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Dockets Management Branch (HFA 305) 
Food and Drug Administration 
Room 1061 
5630 Fishers Lane 
Rockville, MD 20852 

RE: Food Labeling: Health Claims; Plant Sterol/ 
Stan01 Esters and Coronary Heart Disease 
Docket Nos. OOP-1275 and OOP-1276 
66 Fed. Reg. 50824 (October 5,200l) 

This letter is submitted by the Altus Food Company (“Alms”), The Quaker Oats 
Company (“Quaker”), and Novartis Consumer Health, Inc. (‘Novartis”) in response to 
the Food and Drug Administration’s (“FDA”) request in the October 5, 2001 Federal 
Register, (66 FR 50824-6) for additional comments on its interim final rule permitting 
health claims stating that plant sterol/stanol esters may reduce the risk of coronary heart 
disease. 

Altus is a joint venture of Quaker and Novartis . Altus is developing and marketing 
processed foods and beverages for the retail market and has recently introduced into test 
markets products that specifically support cardiovascular health. Altus strongly believes 
that food labeling should ensure that consumers are fully informed about the health- 
promoting benefits of certain food products but that consumers not be misled about those 
benefits or the nutritional content of their food. 

Altus has brought to market products containing a mixture of free (not esterified) plant 
sterols and stanols. Altus and Nova&s have previously provided the FDA with 
documentation of the safety and efficacy of the active ingredient in these products 
(GRAS Notice No. GRN 000039). The FDA has acknowledged in the preamble to the 
interim final rule (65 FR 54686) that free sterols and stanols are the active form of plant 
sterols and stanols. The FDA has also acknowledged that it had no questions about the 
safety of the ingredient, ReducolTM (Phytrol), for use in spreads. Novartis submitted 
additional information in November 2000 confirming the safety of the ingredient for use 
in cereals, bars and juice drinks. Altus recently completed clinical studies demonstrating 
the cholesterol reducing efficacy of these product forms. 

In these comments Altus will briefly reiterate our previously submitted rationale for 
modifying the interim final rule to include free plant sterols and stanols, additional 

ALTUS Food Company - 321 North Clark Street - Chicago, Illinois 60610 



sources of plant sterols and stanols, and additional food formats containing these 
substances. In addition, we will submit new data that confirms the efficacy of these 
substances and food formats. We will also provide rationale that advisory statements are 
not justified scientifically and are therefore unwarranted and unneeded. 

I. Eligibility of unesterified plant sterols and plant stanols for the health claim 

Altus and Novartis have previously, and separately, commented, both on November 21, 
2000, that free plant sterols and stanols should be included in the list of substances 
eligible to bear the claim. The FDA determined in its review of the relevant data that 
sterol and stanol esters are converted to free sterols and stanols before exerting their 
effect in the body (65 FR 54690), that the free form is the biologically “active moiety” 
and that the ester forms are actually secondary and created primarily to address 
manufacturing and marketing issues, Additionally, the FDA found that blood cholesterol 
and LDL-cholesterol levels were significantly reduced in studies in which the sterols and 
stanols were consumed in the free, unesterified form (65 FR 54704, especially Jones et 
al., 1999l). Novartis also submitted, in its November 21,200O comments, additional data 
demonstrating that free phytosterols could also be effective in reducing blood cholesterol 
levels when ingested in beverages, specifically a milk based drink. 

The functionality of free plant sterols and stanols is additionally confirmed by a recently 
completed Altus clinical study in which subjects consumed one serving per day each of a 
low fat cereal, a low fat bar and a juice drink, all containing 0.6 g of free plant sterol and 
stano12. The bar and cereal also contained at least 0.75 grams of oat beta-glucan per 
serving. The study included more than one hundred subjects in two groups who first 
received low fat dietary advice for six weeks and then, for an additional six weeks, one 
serving per day each of a bar, a cereal and juice drink. The test subjects received 1.8 
grams per day of a mixture of free plant sterols and stanols and 2.7 grams per day of beta- 
glucan in oats. The test subjects LDL-cholesterol and total cholesterol were reduced 7% 
(-10.3 mg/dl) and 5% (-13.2 mg/dl), respectively, as compared to the placebo group. By 
comparison, Ripsin et a1.3 in a meta-analysis of twenty oat trials calculated an effect size 
of -3.4 to -10.5 mg/dl for total cholesterol for doses of oat soluble fiber of less than three 
grams. The effects in the Altus study test group were larger than can be attributed to 
beta-glucan alone, confirming that fi-ee plant sterols and stanols can be effective when 
incorporated into low fat foods and beverages. 

Novartis has previously submitted data to the FDA on the cholesterol lowering efficacy 
of a milk-based beverage as we11.4 These studies confirm that phytosterols can be 
effective when incorporated into product forms other than spreads and salad dressings. 

II. Daily intake levels necessary to reduce the risk of CHD 

As we commented previously, we believe that the FDA has used an appropriate standard, 
i.e., the lowest daily amount that consistently and significantly lowers blood LDL- 
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cholesterol, to set the daily effective amount. This is consistent with the belief that even 
small changes in blood cholesterol levels will have a useful public health benefit. It is 
also consistent with the approach taken in developing the soluble fiber and soy protein 
health claims. 

We believe that if all phytosterol cholesterol reduction studies are considered as a whole, 
plant sterols and plant stanols have approximately equal ability to reduce blood 
cholesterol levels. There are insufficient direct comparisons of sterols to stanols and free 
to esterified phytosterols to conclusively assign different efficacies to different forms. 
Further, we believe that differentiating the ,effectiveness of sterols and stanols will lead to 
unnecessary consumer confUsion making it less likely that consumers will actually use 
beneficial products with these ingredients and will, therefore, fail to derive any benefit. 

We do recommend that the effective amounts be expressed in grams of free sterols and 
stanols for all qualifying products. This reflects the actual substance measured 
analytically and the active component. It will reduce confusion and inconsistency in 
expressing the amount present in a food and the effective amount. 

III. Eligibility of mixtures of plant sterols and plant stanols for the health claim 

Both the LiptonAJnilever plant sterol ester and the McNeil/Raisio plant stanol ester 
ingredients are mixtures of sterols and stanols, albeit mixtures dominated by either sterols 
or stanols respectively. There is no scientific rationale for excluding intermediate 
mixtures from the health claim. The attached Altus study testing the Forbes-MediTech 
mixture of free plant sterols and stanols, as well as the previously submitted Novartis 
milk drink study and the Jones et al., 1999i, study cited in the preamble to the interim 
final rule all confirm efficacy comparable to either the Unilever or Raisio ingredients. If 
the FDA accepts the argument that sterol and stanol efficacy are approximately equal 
there is no difficulty determining the effective amount of any mixture of sterols and 
stanols. If not, the effective dose can reasonably be specified as the sum of the % of the 
effective dose of sterols and the % of the effective dose of stanols present in the product. 
The sum would have to be equal to or greater than 100% for the product to qualify for the 
claim. 

IV. Issues regarding safe use of plant steroVstano1 esters in foods and advisory 
label statements 

The questions raised by the European Commission (EC), the Australia New Zealand 
Food Authority (ANZFA) and the American Heart Association are not material facts and 
do not warrant further action. The concerns involve the possibility of impaired vitamin 
status as a consequence of reduced fat soluble vitamin absorption and whether individuals 
who are heterozygous for sitosterolemia are at increased risk for cardiovascular disease. 
The actions of the EC and ANZFA are more cautious than warranted by the available 
scientific data. 
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There is no direct evidence that increased phytosterol consumption impairs vitamin A or 
any other fat soluble vitamin status. The effect of phytosterols on fat-soluble vitamins 
has been extensively studied. Published, well-controlled, randomized, double-blinded 
clinical trials have found no significant effects on the status of vitamins D, E, and K 5-12. 
In these evaluations, carotenoids or dietary precursors of vitamin A have been reduced in 
some 5-g~*2-15 but not all studies@“’ . The Hendriks study’ found that 1.6 g of plant sterols 
per day lowered plasma cholesterol concentrations without seriously affecting plasma 
carotenoid concentrations. 

Novartis Consumer Health observed no negative effect on fat-soluble vitamin 
bioavailability, evidenced by unchanged plasma levels of fat-soluble vitamins after 4 
weeks of consumption of a phytosterol enriched milk-based product at 1.8 g/day4. At the 
highest dose tested, i.e. 3.6 g/day, plasma a-carotene levels, but not p-carotene levels, 
were significantly lowered (i.e., 18%). In another clinical study, no effect on plasma 
vitamin A and E, and p-carotene levels were observed after treatment with a phytosterol 
enriched cereal product at a dose of 1.8 g/day16. 

Despite the reductions in p-carotene observed in some trials, plasma retinol levels 
remained unchanged, demonstrating that vitamin A status was not affected by the 
decreases seen in this vitamin A precursor6’8~‘2’*71*8. Vitamin A is obtained from retinol, 
retinyl esters, and carotenoids in the diet. In addition, serum carotenoid concentrations, 
particularly in short-term studies, may not be accurate indicators of carotenoid 
availability in the body because they amount to only approximately one percent of the 
total tissue content of carotenoidst7. 

In the various studies that showed a decrease in serum carotenoid levels after phytosterol 
treatment, the actual carotenoid concentrations remained within the ranges normally 
found in the population. Although both a-carotene and p-carotene have provitamin A 
activity, carotenoids are not essential nutrients and no recommended intake (or dietary 
reference intake) levels have been establishedtg. No relevant health impairment at low 
(marginal) intake has been demonstrated. The recent evaluation of carotenoids by the 
Committee on the Scientific Evaluation of Daily Reference Intakes noted the following, 
“while there is evidence that p-carotene is an antioxidant irt vitro, its importance to health 
is not known”‘g . Based upon the totality of scientific evidence that exists at this time, 
there is no persuasive reason to believe that modest reductions in serum levels of some 
carotenoids will affect health in the U.S. population. 

Existing safety data provides no rationale for restricting the phytosterol intake of infants, 
children or pregnant or lactating women. Extensive safety studies conducted in animals 
and cited in the GRAS notifications submitted by Unilever, McNeil Consumer 
Healthcare, Novartis Consumer Health and Car-gill found no effects of substantjal intakes 
of a variety of mixtures and forms of phytosterols on reproduction or development. In all 
cases the FDA concluded that it had no questions about the use of various phytosterol 
preparations in a variety of food products. Animal studies demonstrate that these 
substances are poorly absorbed from the gastrointestinal tract, have low toxicity (NOAEL 
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= 6.6 g/kg/day), have no effect on reproduction, and are not genotoxic2’. None of the 
human clinical studies4-‘6’20 reported any adverse effects with phytosterol use, including 
one that evaluated intake for one year7, and severa14Y5’16 that reported intakes several times 
higher than that intended for Altus products. Furthermore, the products are designed and 
marketed to older adults with cardiovascular disease concerns. The sensory attributes, 
the packaging, and the advertising are all designed to appeal to older adults, making it 
less likely that they will be consumed by children or young women. 

Commercially available plant stanol ester-containing spreads have been available in 
Finland since late 1995 with 260 million servings consumed since introduction’*. 
Currently, approximately 140,000 adults in Finland are consuming the spread daily with 
no evidence of a safety issue”. Recently, the European Union (ELI) approved plant sterol 
esters for use in margarine/spread under the EU Novel Foods Regulation and concluded 
they were safe for human use2*. Switzerland, Brazil and Australia have also approved 
phytosterol use in vegetable spreads. Between 1954 and 1982, prior to the development 
of the cholesterol-reducing statin drugs, a phytosterol product was marketed in the United 
States and Canada as an anti-hypercholesterolemic agent at doses ranging between 9 and 
30 g/day without any apparent adverse effects’7’22. 

Among healthy individuals, the absorption rate of phytosterols is usually less than 5% of 
dietary levels, which is considerably lower than the absorption rate of cholesterol, which 
is over 40%23. Thus approximately 95% of dietary phytosterols enter the colon and are 
eliminated from the body. The exception is a rare, inherited condition known as 
phytosterolemia. Recent estimates suggest only approximately 50 cases have been 
identified world-wide24. This condition is inherited as a recessive trait and is 
characterized by the excessive absorption of phytosterols (20-30%)25Y26. Phytosterolemia 
leads to elevated plasma concentrations of phytosterols, which can be as high as 1600 
pmol/L, compared to an average of 30 pmol/L in healthy individuals27. These individuals 
are identified at a relatively early age and are treated with low phytosterol diets and 
binding agents such as cholestyramine. Since phytosterolemics are homozygotes, their 
parents are obligate heterozygotes. Individuals heterogygous for phytosterolemia are 
clinically and biochemically normal 28-31. The normal response to phytosterol 
consumption by heterozygous subjects is reinforced by a recent report32 that ingestion of 
approximately 3 grams per day by the heterozygous parents of a homozygous subject 
resulted only i? increased campesterol and sitosterol blood levels comparable to those 
seen in normal subjects. There is no evidence that heterozygotes experience an 
intermediate response to phytosterol consumption and there is thus a low probability of 
their having an increased risk of cardiovascular disease. 

It should be noted that the National Cholesterol Education Program (NCEP) of NHLB133 
encourages intake of plant sterols and stanols and soluble fiber as part of a heart-healthy 
lifestyle, including a low fat, low cholesterol diet, weight management and exercise. 
NCEP guidelines also recommend the same therapeutic lifestyle changes for patients on 
drug therapy. Also, the AHA does state that plant sterols and stanols can be used by 
individuals needing to reduce blood cholesterol levels or for secondary prevention after 
an atherosclerotic event. 
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Requiring phytosterol containing products to carry a statement recommending medical 
supervision of their use is inappropriate. Based on extensive safety research the 

“substances have been determined by experts to be generally regarded as safe for the food 
uses specified. As far as we are aware, there is no data supporting the need for medical 
supervision of foods which modestly reduce blood cholesterol levels including those that 
are low in fat or contain soluble fibers or soy protein. We are also unaware of any data 
which suggests that plant sterols and stanols interact in any negative manner with 
cholesterol reducing drugs. The NCEP Expert Panel suggested increased soluble fiber 
and phytosterol intake in conjunction with drug therapy for patients needing to reduce 
their cholesterol levels. Requiring labeling that recommends medical supervision on 
plant sterol and stanol containing foods is likely to inhibit the use of products which have 
been shown to be both safe and effective in reducing elevated cholesterol levels, which 
affect 100 million U.S. adults and is a leading risk factor for cardiovascular disease, a 
major U.S. health risk. 

Summary 

Failure to issue the final plant sterol/stanol rule in a timely manner and reopening the 
comment period continues to cause economic damage to Novartis, Quaker and Altus, as 
well as to other companies that are preparing to market sterolMano1 containing products. 
By further delaying the final rule, FDA is ensuring that a limited number of companies 
continue to retain the exclusive benefit of using the steroVstano1 health claim, while 
competitors must wait. This is inspite of the fact that the FDA has received information 
that confirms the safety and efficacy of alternate sterol/stanol mixtures, as well as 
alternate sources and alternate food formats. 

In our understanding, the interim final rule procedure is intended to expedite the 
availability of health claims to leverage public health benefits. In this case, however, the 
process surrounding the interim final rule is having just the opposite effect by further 
delaying widespread use of the health claims as well as public health benefits. Health 
claims are not intended to be company specific; rather, they are intended to apply 
generally to all companies’ products that meet the parameters of the health claim. This is 
in order to provide the general public with liberal access to the health benefits expressed 
in the health claim. 

._ 
At the very outset, FDA’s use of the interim health claim procedure prevented the 
industry from commenting on the health claim at a proposed rule stage, effectively 
foreclosing any chance to shape the health claim before it was approved for use by 
certain companies. In addition, both of the petitions which sought a health claim and the 
Interim Final Rule itself, are entirely product specific. As such, any competitor with a 
slightly varying product formulation is effectively precluded from taking advantage of 
the health claim. And finally, FDA’s delay in issuing a final rule has further prolonged 
the exclusive use of the claim for certain companies while barring its use by competitors. 
These actions are not consistent with the intent of the l@ritio,n Labeling and Education 
Act (“NLEA”) in providing for the development and use of health claims. 
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Altus, Quaker and Novartis recognize that FDA did attempt to approve the sterol/stanol 
health claim in the most expeditious manner possible. We urge FDA to make the 
changes outlined here as soon as possible. 

As the FDA has previously acknowledged, the active form of plant sterols and stanols is 
the free, unesterified form, not the esters. Available research clearly demonstrates that 
free plant sterols and stanols can be successfully incorporated into a variety of food 
formats. Low fat, cholesterol-lowering foods containing plant sterols and stanols offer 
consumers an important alternative in helping reduce cardiovascular disease risk and 
should be included in the final plant sterol and stanol health claim rule. 

Existing efficacy data for free and esterified plant sterols and stanols suggest that the 
cholesterol lowering potential is more similar than different among the different forms. 
There are insufficient direct comparisons to establish different efficacies. The amount of 
plant sterol and/or stanol required daily and per serving should be the same and stated in 
terms of free sterol content. 

There is direct evidence that a variety of plant sterol and stanol mixtures reduce blood 
cholesterol levels in humans; As stated above, we believe that there is no sound basis for 
differentiating free or esterified plant sterols or stanols. 

There is no scientific basis for requiring additional cautionary labeling statements on 
plant sterol and stanol containing foods which bear the health claim. There is no direct 
evidence of impairment of fat soluble vitamin status. There is extensive evidence in 
animal models that development and reproduction are not effected by relatively high 
intakes of plant sterols or stanols. There is no evidence that individuals who are 
heterozygous for sitosterolemia are at increased risk for cardiovascular disease as a 
consequence of plant sterol or stanol consumption and there is evidence that they respond 
as normal subjects do to ingestion of phytosterols. There has been no scientific rationale 
presented for recommending medical supervision for persons consuming products 
bearing cardiovascular risk reduction health claims. 

As Altus and Novartis have stated in previous comments on this interim final health 
claim rule, we strongly urge the FDA not to use the health claim regulation to restrict the 
product forms permitted to use the claim. The existing GRAS and food additive review 
processes are much better suited to the regulation of food safety. 

We respectfully request the opportunity to work with the FDA to allow the development 
and introduction of safe and efficacious products which will help reduce disease risk and 
improve the health of all Americans. The failure to issue the plant sterol and stanol health 
claim rule in a timely and scientifically grounded fashion will economically damage 
companies dependent on the agency for judicious review and approval of the claim. The 
FDA and the Congress need urgently to address whether the current approach to the 
management of the health claim review process is preventing the timely delivery of 
beneficial products to U.S. consumers. 
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Fred L. Shinnick, Ph.D. 
Science & Discovery Manager 
Altus Food Company 

Mark L. McGowan 
Counsel 
The Quaker Oats Company 

I 
Judith A. Weinstein 
Assdciate General Counsel 
Novartis Consumer Health, Inc. 
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Cholesterol-lowering efkacy’of a sitostanol-containing phytosterol 
mixture wit,h a .prudent diet in hyperlipidemic menle3 
Pcrcr JH Jones, Fady Y Nranios. Mahmoud Raeini-Sarjaz, and Carherine A Vansrone 

. 
.&BSTRKT 
Background: Dietary plant sterols (phytostcrols) have been 
shown to lower plasma lipid concentrations in animals and 
humans. However, the effect of phytostcrol intake from tall oil 
on cholesterol and phytosterol metabolism has not been assessed 
in subjects fed precisely controlled diets. 
Objective: Our objective was to examine the effects of 
sitostanol-containing phytosterols on plasma lipid and phytos- 
tcrol concentrations and de n&o cholesterol synthesis rate in the 
context of a controlled diet. 
Design: Thirty-two hypcrcholcstcrolcmic men were fed either a 
diet of prepared foods alone or a diet containink 1.7 g phytos- 
tcrolsld for 30 d in a parallel study design. 
Results: No overall effects of diet on total cholcstcrol conccn- 
trations were observed. although concentrations were lower with 
the phytosterol-cnriched than with the control dier on day 30 
(P < 0.05). LDL-cholesterol concentrations.on day 30 had 
decreased by 8.9% (P c 0.01) and 24.4% (P < 0.001) with the 
control and phytostcrol-enriched diets. respectively. HDL-cho- 
lcsterol and triacylglyccrol conccntrstions did not change signi- 
ficantly. Moreover. changes in circulating campestcrol and p- 
sitosterol concentrations were not significantly different between 
phytostcrol-fed :vI control subjects. lo addition, there were no 
significant differences In fractional (0.091 ?: 0.028 and 
0.091 +- 0.026 pool/d, respectively) or absolute (0.61 i: 0.24 and 
0.65 + 0.23 g/d, respectively) synthesis rates of cholesterol 
observed between control and phytostcrol-fed subjects. 
Conclusion: Addition of blended phytostcrols to a prudent 
Korth American diet improved plasma LDL-cholesterol con- 
c:ntrations by mechanisms that did not result in significant 
changes in endogcnous cholesterol synthesis in hyperbholes- 
tcrolemic men. Am J Clin Nurr 1999;69:1144-50. 

KEY WORDS Phytostcrols. plant stcrols, plasma cholesterol. 
low-density lipoprotein, LDL, high-density lipoprotein. HDL. 
sitostanol, humans, men. hypcrlipidctnia. tall oil 

JXRODUCTI6N 
Increasingly, dietary approaches to lowering heart disease risk 

arc finding appeal over ph&nacolo$c alternatives in the general 
population. One such approach has been to use naturally occur- 
ring plant sterols (phytosterols) as cholesterol-lowering adjuncts 
in foods (l-6). Sitostanol. the saturated derivative of the most 

common phytosterol, p-sitostzrol, has successfully lowered cir- 
culating cholesterol concentrations in most human feeding trials. 
Decreases in total and LDL-cholestcrol conCernrations of 5-155 
have been observed in studies lasting as long as 12 mo (7-16). 
although lack of efficacy has also been observed (17). 

Although most studies using pure sitostanol or sitostanol ester 
have shown lowering of cholesterol in humans, results across 
studies show considerable variability that is likely due, in larg: 
part, to differences in study design and the method of adminis- 
t&on of the phyrosterol material (7-17).To date. no experiment 
has been c,onducted in which the sitostanol-containing phytos- 
tcrols were administered over the 3 daily meals of a precisely 
controlled metabolic diet. How the addition of sitosranol-con- 
uining phytosterols alters plasma cholesterol concentrations in a 
dietary setting in which meal timing. composition. and quantity 
arc rigorously maintained has not been established. 

Both sitosunol and P-sitostcrol are believed to reduce plasma 
cholesterol concentrations extrinsically by compctiiively block- 
ing cholesterol absorption from the intestinal lumen (1% 19). 
displacing cholesterol from bile salt micelles (20). increasing 
bile salt excretion (21). or hindering the cholesterol estcrification 
rate in the intestinal mucosa (--. _ 1’ 93). Additional intrinsic actions 
of phytostcrols may include modification of hepatic acctyl-Co.4 
carboxylasc (24) a:: cholesterol 7-a hydroxyi.:: c.:,yrnc activ- 
ities (25) in animals and humans. 

Whether the cholesterol-lowering ability of titostanol-rich 
phytosterol mixtures influences cholcstcrogcncsis has not been 
fully addressed. @-Sitostcrol has been shown to lower plasma 
cholesterol concentrations while simultaneously stimulating 
(26, 27). inhibiting (28). or exerting (29) no effect on cholcs- 
tcrol synthesis in animals and humans. Previous reports of stud- 
ies that examined the effect of phytosterols on cholestcrogcnc- 
sis in humans determined synthesis rates indirectly (14.26.301. 
However, none of those studies examined the effect of a precisely 
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controlled, prudent North Am&can diet with simultaneous 
dministration of tall oil phytostcrols on cholesccrogenesis 

,ncasured directly by the deuterium uptake method. Tall oil is 
the fat-soluble fraction of the hydro~ysacc obtained from trees 
during tie pulping process. 

Our objective was to examine whether tall oil phytostcrol con- 
sumption alters lipoprotein-cholesterol concentrations and stcrol 
metabolism in hypcrlipidemic men when provided as a food sup 
plemcor suspended in margarine. The hypothesis tested was that 
when sitostanoI-cootaining phytosterols are pro+ided to byper- 
lipidcmic men over the 3 meals of a prudent. fixed-food Nonh 
American diet. lipoprotein cholesterol profiles. plasma phytos- 
tcrol concentrations. and de nova cholcsteroi synthesis rates will 
be different from when the diet is provided alone over 30 d. 

SUBJFXTS AND METHODS 

Subjects 

Thiny-two men (aged 35-60 y) with primary hypcrcholes- 
ccrolcmia were selected. Subjects were screened. after I2 h of 
fasting. for total cholesterol and triacylglycerol concentrations 1 
and 2 wk before the start of the study. Ctiteria for acceptance 
were plasma total cholesterol concentrations between 6.5 and 
10 mmoVL, total circulsring triacylglyccrol concentrations 
c3.5 mmol/L. and a body mass index (BMl; in kg/m?) > 18 or 
~37. Individuals who reported having diabetes, heart disease. or 
hyporhyroidism or who had stopped using medication for hypcr- 
cholcscerolcmia for ~4 wk were excluded. Subjects were rsn- 
domly assigned into the 2 treatment groups on the basis of plasma 
toul cholesceroi concentrations. 

Protocol and diet 
The study was a randomized. double-blind cljnical &II. All 

subjects were provided for 30 d with a North American diet con- 
sidered to be healthy in terms of macronutrient and fat content. 
The control dicl group (n = 1.6) received a diet of prepared food 
alone; the phytosrcrol-enriched diet group (n = 16) received a diet 
,wilh sitostanoltonrainj;~ &WKW& [22 mg/kg body WI (1 J g/70-kg 
man)] suspended in the margar;.:e component of the diet. The dier 
was formulated IO meet Canadian recommended nutrient intakes 
and 10 provide fat, fiber. and carbohydrate subcomponents con- 
sistent with recommendations of Health and Welfare Canada (31). 
Dietary protein. carbohydrate. and fat made up 15%. 50%. and 
35% of ingested encrz, respcctivcly. The dietary fat was com- 
posed of 11%. 10%. and 14% of energy as saruraced. polyunsacu- 
rated. and monounsaturated fau. with a blend of butter. corn oil. 
olive oil. and canola oil-based margtine. 

Diets, fed in amounts determined to maintain body weight 
throughout rhe 30-d trial (32): were provided under supervision 
as 3 meals of equal energy each day. A 3-d rotating qyclc was 
used, each cycle having similar macro- and micronutrient con- 
tents. Meals we& prepared at the Clinical Nutrition Research 
Uni; for consumption on site or. in certain cases. for takeout. as 
described previously (I 6). During meal preparation, foods were 
weighed precisely co the nearest 0.5 g. Subjects were instructed 
not to consume any foods or beverages ocher than those pro- 
vided by the diet. Alcoholic and caffeinared beverage consump- 
tion was strictly prohibited over the course of the trial. Subjects 
were provided with decaffeinated. energy-free carbonated bev- 
erages to drink bc&een m&als. 

Phytosterols were prepared from ~11 oil by solvent extraction 
and purification through repeated crystallization. Sitosnnol 
ma& up ~20% of the mixture by wei@. 7he remaining phy- 
tosterols were mostly sitostcrol and WTI~CSC~OL The phyro- 
srcrols were administered by suspending them in 30 g pre- 
warmed margarine each day. providing a ratio of margarine co 
phyroscerol of ==20:1 (hy wt). The 30 g margarine was divided 
equally among the 3 meals and mixed dir~Ay with food ingre- 
dients during preparation before cooking. When fluctuations in 
body weight occurred, adjustments to energy intakes were made 
during the initial IO-d period of dre trial only. There were no 
changes to subjects’ dicrs thereafter. 

00 day 29 of the trial. subjects were given orally 1.2 g D,O 
(99.8% atom percent excess) per kg body weight at 0800. Deu- 
tcrium uptake into cholesterol was measured over the following 
24 h. Blood sampi.& were coIlected just before and 24 h after 
deuterium dosing for red blood cell free cholesterol and water 
dcuterium enrichment measurements. 

Subjects underwent routine physical examinations and ; 
derailed blood chemistry analyses before and on day 30 of ch: ‘. 
srudy. A physician was on caI1 continually throughout the trial 
for subjects to contact in case they experienced discomfort. 

Lipid and phyrosrerol uualyses 

Blood samples were collected from subjects before breakfast 
on days 0. 10. 20, 29, and 30 of the trial. Plasma was obtained 
after 20 min of cenvifugation at 530 X g at 4T. Plasma total. 
and LDL- and HDL-cholesterol and triacylglycerol concentra- 
tions were then determined. In addition. samples were collesrcd 
from subjects on days 40 and 50. after the end of rhc diet. 

Plasma total cholesterol. HDL-cholestcrol. and triacylglycero) 
concentrations were measured in duplicate by using a VP autoan- 
alyzer and commercial enzymatic kits (Abbott Laboratories. Nonh 
Chicago, IL). HDLcholescerol concentndons were measured in 
plasma after precipitation of apolipoprotein B lipoproteins with 
dextran sulfate and magnesium chloride (55). The concentration 
of LDL cholesterol was calculated according co the methods of 
Friedewald et at (34). s’:s for replicate analyses o[ ruta: cii?!es-: 
terol, HDL-cholesterol. and triacvlelvcerol concentrations were . w- 
2.74%. 6.53%. and 1.93%. respectively. 

Plasma phytosterol concentrations were determined in dupli- 
cate by gas-liquid chromatography from the nonsaponifiable matc- 
rial of plasma lipid as reported previously (35). Briefly. 0.5~mL 
plasma samples were saponified with 0.5 mol mtthanolic KOHfL 
for 1 h at 100°C and the nonsaponifiable materials were extracted 
with pcvoleum ether. 5-a Cholestane was used as so internal stan- 
dard. Samples were injected into a gas-liquid chromacograph 
equipped with a flame ionization detector (HP 5890 Series II: 
Hewlett Packard, Palo Alto, CA) and with a 30-m capills? col- 
umn (SAC-5; Supclco. Bellefonte. P.4). Detector and injector tem- 
pcra~ur& were 310 and 3OOT. respccrively. Duplicate samples 
were run isothermkally at 285X Phytoscerol peaks were idcnci- 
-lied by comparison with aurhencicaced standards (Supclco). 

DC nova cholcsrerol qnrhcsis derenninarion 

Cholesterol biosynthesis was derermined as the rate of-incor- 
pontion of deuterium from body waler into free sccrol over 24 h. 
Labeled water equilibrates quickly with intro- and extra~~ll~l~ 
water body pools and permits direct detcrminXion of cholcs- 
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‘IXBLE 1 
Mean and puantage changes in subjorts’ body weights krwcta days 0 
and 30 in the control and phytonerpluuickd dl groups 

c0mro1 PbtOStCtUl 

Body weight tkp) 
Day 0 79.8 2 9.6 87.8 * 15.2 
Day 30 78.9 + 6.5 86.12 15.1 

B&y-weight change (a) -1.1 f I.1 -13f I.4 

‘P+SD:n=l6menpcr~.Thcn~nosienifKanrdiffcMccin 
body wclght b&cca &ou+ on days 0 or 30. : 

terol synthesis rates (36). Dcutcrium enrichment was measured 
in red blood cell free cholesterol and plasma water as reported 
previously (37A39). 

The fractional synthesis rate (FSR) of cholesterol was deter- 
mined as incorporation of precursor dcuterium into plasma total 
cholesterol relative to the maximum theoretic enrichment by 
using the linear regression model described previously (37. 39). 
The absolute synthesis rate (ASR = FSR X M, pool) was calcu- 
lated according to the model of Goodman et al (40) as follows: 

M, pool = 0.287 WI (kg, 
+ 0.0358 plasma total cholesterol (mmo?) 
- 1.40 TGGP 0) 

where TGGP is a variable that is equal to 1.2, or 3 depending on 
the serum triacylglycerol concentration: < 2.267.2.267-3.401. or 
> 3.40 1 mmoVL. respectively. 

Statistical methods 
Plasma lipid concentration data were evaluated by using a 

two-factor repeated- measures analysis of variance (ANOVA) 
procedure with tests for time and diet effects. and time-by-diet 
interactions. When the time-by-diet interaction WY P c 0.10, 
repeated measures one-way ANOVA procedures were used. 
Wilk’s lambda test was used to analyze time effects. whereas 
Student-Neuman-Keuls’ post hoc tests were used to identify 
significant effects of diet at particular times (41). For total cho- 
lesterol. consistent with our initial hypothesis, percentage 
changes between days 0 and 30 were compared by using &NOVA. 
When main time effects were significant. a quadratic model was 
fitted to individual data of each treatment to detcnninc whether 
the partem of the decline was different. Slopes of the different 
diets were tested by using unpaired Student’s t tests as were the 
effects of tall oil-derived phytostcrols on FSR and ASR values. 
The relation between plasma total cholesterol concentrations. 
phytostcrols. ASR. and FSR were determined by using Pearson 
product-moment correlation cocfftcients. The accepted level of 
sigrtificance was P c 0.05. 

RESULTS 
Thirty-three subjects started the feeding trial: 32 subjects 

completed the entire study. All subjects tolerated the experimen- 
tal diet without any reported adverse effects. In addition. results 
of blood chemistry and urine tests were normal at the start of the 
diet period and throughout the duration of the trial. Screening 
checkups conducted at each 10-d time point of the trial sug- 
gesttd no clinical irre@ritics. Overall. subjects maintained 
cxccllent health throughout the duration of the experiment. 
except for one subject in the phytosterol group who reported 

diarrhea considered to be associated with a bout of influcma 
over the final 4 study days. 

The sitostanol-contalning phytostcrol mixture was found to be 
inert in that subjects repod no panicular abnormal or atypical 
smell. taste. aftertaste, or mouth-feel of meals during either diet. 
Subjects were not nble to identify which diet they were consum- 
ing. There were no reported abnormalities of stool consistency or 
color, with the exception noted above. 

Mean body weight. ape. and BMI did not diier between con. 
trol and phytostcrol-cnriched diet groups (Table 1). There was 
no significant chanSe in the mean body weight of subjects across 
the 30-d feeding period. Seven study subjects had their energy 
intake altered by 10-2046 over the first week of each trial. Three 
subjects either lost weight or reported lack of satiation. and thus 
their energy intake was increased. Four subjects reported feeling 
overfull and thus their energy intakes were reduced. In instances 
in which energy intakes were adjusted. relatively steady weight 
was achieved over the remainder of the period. 

Mean total cholesterol concentrations over the 50-d study are 
shown in Figure 1. Mean plasma lipid profiles during the 30-d 
feedinS period are presented in Table 2. Total cholesterol con- 
centrations measured over the 30-d feeding period showed sub- 
stantial variation in pattern between subjects. For the control diet 
group. the tcrtilc (n = 5) of subjects showinS the greatest 
response to diet had a mean 235% decline from day 0 to day 30 
(P c 0.05). whereas the tertile (II = 5) with the least response 
showed an average 1% increase in total cholesterol concentra- 
Cons (NS; data not shown). The variability in cholesterol con- 
centrations during the phytostcrol-enriched diet was similar to 
that observed during the control diet. The tertile of subjects 
showing the greatest response to diet had a mean decline in cho- 
lesterol concentrations of 31% (P < 0.05). whereas the tcrtilc 
with the least response showed an average decline in total cho- 
lesterol concentrations of 655 (NS: data not shown). Variance in 
response was not associated with the initial circulating lipid con- 
centration. chanSe in body weight, or number of meals con- 
sumed away from the Clinical Nutrition Research Unit. 

There was a significant main effect of time on total cholcs- 
~crol conccntrarion Crablc 2). For effects of diet. with use of the 
two-factor ANOVA zzsdel. there was no interaction between 

1.2 - 
+ Colllrol 
+P@uslerul 

5.2 ! I I 1 

0 10 20 30 40 SU 
Time (d) 

FlCURE 1. Et&t of 1 phpstc&enriched diet over time on mean 
($SEl total cholesterol concenrnrions of hypwcholesrero~cmic men. 
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TABLE 2 
PbsM lipid caxcntratioar in tic CO~UQI Jnd phymsruul-carich.cd diet 
xrouos’ - . 

Fljsma lipid and study day Conuol PhyKoslcrol 
t7lJTOlA. 

Total cholauml’ 
hY0 
Day 10 
Day 20 
Day 30 

LDL cholesterul’ 
Day 0 
Day IO 
Day 20 
Day M 

HDL cholcatcrol 
Day 0 
Day 10 
Day 20 
Day 30 

Total uiacvlalvcerols* 
Day0 . -- 
Day IO 
Day20 ’ 

6.81 f 1.30 
6.43 + 139 
6 .-- ” - + 1.60 

* 6.10 2 1.45 

s.co+ 1.27 
4.57 r I30 
4i9 f I.416 
4.56 A 135’ 

0.6-1 kO.18 0.75 f 0.24 
0.s 2 0.20 0.7 1 5 0.26 
0.63 f 0.20 0.71 io.25 
0.60t0.18 0.67 f 0.18 

35 * 1.10 
2.00 f 0.60 
?.18+0.90 

6.73 5 1.15 
uJ6+ 1.05 
2.78 2 1.19 
5.42 f 0.92 

3.33 + 1.23 
2.97 2 1.09 
3.08 + I.14 

Day 30 2.02 + 0.66 3.00+ 1.60 
‘f 5 SD: I = 16 men per ;roup. 
-‘Siynificmt main cffccl of time. P = O.@Xl. 
‘S$niKcm~ main effects of diet. P = 0.009. and time. P = O.WOl. 
ah. Signihcsntly different from day 0 v;ithin srudy group: ‘P < 0.01. 

*P c 0.05. :P < 0.001. 
JSi_rni6canrly differenr from control. P < 0.05. 
‘Si:nilicanr main cffececr of dia. P = 0.013. 

time and dietary treatment for mean circulating total cholesterol 
concentrations. indicating no overall effect of diet. When total 
cholesterol concentrations wcrc expressed as the difference 
between the mean of day 29 and 30 values compared with the 
concentration on day 0. a 10.4% decline was observed for the 
comrol diet. For the phytostcrol-enriched diet. the decline was 
19.55. When o spccitic comparison x’as made bctwcr:. days 0 
and 30 for total choicstcrol concentrations, a signitica:.. diffcr- 
ence was observed between diet groups (P c 0.05). 

The individual mean total cholesterol data for days &30 with 
the control and phytostcrol-enriched diets were fitted by using 
quadratic models. The quadratic term for total cholesterol with 
the control diet was significant (r = 0.999. P = 0.012). whereas 
that with the phytosteroknrichcd diet was not (P = 0.161). The 
slope of the decline in total cholesterol durin8 the phytostcrol- 
cntichcd diet was linear (r = 0.981. P = 0.001). 

The LDL-cholcsterol concentrations over the 50-d study are 
shown in Figure 2. Despite dietary control, subsnntial variations 
in pattern between subjects were observed for LDL-cholcsterol 
concentrations messurcd over the 30-d feeding period. With the 
control diet. the tenik (n = 5) of individuals showing the grcat- 
est response to diet had an average 24% decline (P < 0.05). 
whereas the tcrtilc (n = 5) with the least response showed an 
t~tngc 4% drop in LDL=cholcstcrol concentrations (NS: darn 
not shown). Tbc variability WY similar with the phytostcrol- 
enriched diet. In the present study. the tcrtiie of individuals 
showing the grutest response to diet had an average 37% dcciinc 
(P < 0.051. wherus the tertilc with the Icast rcsponsc showed’sn 

averngc 8% drop in LDL-choicsfcrol COnWWUions (NS: data 
not shown). 

Both the control and phytostcroknrichcd diets caused a pro- 
grcssivc dcchne in LDL-cholejtcroI CO*Cc*U’XiOns over time. 
with a trend townrd resumption of predict concentrations over 
days 40 rtnd 50 (Figure 2). Significant main CffccU of time and 
diet trutrncnt wcrc shown for LDL-cholatcroI concernrationS 
(P c 0.05; Tnblc 2). A mnrginally significant (f’ < 0.1) intcrac. 
tion between time ad dietary trcattncnt WaS obsmcd for LDL- 
cholesterol conccnuations. LDL-cholesterol concentrations 
exprcsscd Y a percentage diffcrcncc bctwcen the mean of days 
29 and 30 compared with day 0 differed significandy (P < 0.01) 
between the control (8.9%) and phytostcrol*nfichcd (24.49) 
diets. On. days 10. 20. and 30, mean plasma LDL-cholcstcroi 
concentrations wcrc significantly lower (P < 0.05). by 8.7%. 
9.08. and 15.5%. rcspectivcly, in the group consuming the phy- 
tostcrol-enriched diet compared with the control diet. 

The quadratic terms of LDL-cholcstcrol curves for the control 
and phytosrcroI-cnrichcd diets were not signifmm. but the. 
slopes of the 2 dietary trcatmcnt lines were significantly differ:” 
cnt (P = 0.041, Student’s unpaired I test). The decline in LDL- 
cholesterol concentrations with the phytosterol-enriched diet 
was steeper (-0.036 mmol/d. r = 0.989) than that with the con- 
trol diet (-0.016 mmolld. r = 0.969). 

There was no significant difference at the start bctwctn the 
group mean HDLtholcstcrol conccntntion in those consuming 
the phyrosrerol-enriched diet and those consuming the control 
diet. although the mean for the latter group was 12% lower than 
that of the phytosterol-cnrichcd diet group (Table 2). Neither 
time nor diet showed significant effects on HDL-cholesterol 
concentrations in subjects over the duration of the trial. 

For the plasma triacylglycerol concentration there was a 
significant main effect of diet but no time effect or time-by-die: 
interaction. The triacylglyccrol concentration in the phytos- 
terol-enriched diet group was initially higher than that in the 
control diet group and this difference was maintained through- 
out the experiment (Table 2). 

Mean plasma campcstcrol and 8-sitostcrol concentrations in 
the control diet group did not vary across diet or time from 
those in the tcoup gtvcn phytostcrols (Table 3). Correction for 
variations in total chGestcro1 concentrations and expression ri 
the values of &sitostcrol per mol chokstcrol did not result in 
any significant diet or time effects or a time-by-diet interaction 
(Tnble 4). For the campcstcrol-cholesterol ratio. main effects 
of diet and time wcrc significant. but there was no time-by-diet 
interaction (Table 4). The cnmpcstcrol-cholesterol ratio in the 
phytosterol&riched diet group was initially higher thnn that in 
the control group and this diffcrcncc was maintained through- 
out the cxpcrimenr 

The mean FSR did not differ significantly berween the control 
(0.0911 + 0.0280 pool/d; range: 0.0408~. 1420) and phytos- 
terol-enriched (0.0914 + 0.0250 pool/d: range: 0.0487-0.1320) 
diet groups. In addition. no significant difference WY noted in 
the ASR between the‘ control (0.613 + 0.243 g/d: range: 
0.200-1.10) and phvtosterol-cnrichcd (O&f + 0.234 g/d: rnnge: 
0.274-1.060) diet groups. Significant correlations between cir- 
culating phytostcrol concenrrntions and various indexes such a~ 
total cholesterol. FSR. ASR. body weight. and BMI were 
observed. Plasma camputcrol concentrations (day 30) correlated 
with total cholesterol concentrations in the control group 
(r = 0.62. P = 0.011). but not in the phytostcrol-enriched diet 
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FIGURE 2. Effect of a phgrosterol-enriched diet over time on 
mean (t SE) LDL-cholcrtcrol concentrations of hypercholesterolemic 
men. *. *** “‘Sipnificanrly different from day 0: ‘P < 0.05. “P < 0.01. 
“‘P c 0.001. Between diets, time points with different letters are 
significantly different. P < 0.05. 

group. Conversely. the cotielation of percentape change in 
plasma campestcrol concentrations with percentage change in 
rota1 cholesterol concentrations was not significant across trear- 
menu. Circulating campcstcrol concentrations were negatively 
correlated with M, pool size on day 30 in the control (r = -0.68, 
P = 0.00~) and phytosterol-enriched (r = -0.48. P = 0.05) diet 
groups. The FSR was negatively correlated with campesterol 
(r = -0.4. P = 0.027), B-sitostcrol (r = -0.39. P = 0.03). the 
ratio of campestcrol to cholesterol (r = -0.37. P = 0.038). and 
the ratio of B-sirostcrol to cholesterol (r = -0.34. P = 0.05) con- 
centrations. A negative correlation (r = -0.36. P = 0.045) was 
also found between the ASR and total cholesterol concentrations 
for pooled data of the 2 groups. Finally. BMI correlated with 
plasma total cholesterol (r = 0.34, P = 0.04). campesterol 
(r = -0.41. P = 0.02), and B-sitostcrol (r = -0.452, P = 0.009) 
concentrations. and u ie :hc percentage change ir ca:*;qcterol 
on day 30 (r = 0.425. i = 0.015) in all subjects. 

DlSCCSSION 
TO our ImowlcdSe. this study is the first in which hypercho- 

lesterolemic subjects consumed precisely controlled diets 
enriched in phytostcrols; previous studies used self-selected 
diets (5. 10, 11. 15, 17). Supplementation with 22 mg tall oil 
phytosterols l kg body wt -I *d-t was effective in loweriog circu- 
lating LDL-cholesterol concentrations in these subjects without 
changing either rndogenous cholesterol synthesis or phytosterol 
conccnuations. Although the reduction in LDL-cholesterol con- 
centrations observed in thii study agrees with that found by other 
investigators (9. 14). the observation of no change in cholcstero- 
genesis does not agree with previous reports (26.42). 

The efficacy of phytostcrols in lowering circulating lipid con- 
centrations was shown previouily for both unsaturated (1. 2. 5, 
15) and saturated (8-16) phytosterols either esterified or nones- 
tcrifkd to fatty acids. Use of both pure unsaturated and saturarcd 
phytosterols has drawbacks. however. Unsaturated phytosterols 
must Setterally be consumed in amounts z-4 g/d to be effective 

(1.3.4). although there are repott of efficacy with low doses of 
unsaturated phytostcrols (5) or phytostcrol esters (15). Similul~. 
sitostanol,‘although more effective lhatt sitosterol in cholesterol. 
lowering ability, has IimiLations in that the material must be pre- 
pared chemically through hydrogenation from B-sitoscerol, then 
modified to produce sitostanol ester. 

ln contrast. the present study showed the effkacy of a mixture 
of unsatunred nnd satmated phytosterols in lowering LDL cho- 
lesterol. After 30 d. our mixture decreased LDLcholestcrol con- 
centrations by 15.5% o&r and above the action of diet alone. This 
degree of reduction was similar to that achieved uitb comparable 
doses of fully saturated stnnol esters given over longer periods 
(IO). When used in conjunction with a prudent Notth American 
diet. the extent of cholesterol lowering was approximately twice 
that attributable to phytosterols alone: LDL-cholcstcrol conccn- 
irations declined a!most 25% in our hypcrlipidemic subjects. Our 
mixture of phytostcrols was obtained from tall oil without l:yriio- 
genation or chemical manipulation after extraction. and the tall 
oil starting material is available worldwide in abundant quantity. 

lndepcndent of the present observation of efficacy of this phv- 
tosterol mixture in reducing LDL-cholesterol roncentrations is 
the observation that the full effect of this material is likely 
attained after more prolonged use. Data for LDL-cholcsterol 
concentrations suggested a steeper decline over time in the group 
fed phytostcrols than that in the control group. For total choles- 
terol concentrations. the curves differed in shape between the 
control and phytosterol-fed groups. Phytosterols may thus bc 
acting on lipids in a manner that is mechanistically distinct from 
that of diet alone. The present data are consistent with those oi 
Miettincn et al (10). who showed that only 80% of the eventual 
plateau in cholesterol lowering had been achieved at 60 d in 
mildly hypcrcholcsterolcmic subjects consuming self-regulated 
diets. The final plateau was obtained at about 6 mo (10). In both 
our study and that of Miettincn et al (IO). discontinuation of phy- 
tostemls resulted in a rapid return of lipid concentrations to 
prestudy values (Figures 1 and 2). 

Our results contrast with those of Denke (17). who provided 3 g 
unesterified sirostanoI/d to hyperlipidemic subjects and found no 
significant effect on circulating lipid concentrations. The 
absence of action observed in the study by Denkc :q as likely 
have been a result of study design as of the biological inefficacy 
of free sitostanol. The present study differed from that of Dcnke 
in several ways. First. Dcnkc’s subjects were not consuming pre- 
pared diets fixed in composition. as in the present experiment. 
Second, sitostanol in the previous study was provided in cap- 
sules, not blended into the fat of each meal as in the present 

, 

TABLE 3 
Plasma plant stem1 concenuations in the control and phytostcrol-cntiched 
diet =goups’ i 

&pcsrcml p-Sitosuml 
Study day Control Phyrostcml Control Phyrosrcrol 

I”om 
0 212k8.0 22.1 + 9.7 1.5 f 2.8 5.4 + 2.4 
IO 22.8 f 8.1 ‘2.7 * 9.3 7.2 * 3.5 5.9 2 2.0 
20 21.5 2 9.0 28.3 f 17.9 6.J 2 3.2 6.4 f. 2.9 
30 26.4 2 12.4 27.52 11.7 6.1 +5.? 4.4 + I .8 

‘7 + SD: n = 16 men per group. There wem au significant main effects 
of diet or time and no sipnificanr time-bydiec intcmctions. 
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CHOLESTEROL-LOWERING EFFICACY OF STEROLS Il.I? 

TABLE 4 
Plasma plant stcml COnccn~o~ according *o cholawrol in the conrml 
and phylosumlsnrichcd diet mps’ 

campesterol~ &Sitorteml 
Study day Conuul Ph~TOSUfOl Conovl Phytosulul 

ntmoVmo1 cfzolcSred 

0 3.03 + 0.83 3.39 f I.65 1.07+031 0.89 f 0.40 
IO 358 + 1.17 4.25 2 1.38 1.09 rf 0.31 0.98 f 0.31 
20 3.44 * 1.15 . 4.75 f 229 1.005039‘ 1.14~O.Sb 
30 4.28+1.68 5.18+2’2 -- 0.96 2 0.62 0.85 g 0.46 

‘f+S~n=16mcnpergroup. 
‘Siynificant main effects of diet (P = 0.049) and time (P = 0.&X18). 

study. Capsular phytosterols may not fully disperse or solubilizc 
in the gut digesra before absorption. limiting thcii ability to 
reduce cholcsrero1 absorption. Third, in the study by De&c, 
compliance was monitored by pill count. not by visual confirma- 
tion as in the present study. Thus, the previous study may have 
nor complelcly confirmed compliance with phytosterol con- 
sumption. Also. distribution of the phytosrerol intake across the 
3 daily meals in rhe present study may have improved efficacy 
over more intermitrent capsular administration. 

The test diet alone produced a notable cholesterol-lowering 
cffccl without the addition of phytosterols. Although the diet’s 
faI content was not cxccprionally lower than tha! rypically con- 
sumed by North Americans (43). several features may have been 
rcsponsiblc for this improved lipid profile. First, the control diet 
was relxivcly high in mono- and polyunsaturakd fats. which 
may have replaced the sxuraced fats typically found in subjects’ 
habirual intakes. Second. this dicr had a lower cholesterol con- 
ten! as a result of Ihe unsaturated fat. Third. the diet was fed to 
avoid a positive energy balance. a metabolic state associated 
with increased circulating insulin concentrations and cholcstero- 
genesis (44). In addition. lower circulating total cholesterol and 
LDL-cholesterol concentrations may have been due to elevated 
fiber intakes and no alcohol consumption. It is surprising that a 
disrincc lipid-lowering effect was not observed in the control 
group of the longer-term sitostanol ester fcec!irlz study of Miet- 
tincn et al (IO) bcc;iu%‘thc rapesccd oil would have co::!ributed 
unsaturated fats to the subjects’ diets. 

Plasma campestcrol concentrations did not change during 
the study in either the control OK phytostcrol-enriched diet 
groups. Phytosterol concentrations were comparable with those 
reported previously in hypercholestcrolcmic subjects (IO, 45. 
46) and arc consistent with results reporting that >8 times the 

, normal intake (250-500 mnld) of dietary @-sitostcrol is 
required fo substantially modify plasma sitostcrol concentra- 
rions (11). Similarly. Lees et al (1) showed that daily adminis- 
tratioi. of 3 g phyiost&ols. conraining largely B-sitostcrol, td 
hypcrcholcstero1emic patients for I mo failed to increase plasma 
phytosrcrol concentrations. 

Although plasma total and LDL-cholestcrol concentrations 
declined with tall oil phytosrcrol feeding in &is study. no com- 
pensatory increase in endogcnous cholesterol synthesis was sug- 
gested by our data. A possible rT.ason for our failure to detect dif- 
ferences in cholcstcrogcncsis between groups was that 
cholcswrol synthesis was compared on day 30 of the trial and not 
bcrwecn days 0 and 30. Thus. the lack of response in the FSR 
and .4SR of cholcsrcrol bcrwccn groups on day 30 may have 

been obscured by the effect of the control diet itself. Although 
the correlation between the ASR and plasma total cholcstcro] in 
all subjccu suggests thahat cndogcnous cholesterol synthesis 
varies wi& plasma total cholesterol concentrations. this observed 
association pmvidcs insuffkicnt evidence that cholesterol syn- 
thesis wx dXkrcnt because of phytostcrol suppltmcntation. 

In summary. the results of the present study show the cffi- 
cacy of a widely available phytostcrol mixture in lowcrin~ 
LDL cholcstcml and altering the patttrn of response in total 
cholesterol concentrations in hyperlipidcmic men when pro- 
vided in conjunction with a prudent diet. These changes in 
lipid profiles were similar in magnitude to those reported in a 
recent study in which subjects consumed 4 g wbod- or vcz- 
etablcderivcd saturated statiol cskrs per day for 8 wk (17). 
WC conch&e that sitostanol-containing blends of unsaturated 
pbytostcrols have the potential to lower plasma lipid concen- 
trations, which arc a risk factor in the development c: heart 
disease in susceptible populations. R 
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ABSTRACT 

This randomized, double-blind, controlled trial evaluated the influence of low-fat, low-saturated 

fat food products that contained free tall oil-based phytosterols (TOP) and oat p-glucan on serum 

lipid concentrations in adults with mild-to-moderate hypercholesterolemia. Following a 5-week 

National Cholesterol Education Program Step I diet lead-in period, 112 subjects incorporated one 

of two treatments into their diets for 6 weeks: food products (cereal, snack bar, and beverage) 

that provided 1.8 g TOP and 2.8 g P-glucan/day and contained 13.0 g total fat and 11.0 g 

saturated fat (TOP/P-glucan treatment) or similar control foods. The low-density lipoprotein 

cholesterol response from screening to the end-of-study was significantly larger in the TOP/@ 

glucan treatment than in the control (-7.6 vs. -0.6%; p<O.OOl). Likewise, total cholesterol 

decreased to a greater extent in the TOP/P-glucan treatment (-5.0 vs. -0.1% for control; p<O.OOl). 

High-density lipoprotein cholesterol and triglyceride responses did not differ between treatments. 

Results of this trial suggest that consumption of low-fat, TOP and P-glucan-containing foods is a 

useful adjunct in the dietary management of hypercholesterolemia. 
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INTRODUCTION 

Coronary heart disease (CHD) is the leading cause’of death in the United States (NHLBI 2000). 

Compelling evidence indicates that the risk of CHD can be decreased by reducing total and low- 

density lipoprotein (LDL) cholesterol concentrations (Downs 1998, Krauss 2000, Expert Panel 

2001, Scandinavian Simvastatin Survival Group 1994). The National Cholesterol Education 

Program (NCEP) Step I diet, which emphasizes limiting saturated fatty acid and cholesterol 

intakes, has been shown to reduce LDL cholesterol by 3 to 10% (Davidson 1996, Bae 1991, Geil 

1995, Kris-Etherton 1999, Ginsberg 1998, Walden! 1997). Since a reduction by this amount is 

not always large enough to achieve desirable LDL cholesterol levels, an adjunct to diet therapy is 

often needed. The Adult Treatment Panel III of the NCEP recommends phytosterols and soluble 

fiber as adjunctive lipid-lowering therapies (Expert Panel 2001). 

Regular consumption of plant sterols and/or stanols has been shown to significantly decrease 

total and LDL cholesterol concentrations (Weststrate 1998, Moghadasian 1999, Jones 1998, 

Hendricks 1999, Hallikainen 2000, Jones 1999, Jones 1998, Maki 2001, Davidson 2001). Plant 

sterols, also known as phytosterols, are structurally similar to cholesterol and compete with 

cholesterol for incorporation into micelles in the intestine. Usual levels of phytosterol 

consumption do not significantly affect cholesterol absorption. When consumed at high levels, ; I 

however, plant sterols inhibit absorption of exogenous and endogenous cholesterol in the 

gastrointestinal tract (Ling 1995, Ikeda 1998). 

Consumption of p-glucan has also been shown to reduce total and LDL cholesterol levels (Glore 

1994, Davidson 1998, Davidson 1991, Ripsin 1992, Nicolosi 1999, Behall 1997). Beta-glucan is 
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the predominant soluble fiber in oat products. The mechanism by which p-glucan lowers 

cholesterol levels may be related to its viscosity, bile salt binding capacity, or fermentability 

(Davidson 1998, Marlett 1994). A meta-analysis of 19 clinical trials indicates that daily 

consumption of 3 g p-glucan can reduce total cholesterol levels by 5 to 6 mg/dL (Ripsin 1992). 

There are no published studies to our knowledge that have examined the hypocholesterolemic 

effect of phytosterols and p-glucan when consumed together. The present study was conducted 

to evaluate the effect of a group of low-fat food products containing free tall oil-based 

phytosterols (TOP) and oat p-glucan on serum lipid levels in adults with mild-to-moderate 

hypercholesterolemia. 
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METHODS 

This was a randomized, double-blind, controlled clinical trial conducted at the Chicago Center 

for Clinical Research, Chicago, IL. This study was performed according to Good Clinical 

Practice Guidelines, the Declaration of Helsinki (1996), and US 21 CFR Part 50 - Protection of 

Human Subjects, and Part 56 - Institutional Review Boards. An institutional review board 

(Schulman Associates IRB, Inc., Cincinnati, OH) approved the protocol prior to the initiation of 

the study. Study procedures were reviewed with subjects and each participant provided written 

informed consent before protocol-specific procedures were carried out. 

Subjects 

Potential participants (21 to 75 years of age) were recruited from the Chicago metropolitan area 

and pre-screened by telephone. Eligibility was further assessed at screening visits (weeks -6, -5, 

and -1). Subjects had to have LDL cholesterol between 130 and 200 mg/dL, triglycerides 1350 

mg/dL, and a body mass index (BMI) 138.0 kgim2. Participants also had to be in apparent good 

health, as indicated by a physical examination, an electrocardiogram, and serum chemistry, 

hematology, and urinalysis panels. Women of childbearing potential were required to have a 

negative urine pregnancy test and to use an approved method of contraception throughout the 

study. 

Subjects were excluded if they had Type I, III, IV, or V secondary hyperlipoproteinemia. Use of 

hypolipidemic medication (including niacin or its analogues at doses of >400 mg/day) within 

four weeks of the week -6 visit was also exclusionary, as was the use of hypolipidemic 

supplements (including plant sterol, omega-3 fatty acid, and dietary fiber supplements) within 
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one week of the week -6 visit. Other exclusionary medications included drugs for regulating 

hemostasis (except for a stable dose of aspirin), hypoglycemic medications, systemic 

corticosteroids, androgens, phenytoin, erythromycin, and thyroid hormone (except stable-dose 

replacement therapy for 22 months prior to enrollment). 

Poorly controlled hypertension (systolic blood pressure 2160 mm Hg and/or diastolic blood 

pressure 2100 mm Hg) was an exclusion criterion for this study, although subjects with 

adequately controlled hypertension were allowed to participate provided that their dose of anti- 

hypertensive therapy had remained constant for 2 months prior to the week -6 visit. The 

following were also exclusionary: diabetes mellitus or a fasting glucose 2126 mg/dL at the week 

-5 visit; history of cancer within the previous 5 years (with the exception of non-melanoma skin 

cancer or basal cell carcinoma); current or recent history (within 6 months) of significant 

atherosclerotic, hepatic, gastrointestinal, pulmonary, endocrine, or renal disease; and a recent 

history (within the past 12 months) or a strong potential for substance abuse. 

Clinic Visits 

Subjects visited the clinic at weeks -6, -5, and -1 (screening), at week 0 (baseline), and at weeks 

2, 5, and 6 (treatment) for assessments of vital signs, height (week -6 only) and weight, and a 

serum lipid profile [total, LDL, and high-density lipoprotein (HDL) cholesterol, and 

triglycerides]. Serum chemistry, hematology, and urinalysis panels were completed at week -5, 

and a urine pregnancy test (for women of childbearing potential) was performed at baseline 

(week 0). An electrocardiogram and a physical examination were performed at week -1. At 

week -6, subjects were instructed to follow their usual diets. At week -5, they were instructed on 
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the NCEP Step I diet. Compliance with this diet was reinforced at each subsequent visit. The 

Eating Pattern Assessment Tool (EPAT) (Peters 1994) was completed at weeks -6, 0, and 6, to 

aid in the assessment of dietary fat and saturated fat intakes during dietary counseling. Three-day 

diet records were dispensed at weeks -6, -1 and 5, and collected and analyzed at weeks -5,O, and 

6, respectively. Diet records were analyzed using the University of Minnesota Nutrition Data 

System for Research (NIX-R), version 4.03-3 1 software (2000). 

Subjects were randomized at baseline (week 0) to one of two double-blind treatments: food 

products that provided 1.8 g TOP and 2.8 g p-glucan per day and contained 13.0 g total fat and 

51 .O g saturated fat (TOP/P-glucan treatment) or similar food products that provided ~1 .O g p- 

glucan and no TOP (control). Assessments of concomitant medication use and adverse events 

were performed at each treatment visit (weeks 2, 5, and 6). 

Study Products 

Study products included a group of low-fat food products that contained TOP and p-glucan, or a 

control group of low-fat food products that provided a low dose of /3-glucan and did not contain 

TOP (Table 1). Food products for each treatment included a cereal, a snack bar, and a beverage. 

Subjects were instructed to consume one of each of these products daily, for a total of three doses 

of study product per day. 

Each product in the TOP/P-glucan treatment was formulated to be identical in taste and 

appearance to the same type of product (cereal, snack bar, or beverage) in the control. Study 

products were also similar in nutrient composition, with the primary differences being the 
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phytosterol and p-glucan contents. The group of TOP/P-glucan products provided 1.8 g TOP 

and 2.8 g j3-glucan per day. The group of control products provided cl.0 g p-glucan per day and 

no TOP. The source of p-glucan in the treatment cereal was whole grain rolled oats. The control 

cereal was primarily corn flakes with some whole grain rolled wheat and crisp rice. The p- 

glucan source in the treatment snack bar was whole grain rolled oats and oat bran concentrate. 

The control snack bar contained primarily crisp rice. 

The free TOP used in the TOP/P-glucan food products was supplied by ReducolTM (Novartis 

Consumer Health SA, Nyon, Switzerland, produced by Forbes Meditech, Vancouver, Canada). 

ReducolTM has a composition of 44% sitosterol, 25% sitostanol, 12% campesterol, and 6% 

campestanol. 

Laboratory Measurements 

Medical Research Laboratories (Highland Heights, KY) performed laboratory measurements 

including urinalyses and serum chemistry, hematology, and lipid profiles. Serum chemistry 

analysis was conducted on the Hitachi 747 (Roche Diagnostics, Indianapolis, IN) and serum 

. hematology testing utilized the Coulter STKS (Coulter Corporation, Miami, FL). Urinalyses 

were completed using the Clinitek Atlas (Bayer Diagnostics, Tarrytown, NY). 

Serum lipids were analyzed according to the Centers for Disease Control and Prevention 

standardized fasting serum lipid profile (Myers 1989). Cholesterol and triglycerides were 

measured enzymatically using the Hitachi 747 (Roche Diagnostics, Indianapolis, IN). Heparin 

and manganese chloride were used to isolate HDL cholesterol. Low-density lipoprotein 
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cholesterol was calculated using the Friedewald equation (LDL cholesterol = total cholesterol - 

HDL cholesterol - triglycerides/5) (Friedewald 1972). Since this equation is not valid when the 

triglyceride concentration is above 400 mg/dL, LDL cholesterol was not calculated under these 

circumstances. 

Statistical Analyses 

Statistical analyses were conducted using the SAS version 8.0 statistical analysis package (SAS 

Institute, Car-y, NC). Analyses are presented for an intent-to-treat sample. This sample includes 

all subjects who completed at least one post-randomization assessment of lipids after receiving at 

least one dose of study product. The last observations were carried forward to impute missing 

values. 

Baseline comparability of treatments for demographic, anthropometric, and lipid values was 

assessed by analysis of variance (ANOVA), chi-square tests, or other techniques as appropriate. 

Parametric and non-parametric analyses were used as required to compare treatments for 

responses. Analysis of variance models were generated to compare responses between groups 

for the following variables: LDL, total, and HDL cholesterol; triglycerides; and the ratio of LDL 

cholesterol to HDL cholesterol. For these analyses, screening, baseline, and end-of-study values 

were defined as averages of values collected at weeks -5 and -6, weeks -1 and 0, and weeks 5 and 

6, respectively. Differences between treatments in dietary intake were also assessed by ANOVA. 

Possible differences in the incidence of adverse events were measured with Fisher’s exact (2-tail) 

test. All tests for significance were performed at a=0.05, two-tailed. 
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Post hoc analyses were performed to assess the possible impact of the following factors on lipid 

responses to treatment: median baseline LDL cholesterol level (1154.5 vs. >154.5 mg/dL), 

median screening LDL cholesterol concentration (5155.8 vs. >155.8 mg/dL), the percentage of 

time that a fat source was consumed with the study product, and the median percentage of time 

that a fat source was consumed with the study product (535.4 vs. >35.4%). 
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RESULTS 

Subjects and Demographics 

Two-hundred and sixty-eight people were screened to identify the 112 subjects randomized. 

Seven (6.3%) of the randomized subjects dropped out of the study prior to completing the 

intervention period. Reasons reported for discontinuation of subjects in the TOP/P-glucan 

treatment included non-compliance with the protocol (n=l) and withdrawal of consent (n=l). 

Subjects who dropped out of the control did so due to non-compliance with the protocol (n=l), 

withdrawal of consent (n=2), and adverse events [rash on arm and groin, abdominal pain in lower 

left quadrant (n=l); angioedema, mouth swelling (n=l)] judged by the Investigator to be possibly 

or probably related to the study product. 

Demographic and baseline characteristics of subjects are shown in Table 2. Subjects in the 

TOP/P-glucan treatment were significantly older than those in the control (59.3 If: 1.4 vs. 55.2 + 

1 .l years, respectively; p=O.O28). There were no significant differences between treatments in 

sex, race, height, weight, BMI, or blood pressure. The approximate mean height and weight of 

subjects were 169 cm and 80 kg, respectively. Subjects had a mean BMI of -28 kgim2. Fifty- 

one percent of subjects in the TOP/P-glucan treatment were female as were 62% in the control. 

. The majority of subjects (-75%) were Non-Hispanic White. 

Mean compliance with study product consumption fo.r all three food products exceeded 98% for 

subjects in the TOP/P-glucan treatment and averaged 95% in the control. There were no 

significant differences between treatments in mean overall compliance with study product intake 

or for consumption of the cereal, snack bar, or beverage independently. 
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Dietary Analyses 

Results of three-day diet record analyses at screening, baseline, and the end-of-study are 

presented in Table 3. Study product intake was included in these analyses. Reported intakes of 

energy, carbohydrate, fat, saturated fatty acids, polyunsaturated fatty acids, monounsaturated fatty 

acids, and cholesterol were not significantly different between treatments at screening, baseline, 

or the end-of-study. The percent of energy from protein at screening was greater in the TOP/P- 

glucan treatment than in the control (17.9 ?I 0.5 vs. 16.4 + 0.6%; p=O.O26). Compared to the 

control, dietary fiber intake in the TOP/P-glucan treatment was greater at the end-of-study (16.8 

&- 1 .O vs. 2 1.6 + 1.1 g; p=O.O03). Likewise, reported consumption of soluble fiber at the end-of- 

study was greater in the TOP/P-glucan treatment (7.4 + 0.4 g) than in the control (5.1 + 0.3 g; 

p<O.OOl). 

Lipids 

There were no significant differences between treatments at screening or baseline in total, LDL, 

or HDL cholesterol concentrations; triglyceride levels; or the LDL/HDL cholesterol ratio. Mean 

LDL cholesterol levels at screening, baseline, and the end-of-study are presented in Figure 1. 

Subjects in both treatments entered the study with a mean LDL cholesterol level of -160 mg/dL. 

Mean LDL cholesterol concentration at the end-of-study was 6.3% lower in the TOP/P-glucan 

treatment than in the control (147.8 f 2.2 vs. 158.0 + 3.0 mg/dL; p=O.O07). 

Lipid concentrations at screening, percent changes from screening to baseline, and percent 
. . ‘- __. 

changes from screening to the end-of-study are presented in Table 4. There were no significant 
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differences between treatments in the percent change from screening to baseline for any of the 

lipid parameters. The LDL cholesterol response from screening to the end-of-study was 

significantly larger for subjects in the TOP/P-glucan treatment (-7.6 t- 1.1 O/o) than for those in the 

control (-0.6 + 1.3%; p<O.OOl). Likewise, the percent change from screening to the end-of-study 

for total cholesterol was significantly greater for subjects in the TOP/P-glucan treatment (-5.0 &I 

1.0%) than for those in the control (-0.1 I!I 1 .O%; p<O.OOl). There was also a significant 

difference between treatments in the percent change from screening to the end-of-study for the 

LDL/HDL cholesterol ratio (-4.15 + 1.23 vs. 4.26 !I 1.76 for TOP/P-glucan and control, 

respectively; p<O.OOl). There were no significant differences between treatments in the percent 

changes from screening to the end-of-study for HDL cholesterol or triglycerides. 

The LDL cholesterol response from baseline to the end-of-study was significantly larger in the 

TOP@-glucan treatment (-3.7 f 1.2%) than in the control (0.40 rt 1.5%; p=O.O13). Likewise, the 

percent change from baseline for total cholesterol was greater in the TOP/P-glucan treatment 

(-2.3 I!I 1.0 vs. 0.8 + 1.1% for control; p=O.O43). In addition, the LDL/‘HDL cholesterol ratio 

decreased from baseline by 1.8 t- 1.3% in the TOP/P-glucan treatment and increased by 4.8 + 

1.7% in the control (p=O.O03). There were no significant differences between treatments in the 

percent changes from baseline to the end-of-study for HDL cholesterol or triglycerides. 

Result ofpost hoc analyses did not provide evidence for significant interactions between 

treatment response and the following: median baseline LDL cholesterol level, median screening 
i 

LDL cholesterol level, the percentage of time that a fat source was consumed with the study 
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product, and the median percentage of time that a fat source was consumed with the study 

product. For this reason, these results are not reported. 

Safety 

With the exception of an increased incidence of rhinitis in the TOP/P-glucan treatment (17.5% 

vs. 7.3% for control; p=O.O26), there were no other statistically or clinically important differences 

between treatments in the incidence of adverse events overall or for any body system. All 

reported cases of rhinitis in the TOP/P-glucan treatment were considered mild in severity and 

judged by the Investigator to be unrelated to the study product. 
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DISCUSSION 

Results of this randomized, double-blind, controlled trial demonstrate that subjects with mild-to- 

moderate hypercholesterolemia can reduce their LDL and total cholesterol levels by 

incorporating a group of TOP and P-glucan-containing foods into a low-fat diet. In this study, all 

subjects followed a NCEP Step I diet. Fasting lipid levels of those who consumed a group of 

low-fat, low-saturated fat food products that provided 1.8 g TOP and 2.8 g p-glucan per day were 

compared to those of subjects who consumed similar food products that provided ~1 .O g /3- 

glucan per day and no TOP. Mean LDL and total cholesterol levels at the start of the study were 

essentially identical for each treatment. At the end of the study, there was a 6.3% difference 

between treatments in LDL cholesterol concentrations and a 5.4% difference in total cholesterol 

levels, both in favor of the TOP/P-glucan treatment. 

A lipid-lowering effect of the TOP and P-glucan-containing food products was found despite the 

low dietary cholesterol intakes of subjects at the end of this study (-2 13 vs. -264 mg at screening 

for both treatments). A diet low in cholesterol reduces the amount of cholesterol available in the 

gastrointestinal tract (Lichtenstein 1990). Since both phytosterols and p-glucan inhibit 

cholesterol absorption in the intestine (Ling 1995, Ikeda 1998, Davidson 1998), it is likely that 

the reduction in the amount of cholesterol available resulted in a decreased effect of the TOP and 
. 

p-glucan-containing food products. Even so, significant differences-between treatments in LDL 

and total cholesterol levels were still demonstrated. 

There is substantial evidence suggesting that sterol/stanol products and P-glucan-containing 

products are effective lipid-lowering agents (Weststrate 1998, Moghadasian 1999, Jones 1998, 

Altus #3298 
Draft Manuscript 10/29/01 

Confidential 



16 

Hendricks 1999, Hallikainen 2000, Jones 1999, Jones 1998, Maki 2001, Davidson 2001, Glore 

1994, Davidson 1998, Davidson 199 1, Ripsin Nicolosi Behall 1992, 1999, 1997). For this 

reason, we expected that our TOP and P-glucan-containing food products would reduce LDL and 

total cholesterol levels. Whether or not TOP and p-glucan had additive cholesterol-lowering 

effects in the present study is not known. The purpose of this study was not to determine the 

extent to which the individual components of treatment would affect serum lipid concentrations; 

rather, the purpose was to determine the lipid-altering effects of a specific group of food products 

that contain both TOP and p-glucan. Further research would be needed to determine the degree 

to which each treatment component affected LDL and total cholesterol levels. 

Roughly one-half of adults in the United States have elevated total cholesterol levels (Sempos 

1993). Based on the NCEP ATP II guidelines (population-based data are not available for the 

ATP III guidelines), each 5% reduction in LDL cholesterol in the population would decrease the 

number of people who qualify for drug therapy by 5 to 7 million (Sempos 1993, Expert Panel 

1993). Therefore, the 6.3% LDL cholesterol reduction produced by the TOP and p-glucan- 

containing food products in this study has important public health implications. 

The NCEP ATP III guidelines encourage the use of phytosterols and soluble fiber as therapeutic 

options to enhance LDL cholesterol-lowering (Expert Panel 2001). Therefore, it makes sense to 

identify specific food products that can be used as adjuncts to a low-fat diet. In the current study, 

the addition of the TOP and P-glucan-containing foods to the NCEP Step I diet doubled the lipid- 

lowering effect that resulted from the implementation of the low-fat diet alone. During the diet 

lead-in phase, LDL cholesterol levels in the TOP/P-glucan treatment decreased by 4.0%, from 
,- 
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160.5 mg/dL at screening to 154.1 mg/dL at baseline. When the TOP and P-glucan-containing 

products were added to the low-fat diet, LDL cholesterol was reduced by an additional 4.0% 

(from 154.1 to 147.8 mg/dL). 

As the food industry develops products for adjunctive cholesterol-lowering therapies, it is 

important that they keep the needs of consumers in focus. People are unlikely to consider a 

product for long-term use unless it tastes good and is practical to consume. The group of TOP 

and P-glucan-containing foods used in the present study included a cereal, a snack bar, and a 

beverage. Compliance with consumption of these products was at least 95%, suggesting that the 

taste of these products was acceptable and that they were easy to incorporate into a low-fat diet. 

Therefore, these products can be recommended to the public with the expectation that people will 

consider them for long-term use. 

In conclusion, the results of the present study provide evidence that consumption of a group of 

low-fat, TOP and p-glucan-containing foods is a useful adjunct in the dietary management of 

hypercholesterolemia. 
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Table 1. Nutrient Compositions of the TOP/P-Glucan and Control Food Products’ 

TOP/P-Ghan Food Products Control Food Products 

Dietary 
Component 

Energy, kcal 

CHO, g 

Protein, g 

Total Fat, g 

SF& g 

PWA, g 

-A, g 

Cholesterol, mg 

TOP2, g 

p-glucan, g 

Dietary Fiber, g 

Sodium, mg 

Snack Bar Cereal Beverage Total Snack Bar Cereal Beverage Total 

150.0 200.0 170.0 520.0 150.0 200.0 170.0 520.0 

29.0 42.0 43.0 114.0 32.0 47.0 43.0 122.0 

3.0 5.0 0.0 8.0 2.0 3.0 0.0 5.0 

3.0 3.0 0.0 6.0 2.5 1.0 0.0 3.5 

0.5 1.0 0.0 1.5 0.5 1.0 0.0 1.5 

0.5 0.5 0.0 1.0 0.0 0.0 0.0 0.0 

2.0 0.5 0.0 2.5 1.5 0.0 0.0 1.5 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.6 0.6 0.6 1.8 0.0 0.0 0.0 0.0 

1.3 1.5 0.0 2.8 0.3 0.5 0.0 0.8 

3.0 ,4.0 0.0 7.0 0.0 2.0 0.0 2.0 

105.0 260.0 10.0 375.0 180.0 410.0 10.0 600.0 

Altus #3298 
Draft Manuscript 1 O/29/0 1 

Confidential 



25 

*Nutrient information is given for one serving. One serving is equal to a 40 g snack bar, a 10 fluid oz beverage, or a 53 g serving of 

cereal. Subjects in each treatment consumed one serving of each of the three products per day. 

2Free TOP-supplied by ReducolTM (44% sitosterol, 25% sitostanol, 12% campesterol, and 6% campestanol). 

Abbreviations: TOP = tall oil-based phytosterols, CHO = carbohydrate, SFA = saturated fatty acids, PUFA = polyunsaturated fatty 

acids, MUFA = monounsaturated fatty acids. 
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Table 2. Demographic and Baseline Characteristics of Subjects 

Parameter 
TOP/P-Ghan 

Treatment Control 

Sex, n (%) 
Male 
Female 

28 (49) 21 (38) 
29 (51) 34 (62) 

Race, n (%) 
Non-Hispanic White 
Other 

45 (79) 40 (73) 
12 (21) 15 (27) 

Age, years, Mean z!z SEM 59.3 f 1.4” 55.2 zk 1.1 

Height, cm, Mean + SEM 169.7 & 1.5 169.4 t 1.2 

Weight, kg, Mean & SEM 79.4 -t 1.9 80.9 L- 2.0 

BMI, kg/m2, Mean + SEM 27.5 f 0.6 28.1 + 0.6 

Systolic BP, mm Hg, Mean IfI SEM 

Diastolic BP, mm Hg, Mean rt SEM 

*p=O.O28 vs. control 

122.8 AZ 2.1 120.2 f 1.9 

76.7 If: 1.2 76.0 f 1.0 

Abbreviations: TOP = tall oil-based phytosterols, SEM = standard error of the mean, BMI = body 

mass index, BP = blood pressure. 
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Table 3. Diet Record Analyses at Screening, Baseline, and End-of-Study, According to Treatment Assignment’ 

TOP/P-Glucan Treatment Control 

Mean z!z SEM Mean rt SEM 

Dietary Variable 

, Screening Baseline End-of-Study Screening Baseline End-of-Study 
(Week -5) (Week 0) (Week 6) (Week -5) (Week 0) (Week 6) 

Energy, kcal 1913.7 I!I 112.1 1805.7 + 63.7 

Total CHO, % energy 50.5 Ik 1.4 51.9 III 1.4 

Protein, % energy 17.9 & 0.5” 17.3 f 0.5 

Total Fat, % energy 31.6 f 1.2 30.5 I!I 1.1 

SFA, % energy 9.8 + 0.5 9.2 AI 0.4 

PUFA, % energy 6.5 310.3 6.6 I!I 0.3 

MUFA, % energy 12.5 + 0.5 12.0 f. 0.5 

Cholesterol, mg 262.0 t- 21.5 230.6 I!I 18.6 

Dietary Fiber, g 20.2 rt 1.2 19.2 f 1.1 

Soluble Fiber, g -6.7 I!I 0.4 6.7 3~ 0.4 

1959.3 f 74.6 

60.0 -t 1.3 

15.2 310.4 

25.8 I!I 1.0 

8.3 + 0.4 

5.5 I!I 0.3 

9.7 * 0.4 

216.0 rt 18.7 

21.6 rt 1.1” 

7.4 III 0.4” 

1873.5 f 93.6 1756.6 Itr 91.6 

51.1 + 1.3 

16.4 50.6 

32.5 I!I 1.1 

10.8 f 0.5 

6.4 f 0.3 

12.6 AI 0.5 

51.6 5 1.3 

16.9 Ifi 0.6 

31.8 I!Z 1.0 

10.3 ?I 0.6 

6.7 310.3 

12.2 rt 0.5 

265.3 4 24.0 

18.0* 1.3 

6.2 IL 0.4 

234.2 Z!I 19.1 

18.5 I!I 1.4 

6.4 + 0.4 

2015.5 III 86.0 

59.5 -I 1.0 

14.8 + 0.6 

27.0 Z!I 0.9 

9.2 + 0.4 

5.7 x!I 0.3 

9.9 It 0.4 

210.0 5 21.7 

16.8 Ih 1.0 

5.1 + 0.3 

‘Reported study product intake was included in the analysis. 
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*p<O.O5 vs. control at this visit (screening, baseline, or end-of-study) 

Abbreviations: TOP = tall oil-based phytosterols, SFA = saturated fatty acids, PUFA = polyunsaturated fatty acids, MUFA = 

monounsaturated fatty acids, CHO = carbohydrate. 
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Table 4. Lipid Concentrations at Screening, Percent Changes (A) from Screening to Baseline, 

and Percent Changes from Screening to End-of-Study, According to Treatment Assignment”2 

Lipid Parameters & Week of Study 
TOP@-Glucan 

Treatment 
(n = 57) 

Control 
(n = 55) 

LDL Cholesterol (mg/dL) 
Screening 
% A from screening to baseline 
% A from screening to end-of-study 

160.5 Z!I 2.3 159.6 + 2.9 
-3.7 rt 1.0 -0.3 Ii 1.5 
-7.6 III l.l* -0.6 Z!I 1.3 

Total Cholesterol (mg/dL) 
Screening 
% A from screening to baseline 
% A from screening to end-of-study 

242.0 I!I 3.2 243.2 f 3.5 
-2.6 310.8 -0.5 IL 1.1 
-5.0 I 1.0” -0.1 f 1.0 

HDL Cholesterol (mg/dL) 
Screening 
% A from screening to baseline 
% A from screening to end-of-study 

54.0 Ik 1.7 56.0 I!I 1.9 
-1.4 + 1.0 0.0 IL 1.0 
-3.2 I!I 1.2 -3.9 2 1.3 

Triglycerides (mg/dL) 
Screening 
% A from screening to baseline 
% A from screening to end-of-study 

133.5 (53.0,240.5) 125.5 (46.5,258.5) 
2.3 (-36.4,51.6) -1.1 (-45.7,61.6) 
6.1 (-37.8,74.5) 11.1 (-31.2, 116.9) 

LDL-UHDL-C 
Screening 
% A from screening to baseline 
% A from screening to end-of-study 

3.14 ?I 0.10 3.03 AI 0.11 
-1.94 + 1.26 0.15 rt 1.61 
-4.15 I!I 1.23* 4.26 rt 1.76 

‘Mean + SEM for all 1‘ ‘d rpr parameters except triglycerides. Triglycerides are median (minimum, 

maximum). 

2Screening = average of values at weeks -6 and -5, baseline = average of values at weeks -1 and 

0, end-of-study = average of values at weeks 5 and 6. 

*p<O.OOl vs. control 
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Figure Legend 

Figure 1, LDL cholesterol levels at screening, baseline, and end-of-study, according to treatment 

assignment. Screening is the average of values at weeks -6 and -5, baseline is the average of 

values weeks -1 and 0, and end-of-study is the average of values at weeks 5 and 6. 

Abbreviations: LDL = low-density lipoprotein, TOP = tall oil-based phytosterols. 
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Figure 1. 
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Oat Products and Lipid Lowering 
A Meta-analysis 
Cynthia M. Ripsin, MS, MPH; Joseph M. Keenan, MD: David R. Jacobs, Jr, PhD; Patricia J. Elmer, PhD; 

Robert R. Welch, PhD; Linda Van Horn, PhD, RD; Kiang Liu, PhD; Wilfred H. Turnbull, PhD; Forrest W. Thye, PhD; 

Mark Kestin, PhD, MPH; Maren Hegsted, PhD; Dennis M. Davidson, MD; Michael H. Davidson, MD; 

Lynn D. Dugan, MS, RD; Wendy Demark-Wahnefried, PhD, RD; Stephanie Beling, MD 

Objectives.-To test the a priori hypothesis that consumption of oats will lower 
the blood total cholesterol level and to assess modifiers a&confounders of this .._,. . ..I ,_ 
association. 

Data Sources.-A computerized literature (MEDLINE) search and the Quaker 
Oats Co identified published and unpublished trials as of March 1991. Raw data 
were requested for all trials. 

Study Selection.-Trials were included in summaryeffect size estimates if they 
were randomized and controlled, if a formal assessment of diet and body weight 
changes occurred, and, if raw data were not received, if there was enough infor- 
mation in the published report to perform calculations. 

Data Synthesis.-Twenty trials were identified. Using the methods of DerSimo- 
nian and Laird, a summary effect size for change in blood total cholesterol level of 
-0.13 mmol/L (-5.9 mg/dL) (95% confidence interval [Cl], -0.19 to -0.017 
mmol/L t-8.4 to -3.3 mg/dL]) was calculated for the 10 trials meeting the inclusion 
criteria. The summary effect size for trials using wheat control groups was -0.11 
mmol/L (-4.4 mg/dL) (95% Cl, -0.21 to -0.01 mmoi/L I-8.3 to -0.38 mg/dL]). 
Calculation of Keys scores demonstrated that substituting carbohydrates for dietary 
fats and cholesterol did not account for the majority of blood cholesterol reduction. 
Larger reductions were seen in trials in which subjects had initially higher blood 
cholesterol levels (25.9 mmol/L [s229 mg/dL]), particularly when a dose of 3 g or 
more of soluble fiber was employed. 

Conclusion.-This analysis supports the hypothesis that incorporating oat 
products into the diet causes a modest reduction in blood cholesterol.level. 

(JAMA. 1992$67:3317-3325) 
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IN 1963, DeGroot and colleagues’ were 
the first to report that the addition of an 
oat product to the diet of humans re- 
sulted in lowered blood cholesterol lev- 
els. In that trial, 21 male volunteers sub- 
stituted for the usual bread in their diet 
bread containing 140 g of oatmeal. At 
the end of 3 weeks, the blood total cho- 
lesterol level was redficed 11%. Since 
that time a substantial amount of re- 
search has accumulated; both metabolic 
ward studies and trials of free-living sub- 
jects have been conducted in an attempt 
to determine whether oats do have an 
effect on blood lipid levels. 

Anderson and colleagues2-5 have pub- 
lished the results of several uncontrolled 
metabolic ward trials and have demon- 
strated total,cholesterol reductions from 
13% to 26%. They have also published a 
controlled metabolic ward study com- 

paring oat bran with wheat bran and 
demonstrated a net total cholesterol re- 
duction of 9% for the oat bran group.6 
Although many metabolic ward studies 
have shown rather impressive lipid re- 
ductions,1”d trials of free-living subjects 
have reported considerably more vari- 
ability in lipid response.7-B A few have 
demonstrated virtually no benefit,‘2J3 
while others have shown reductions 
greater than lo%.” 

At least some of the variability can be 
accounted for by differences in study sub- 
jects and protocols. Various oat prepara- 
tions have been used, including cereals, 
muffins, breads, and entrees. Some trials 
have employed oat bran as the interven- 
tion while others have used oatmeal, and 
doses have differed from trial to trial. 
Some have enrolled an all-male cohort of 
subjects and others have used various 
combinations of younger and older men 
and women. The initial serum cholesterol 
level of subjects also has varied from trial 
to trial, with some including normocho- 
lesterolemic subjects and others enroll- 
ing only those with hypercholester- 
olemia. With all of the differences be- 
tween trials, it is difficult, by qualitative 
inspection alone, to sift through the infor- 
mation and understand the factors that 
might account for the variability of the se- 
rum lipid response to oats. 

In a recent oat bran trial completed by 
Keenan et al,‘O post hoc analysis of the 
data revealed that subjects’ lipid re- 
sponses appeared to vary by age and gen- 
der. Young women had virtually no re- . 
sponse to oat bran, while older women 
showedamarkeddropincholesterollevel 
(- 0.37 mmol/L [ - 14.5 mg/dL]); younger 
and older men had .intermediate re- 
sponses. It is known that lipid levelsdiffer 
according to gender and menopausal sta- 
tus, and there is evidence that suggests 
that bowel transit times differ ac:ording _^..~, y_j _/, 
to gender and menopausal status as 
well.% In addition, at least three oat prod- 
uct trials have demonstrated a relation- 
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ship between the initial blood cholesterol 
levels of subjects and subsequent reduc- 
tion in cholesterol level attributed to the 
oat product.“lOTherefore, it is plausible to 
suggest that age and gender as well as ini- 
tial cholesterol level could be playing a 
role in the variability of lipid response, 
This me&analysis formally summarizes 
the oat product literature of clinical trials 
of free-living subjects, with attention to 
whether blood cholesterol response var- 
ies by age, gender, dose and/or initial 
blood cholesterol level. 

METHODS 
Design of the Meta-analysis 

A computerized literature (MED- 
LINE) search was conducted to identify 
all published oat product trials as of 
March 1991. In addition, a list of all known 
investigators of the lipid-oats association 
(regardless of funding source) was sup- 
plied,by the Quaker Oats Co (Barrington, 
Ill). From this list unpublished trials were 
solicited and, when possible, included to 
maximize the database and reduce the 
possibility of publication bias. Letters 
were sent to all investigators, describing 
the proposal and inviting collaboration in 
the effort. Collaborators were requested 
to provide certain aspects of their raw 
data (lipid values, some dietary variables, 
body weight, age, and gender) as well as 
thorough descriptions of their study pro- 
tocols. The response was very positive; of 
the 20 trials initially identified (12 pub- 
lished, five abstracts, three unpublished), 
raw data were received for 14 trials, for a 
response rate of 70%. For one of the three 
unpublished trials, no information could 
be obtained and the investigator declined 
to collaborate, so 19 trials were reviewed 
for this meta-analysis. The following are 
the a priori hypotheses: 

l Oat products act as a lipid-lowering 
agent in human subjects, reducing the 
blood total cholesterol level and its low- 
density lipoprotein (LDL) component. 

l A dose-response relationship exists 
between the amount of oat product con- 
sumed and the degree to which blood lipid 
levels are reduced. 

l Subjects with high initial total cho- 
lesterol levels will demonstrate greater 
reductions in total cholesterol levels than 
will those with lower initial total choles- 
terol levels. 

l The variables age and gender modify 
the response of total cholesterol levels- 
older women will demonstrate a greater 
reduction than all other age-gender sub- 
groups. 

It was necessary to receive the raw 
data from each trial to test the last hy- 
pothesis, since most published reports did 
not provide an age-gender breakdown of 
results. In oat product trials that mea- 

sured changes in lipoprotein fractions, 
LDL was the fraction of total cholesterol 
shown to be most affected by oat prod- 
ucts; changes in high-density lipoprotein 
and triglyceride levels were minimal or 
absent.7-‘2~~ Although LDL would be 
the preferred lipid variable for use in de- 
terminingintervention effects, not all the 
trials measured LDL levels; therefore, 
the total cholesterol level was used as the 
lipid variable of primary interest. 

All 19 trials were reviewed and sum- 
marized. However, to be included in the 
primary calculation of the summary ef- 
fect size, trials needed to meet the follow- 
ing a priori criteria: 

l Trials had to have been controlled 
and randomized. Without a control group, 
there is no way to estimate any change in 
blood lipid levels that is occurring inde- 
pendent of the effect of the intervention. 

l If a comparison product was used, it 
had to have been one with very low or no 
soluble fiber (eg, wheat bran). 

l If a trial tested the intervention 
against a special background diet (eg, a 
low-fat, low-cholesterol diet), there had to 
have been a sufficient lead-in period (a 
minimum of 4 weeks for change to a low- 
fat, low-cholesterol diei?) so that the ef- 
fects of the special diet on the change in 
blood lipid levels during the oat product 
intervention could reasonably be as- 
sumed to be negligible. 

l All trials had to have made a formal 
assessment of dietary behavior and body 
weight changes in treated and control 
subjects. 

l If investigators did not submit their 
raw data for analysis, the published re- 
port had to have an adequate description 
of design and the necessary information 
to calculate the appropriate effect size 
and associated SE. 

l Crossover trials were analyzed in 
the primary analysis as parallel.design 
trials when the raw data were available, 
using the information from just the first 
phase. This was done to avoid any prob- 
lems with order effects (ie, group-by- 
phase interaction). 

Because these criteria are somewhat 
subjective, the summary effect size was 
recalculated in several ways that allowed 
for the inclusion of trials without a lead-in 
diet phase and for including the results 
(by pooling) from both phases of crossover 
trials. The results were then compared. 

To determine whether using the re- 
sults of one treatment group to create 
multiple effect sizes by comparison with 
multiple control groups (from the same 
trial) had artificially decreased the 
amount of heterogeneity of the assem- 
bled effect sizes, the summary effect size 
was calculated using the information 
from multiple comparisons and then 
again after eliminating duplicate use of 

the same treatment group from Keenan 
et al (excluding the American Heart As- 
sociation step 1 [AHA-l] diet-only com- 
parison),‘O Beling (unpublished results, 
1991, excluding the comparison with the 
no-diet group), and O’Brien et al (exclud- 
ing the special diet only comparison),16 
and the results were compared. 

When sufficient dietary data were in- 
cluded in the published report, Keys 
scores were calculated to determine 
whether the reduction in total cholesterol 
level could be attributed to dietary 
changes other than the inclusion of oats in 
the diet. Keys scores are calculated using 
the changes in saturated fatty acids, poly- 
unsaturated fatty acids, dietary choles- 
terol, and energy intake to determine 
whether the diet has changed from pre- 
intervention to postintervention and to 
determine the degree to which any di- 
etary change could have affected the 
blood total cholesterol level.%3 For the 
subset of trials for which Keys scores 
could be calculated, an adjusted individ- 
ual effect size was computed for each trial 
by subtracting expected (estimated by 
Keys scores) from observed reductions in 
the total cholesterol level. A new sum- 
mary effect size was then calculated by 
substituting the adjusted individual ef- 
fect sizes into the DerSiionian and 
Laird= calculations described below. 

The preliminary cholesterol level is the 
mean total cholesterol level in the oat- 
treated group just prior to the interven- 
tion phase. For trials in which a lead-in 
diet period preceded the intervention 
phase, the preliminary total cholesterol 
level is the value at the end of the lead-in 
period. 

Soluble fiber (m grams) is used as the 
variable to represent dose when evaluat- 
ing the existence of a dose-response rela- 
tionship between oats and lipid reduction. 

To assess the presence of age-gender 
interaction, only those trials that had en- 
rolled subjects of both older and younger 
ages as well as men and women are in- 
cluded. The dichotomous age variable 
(~50 vs ~50 years) is constructed as in 
the oat product trial that reported the 
age-gender interaction.1° As such, it is a 
surrogate variable for menopausal status 
in women. Individual effect sizes are cre- 
ated for each age-gender subgroup 
within a trial (ie, each trial yielded four ef- 
fect sizes), and linear regression methods 
were used to determine whether age and 
gender or their interaction could predict 
effect size. As a second look at the age- 
gender hypothesis, individual regression 
models were run on each trial for which 
raw data were available. 

Statistical Methods 
To calculate the net mean change in to- 

tal cholesterol level (individual study ef- 
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feet size) during the intervention phase of 
each trial, the mean change in total cho- 
lesterol level for the control subjects was 
subtracted from the mean change for the 
treated subjects. A negative effect size 
indicates a reduction during the interven- 
tion phase. The variance was calculated 
as follows: 

7 VES)=s*Wn~ti) + (l&,Jl, 
where V is the variance of the effect size 
(ES); s, the pooled SD of the change in to- 
tal cholesterol level for the treated and 
control groups; and n, the sample size. 

DerSimonian and Lair-da3 proposed a 
method for calculating the summary ef- 
fect size of trials assembled for a meta- 
analysis, and their technique was used 
here. Briefly, the assumption underlying 
their technique is that the estimates of 
treatment effect (individual effect sizes) 
are normally distributed. The null hy- 
pothesis of a lack of heterogeneity (as- 
sessed by the use of ax2 distribution) tests 
whether the variability between the ef- 
fect sizes exceeds the variability within 
each effect size. This method allows for 
the creation of a correction factor (to be 
incorporated into the SE) that reflects 
the degree of heterogeneity between the 
effect sizes. As heterogeneity increases, 
the corrected SE increases and, conse- 
quently, confidence intervals (CIs) eon- 
strutted about the final summary effect 
size widen. Correction for heterogeneity 
is made whether or not the x2 value for 
heterogeneity is statistically significant. 

Linear regression analyses were per- 
formed using the general linear models 
(GLM) procedure of the SAS prograrn30 
The dependent variable is the individual 
effect size in millimoles per liter, and all 
models are weighted using the inverse of 
the variance of each effect size. This 
method is analogous to that of DerSimo- 
nian and Laird,% except that it is possible 
for the variance correction factor to be 
negative using linear regression methods. 

RESULTS 
Qualitative Review 

Trials Excluded From the Summary 
Effect Size Calculations.-Table 1 de- 
scribes trials that were not included in the 
calculation of the summary effect size. In 
all, seven trials were excluded com- 
pletely. Four of these (F.W.T., unpub- 
lished results, 1991)‘4J7Jg did not employ 
control subjects with respect to the oat 
product. In the trial of Thye, controls 
were used, but this trial tested a combi- 
nation of exercise and oat products 
against exercise and no oat products, so 
the controls were deemed inadequate for 
the meta-analysis. In the trial of Hegsted 
et al,‘7rice bran and oat bran were tested 
independently; no other control was used. 

Table 1 .-Trials Not Included in Summary Effect Size Estimates 

No. of Reason for 
Source, y Subjects Intervention* Resultst Exclusion 

b’Kel1 and Duston.‘J 45 Dry, uncooked oats: No significant difference No final mean values given; 
1988 % cup for men, between “on oats” and final No of subjects not 

73 cup for women “off oats” periods given; no discussion of sta- 
tistical methods; no diet or 
body weight data provided 

Hegsted et .I,“$ 11 OB, 100 g; OB and RB each lowered No normal diet control; only 
1989 RB, 100 g cholesterol level by 7% comparisons were between 

OB and RB 
Starch et al,lB 1984 12 OB, 53 g; Authors claim a 12% re- Abstract only; insufficient 

WB, 53 g duction in total choles- data to calculate effect size 
terol level; afler correc- 
tion for control group’s 
change, net decrease 
was 7% 

Welch et al,js 1990$ 12 OB, 90 g Mean change, -0.40 Uncontrolled 
mmol/L (-16 mg/dL); 
significantly different 
from baseline 

Stewart and 
Welch,” 19903 

15 OM, 78 g Mean change, -0.10 Uncontrolled 
mmol/L (-4 mg/dL); 
not significantly different 
from baseline 

Thye, 1991$$ 12 OB, 100 g -0.27zO.51 mmot/L No control group for oat prod- 
(-lo?20 mgldl) ucts: the exercise intetven- 

10 OM, 100 g -0.66-cO.46 mmol/L tion was controlled 

(-26~18 mg/dL) 
Reynolds et al,” 43 84 g of cereal con- Net change, Abstract only; insufficient 

1989 taining 24 g of OB; -0.26 mmol/L data to calculate effect size 
84 g of corn flakes (-10 mg/dL) 

gas indicates iat bran:‘k‘sr;ie ‘bra;T gj. ~~eat”b~~~i”~~d~o~~~~~~~a,~ ,. .I .- _“_ ̂ _ -,I ̂  i-. ,..) ,.- - ,.,“(\ 

tThese results are changes demonstrated by treated subjects; they do not take into account changes in contml sub- 
jects, since these trials are either uncontrolled or have not published enough information to calculate a net effect size. 

*flaw data were received. 
§Unpublished results. 

Three other trials13J8~ were excluded be- 
cause there was inadequate information 
available in the published report to calcu- 
late an individual effect size. The trials of 
Starch et all* and Reynolds et aP other- 
wise met the inclusion criteria. The trial 
of O’Kell and DustorP did not indicate 
that any formal diet or body weight as- 
sessment was performed, so it is ques- 
tionable whether this trial would have 
been used even if sufficient information 
had been available. 

Two additional trials, included at the 
bottom of Table 2 (Demark-Wahnefried 
et all5 and O’Brien et al?, did not meet the 

Eight trials utilized a parallel design 
(S.B.,unpublishedresults, 1991),7-g~11~1521p 
three used a2x2 oat bran and wheat bran 
crossover design,‘0J2p and one used a 3 X 3 
desigr? that tested oat bran, rice bran, 
and wheat bran. Two trials measured 
changes in apolipoprotein A-I and B lev- 
els in addition to measuring changes in to- 
tal cholesterol and LDL 1evels.m The 
duration of treatment phases ranged 
fyoq 18 days to 12 weeks, and 10 to 137 
subjects were enrolled in each treatment 
or control group. The majority of the tri- 
als assessed diet by use of a 3- or I-day 
written food record. 

more rigorous criteria but met the broad- 
ened criteria. Conseauentlv. thev were Quantitative Analysis 
excluded from the f&t summar$ effect Calculation of the Summary Effect 
size calculation, when the a priori criteria Size.-The first calculations yielded a sum- 
were rigorously enforced, and included in mary effect size of -0.15 rnmOl/L (-5.9 
a second calculation, when the broadened mg/dL) (SE, 0.03 mmol/L Il.3 mg/dLI) 
criteria were used. with a 95% CI of -0.22 to -0.09 mmol/L 

Trials Included in the Summary Ef- (- 8.4 to - 3.3 mg/dL). The heterogeneity 
feet Size Calculations.-Table 2 de- of the assembled effect sizes was not $.a:. __ tisti.y signis&i ~(~~~~&-$j--fo)~ 
scribes the trials included in the calcula- 
tion of the summary effect size. A total of When the broadened inclusion criteria 
10 trials (S.B., unpublished results, were employed, all trials in Table 2 were 
1991)7-m1-23 met the a priori inclusion cri- included, and the results from the second 
teria: they generated 19 individual effect phases of the crossover trials of Keenan 
sizes because some single trials included et allo and Turnbull and LeedP* were 
multiple treatment groups. When the tri- also included (the diet-only comparison of 
als of Demark-Wahnefried et alI5 and the trial of Keenan et allo was excluded, so 
O’Brien et all6 were included, 22 individ- this was analyzed strictly as a crossover 
ual effect sizes were available for the trial). The summary effect size (for the 22 
summary effect size calculation. Subjects individual effect sizes) was -0.13 mmol/L 
ranged in age from 20 to 73 years old. (-5.1 mg/dL> (SE, 0.03 mmol/L 
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Table P.-Trials Included in the 

Source, y 
Van Horn et al.’ 1966** 

Study Design 
‘,. ., 

Parallel, 6-wk phase 

Yijunger Women/ Intervention$ 
Older Women, %t Background Diet (No. of Subjects) 

/. s37, ,7i,$fg ,.) ,, _, _<.. j .~xHA-i’:‘grwk”Tead7h.” _..* _* “RCIAz,. .$ 08, 57 f(s9yj’i”” ,. -.i ‘ ._ .__ 

AHA- + OM, 57 g (69)b .- 

AHA- diet only (70) 
Van Horn et aL8 1988** Parallel, 6-wk phase 33/4/43/26 

..‘/__ ,),.~ AH~;, , a;v(rp ieadlifi ,AoAq 7 ‘bM, +yT (, ,3y; _- . - 

Van Horn et al,9 1991** 
Davidson et al.” 1991** 

Parallel, 6-wk phase 

Parallel, 6-wk phase, 
6-wk follow-up 

AHA- diet only (123) 
33/17l33/1? 

/ fi7- Usual 
27/32!9/32 AHAll, 6-wk lead-in ddi + ‘06, 28 g (23~ ^ 

19/52/l o/i 9 AkA-1, “8-‘~Ci&jT[l-in “-. ‘A&.1 .~ bB,.si s(~o), / ,- 

14/41/g/36 AHA-I. 8-wk lead-in AHA- + 05. 84 s’(21)Q - 

‘30/10/15/45 AHA-1. 8-wk lead-in AHA- f OM. 28 o 120)” 

G~;;I Davidson,” Parallel, 4-wk phase 

19/4815/29 AHA-1, 8-wk lead-in 
25/20/25/30 AHA-1, 6-wk lead-in 

50/0/50/o Usual 

- ~I,-., 
AHA- + OM. 57 g (21)’ 
AHA- + OM, @ g 120)’ 
AHA- + WB. 28 g (15) 

oe, 34 g (19)k 
Half OB (17 01. half WB 117 a) (281’ 

Keenan et al,‘O 
1991**tt 

Kestin et al,22 1990**tt 

Turnbull and Leeds 23z5 
1969 and 1967+ 

Swain et aLI 1990$$ 

. WI. ~ -.. I 

WB, 34 g (25) 
Crossover with concur- 35/32/12/21 AHA?. 6.%k lead-in AHA- + 06. 57 g; AHA- + WB, 

rent diet controls, 57 g (75 [total for crossover])m; 
6-wk phases AHA- diet only (67) 

3x3 crossover iesting 67/33/O/O Low fiber, 3-&k lead-in 06.95 b (8~[p8rell&])@: WE, 38 g 
08. RB, and WB: (6 [parallel]); FIB, 60 g (24 [total 
three 4-wk phases 3X3 design]) 

Crossover; 4-wk phases 13/38/25/25 Low fat, 4-wk lead-in Low”fat + OM. 150 gp; ioh fat + 
Wheatabix. 150 g (17 [total]) 

Crossover; 6-wk 20/0/60/0 Usual, 1-wk control OB, 100 sq; WB, 100 g (2O’[iotal]) 

Beling. 1991 **!$I 

Demark-Wahnefried 
et al,‘s 199O**lll/~~ 

phases, 2-wk washout 
Paialfel, 4-wk phase 

Parallel, 12-wk phase 

43R9/13/16 

36/l a/20/26 

period 
‘~~Aw~f~ ‘4-&( I&d-in 

LFLC br us&l, 
no lead-in 

AHA-I %” OB, 40 g [ri#); AHA- 
diet only (137)‘; control (no diet, 
no 06) (91) 

LFLC only (15); LFLC+OB,.50-g (18)‘; 
usual diet + 06. 50 g (15): usual 
diet + processed 08, 42.5 g (20) 

O’Brien et al,‘@ 
19851111 

Parallel, 16-day 
phase 

## ‘_ High complex carbohy- 
drate, high fiber, 

Special diet + OB. 50 g (1.5)“: 
special diet + WB, 50 g (15)‘; ,.,, 

3-day lead-in special diet only (15) 

‘AHA- 

tYounoer men and women are those less than 50 “ears of aoe: older men end women are those 50 Years of aoe or older. 
i%s&erscript lowercase letters indicate corr&p&dences %h Fig 1. 
§Soluble fiber values are estimates in many trials. The values from the Nutrition Coding Center of the University of Minnesota are 2 g of soluble fiber in 28 g of 08 and 1 g of 

soluble fiber in 26 g of OM. 
\[These values are the means of the cholesterol levels of oat-treated subjects after the lead-in diet phase and before the intervention phase. 
vhese values are pooled SDS of the oat and control groups. 
#Confidence intervals were constructed using the methods of DerSimonian and Laird.28 

[I.12 mg/ dL]) with a 95% CI of -0.19 to 
-0.07 mmol/L (-7.3 to -2.9 mg/dL). The 
heterogeneity of these effect size esti- 
mates was not statistically significant 
(x2=25.8, P=.20). 

Keys Scores.-Table 3 provides Keys 
scores generated for the trials that had 
included diet ‘data in published re- 
port~.~-‘~J~ Using each arm of these tri- 
als as the unit of observation, the cor- 
relation between the observed change 
in total cholesterol level and the expected 
change as determined by Keys scores 
was .63 (P=.OOl). 

The vast majority of the oat-treated 
groups demonstrated g-reater-than- 
predicted reductions in mean total choles- 
terol level. In the trial of Swain et a1,12 
Keys scores for both the oat- and wheat- 
treated groups were almost identical; the 
observed reduction in total cholesterol 
level for the oat period was slightly less 

(0.05 mmol/L, [1.9 mg/dL]) than predicted 
by Keys scores. In the trial of Davidson et 
al I1 the 57-g oatmeal group demon- 
stkated just a slight reduction in total cho- 
lesterol level beyond that predicted; this 
is an exception to t,he general trend dem- 
onstr$ed by the other five oat-treated 
groups $-I this trial that the reduction in 
total cholesterol level wa+ f.q greater 
than predicted by the Keys scores. 

For this subset7-1*~15 of 13 individual ef- 
fect sizes for which Keys scores were cal- 
culated, the summary effect size before 
any adjustment for expected changes in 
total cholesterol level was -0.17 mmol/L 
(-6.5 mg/dL), with a 95% CI of -0.25 to 
-0.09 mmol/L (-3.5 to -9.7 mg/dL) and 
an SE of 0.04 mmol/L (1.6 mg/dL). The 
summary effect size after adjustment for 
expected changes in total cholesterol 
level (estimated by Keys scores) was 
-0.18 mmol/L (-6.8 mg/dL), with a 95% 

CI of -0.31 to -0.05 (-12 to -2 mg/dL) 
and an SE of 0.06 mmol/L (2.5 mg/dL). 
The x2 values for heterogeneity between 
the individual effect sizes were 10.8 and 
46 before and after adjustment, r&pee- 
tively; the latter value indicates Statisti; 
tally significant between-effect size het- 
erogeneity (R.005). 

Predictor Variables 
The preliminary total cholesterol level 

for each trial was highly predictive of the 
subsequent reduction in total cholesterol 
level. Z&0.46; the reduction in effect size 
per unit of preliminary total cholesterol 
was -0.14 (SE, 0.037, P=.OOl). 

Neither age nor gender nor their in- 
teraction term demonstrated an ability to 
predict subsequent response to oats. The 
mean of the effect sizes for the four sub- 
groups were: young men, -0.2520.29 
mmol/L (-9.8211.2 mg/dL); older men, 
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Final Effect Size Estimate* 

* Estimated Soluble 
Fiber in 

Intervention, g§ 
Al 

_ .“,.,._ I. -,_ 
Preintervention Mean 1: ; 

-.. - _ ..~ .“.. . * - ‘ h ,. l. . I . . . _ I _I .., -, 
Ser”m. eC,eSiiig.“, ._ - ^,. ,_ -. ” .*w,. “%., i . ,, 

“- 95% C&d&e InterGal,# 
Level,11 mmol/L (mg/dL) Effect Size,fl mmol/L (mg/dL) mmoWL.(mgldL) 

5:l ii961 ’ Lg.i’izo.45 f-4.2&17.4) -” ho.26 to 064 i-1 6.0 tbi .Gj . 

2.2 5.0 (193) -0.08~0:48 (-3.2i18.4) -0.20 to 0.04 (-7.9 to 1.5) 

2.2 6.6 (254) -0.32f0.50 (-12.3r19.5) -0.55 to -0.09 (-21.2 to -3.5) 

2.0 7.0 (269) -0.25ZO.74 (-9.8-+28.7) -0.79 to 0.28 (-30.5 to 10.9) 
4.1 6.9 (266) -0.7O-tO.68 (-27.02-2626.2) -1.2‘to -0.22 (-45:6’to -8.5) 
6.1 6.9 (265) -0.51?0.59 (-19.6%22%) -. -0.67 to -&‘I&(-33.6 to 25.6’) 
1.1 6.8 (264) --0.29+0.65 (-i1.3?25.0) -0.73 to O.i5 (-28.3 to 5.7) 

2.2 6.9 (265) -0.23~0.70 (-8.is27.1) . -O.?3‘ti, 0.28’(-28.i to 10.7) 

3.2 7.1 (275)’ -0,56~0:69.(-~-ii:i~iE). .” -,,, td4,u6 (.,*‘to-z214) ‘ 
“.,. _ 

2.5 4.6 (179) -0.251tO.40 (-9.6zY5.6) XI.50 to 0.00 (-19.4 to 0.24) 

1.2 4.7 (183) +0.01‘~0.47 (0.%7-tlE.i2) 
I, 

a.24 td 0.28 (‘9:5 to 70.6) 

3.1 5.9 (229) 

5.8 5.6 (223) 

06 vs wB: -0.1-i ~0.54 
(-4.2220.9); OB vs diet only: 
-0.32+0.66 (-12.3225.7) 

-0.27?0.51 (-10.4219.7) 

OB va WB: -0.4 to 0.14 
(-13.9 to 5.5): OB vs diet only: 
-0.59 to -0.04 (-23.0 to -1.5) 

-0.86 to 0.32 (-33.1 to 12.2) 

6.0 6.3 (243) -0.291tO.61 (-11.3~23.6) -0.92 to 0.34 (-35.7 to 13.2) 

5.8 4.8 (186) -0.03io.41 (-l-ti5.9) -0.21 to 0.18 (-8.0 to 7.0) 

2.9 5.5 (212) 

3.6 7.2 (278) 

OB vs AHA-1: +.09&59 OB vs AHA-1: -0.23 to O:d6 
(-3.33-22.7); OB vs no diet, (-8.9 to 2.3); OB vs no diet, no 
no OB: 0.00=0.52 (+0.13=20.2) OB: -0.14 to 0.15 (-5.4 to 5.7) 

._,,,_ _“-~ _)~ ., ., -.l.__-l-.l ,L._ yI._ 
LFLC vs LFL%+OB, 50 g: +0.21ZO.79 

j ‘.LFic Fi~cFLcioB; 56.~:’ 

1+8.3130.4): uncontrolled ChanoeS: -0.36 to 0.79 (-13.8 to 30.4) 
iFLc: -1.2 j+), LFLC+OB, 56 g: 
-1 .l (-41), usual diet+OB, 50 g: 
4.92 (-35.61, usual diet + pro- 
cessed 08. b2.5 g: -0.73 c-28) 

08 vs WB: -O.iE?i .I (-16.iZ41.7);; 
OB vs diet only: -0.12+0.82 
LA =.+7, 6, 

7.6 7.1 (276) OB,vs’WB: -I’.1 to 0.53 
(Al .9 to 20.5); 06 vs diet only: 
-0.73 to 0.49 f-28.1 to 19.1) 

**Raw data were received. 
ttThese studies were analyzed as parallel-design trials: statistics in this table ware calculated using parallel-design methods. 
**Raw data were not available; this study was analyzed as a crossover trial in all calculations. The authors stated that no group-by-phase interaction existed. 
g§Unpublished results, 1991. 
II((Data from these studies are included in the second of two summary effect sizes mentioned in the text (see the “Results” section to! details).’ 
YnOf the three treatment groups, the effect size could be calculated.only for LFLC vs LFLC + OB, 50 g; the other two treatment groups did not have comparable 

control groups. 
##One third of the subjects were women; no age breakdown was provided. 

-0.3120.35mmol/L(-12.0+13.7mg/dL); 
young women, -0.21+-O&l mmol/L 
(-8.2~1172 mg/dL); and older women, 
-0.28t0.28mmol/L(-10.8f11.0mg/dL). 

Davidson et al” recently performed a 
trial that tested a dose-response hypoth- 
esis. Because the raw data for the trial of 
Davidson et alI1 were available, a linear 
regression model was built with dose 
(grams of soluble fiber) and preliminary 
total cholesterol level as independent 
variables and change in total cholesterol 
level as the dependent variable. R*=0.26; 
the reduction in effect size per unit of sol- 
uble fiber was -3.3 (SE, 1.07; P=.OO2), 
and the reduction in effect size per unit of 
preliminary total cholesterol was -0.36 
(SE, 0.059; P<.OOOl). 

To assess a dose-response relationship 
between individual effect sizes and the 
dose of soluble fiber for trials in the meta- 
analysis, linear regression methods were 

used to describe the interactive associa- CO)+lENT 
tion of dose and preliminary total choles- 
terol level with effect size. With a dichot- Meta-analyses: Goals 
omous dose variable (~3 g vs r3a) and a and Limitations 
continuous range oi pAnina@ total Meta-analyses are typically conducted 
cholesterol levels, the interaction term to qualitatively describe the available 
was st+tistically significant (P=<.O5), research, compute a pooled estimate that 
and R*=0.61. Table 4 shows mean effect reflects the available evidence, explain ,. .^ 
sizes when the individual effect sizes are 
split into preliminary total cholesteYol/ 

c&@~a$~y results between indepen- 
dent trials, and perform subgroup anal- 

dose subgroups. Trials that had the larg- yses that would not be possible within 
est reduction in total cholesterol level independent trials.31,32 Two major crit- 
were those whose subjects had the high- icisms have been leveled at meta-anal- 
est preliminary total cholesterol level and yses. First, “file drawer” bias occurs 
tested the higher doses. The association when pooled estimates are derived solely 
of the dose of the oat product and subse- from published reports and consequently 
quent total cholesterol reduction appears may be a skewed representation of the 
to be blunted when initial cholesterol lev- entire body of research.33? Second, as- 
els are low. There was considerable vari- sembled trials may be quite heteroge- 
ability of the individual effect sizes even neous, in terms of both study design (ie, 
within the four subgroups suggested by 
the interaction. 

phase duration, subject selection, blood- 
drawing protocols) and the relative qual- 
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Table 3.-Energy Values, Keys Scores, and Body Weight Changes* Table 3.-Enerav Values. Kevs Scores, and Body Weight Changes* 

4“ ,^j -,I *. I.8 -. .‘ I.- i dr .i r .~ .,/, .,” ._a i “‘e’Zii-~y‘ ,&re; , ̂  <*.a, :“,,yy,,-; .r,~~~~t~~~~~f” . ^ -,_ .-*,. (I, / “, ,‘ ,. _, 

xJ/d kJ/d 
I 
l,iti,l 

Level, mmollL (mg/dL) Level, mm&L (mg/dL) Change in Change in 
Diet Assessment Diet Assessment I I I Body Weight, 

TOOI lnterventionf Final Predicted+ Observed kg Source, y 
Van Horn et al,’ 

1986 

Van Horn et al,B 
1988 

Van Horn et al.9 
1991 

Keenan et ai,‘O 
1991 

Swain et al,12 1990 

3-Day food record 00. 57 $ ;_ k896‘- 6565 -‘+0.i3’(;5.1]’ .’ -0.Q (-j.4) -0.27 
OM, 57 g 7384 7274 -X1.07,(-2.7) -O.ii (4.5) -0.27 
AHA- diet only 7514 7064 co:@(+2.9j 3.0sp.,i) ,,.~ I . . . 4;4”r . 

3-Day food record ‘olin, 57 g /‘ ,, , 85,0.‘ / 703Q 
406 (-2.3) ‘ 4.36 (X.0) +0.09 

AHA- die! only 6300 6422 o:ob‘ (GO. fry. 
.4d:..7 ‘r;-i;8r 5,27 ., ?i 

I 
3-Day food record OM. 57 Q 8022 834i -0:06~‘(x4) 

“~. . . . &,,& iz,‘5,s), _ 
I 429 

AHA- diet only 8429 84&8 cd:08 ci3.i) ’ “~XO3 (-35) +0.29 
Baseline: FFQ; each oe-uiraz$ . ,. 7802 7400 ” iO:Ol (+0.27) -0.15 (-5.8) 0 

phase: 4-day food ..,i 
record WB-OB$ 7804 7388 -0.01 (-0.42) ‘Xli.(-4.3) -’ -0.4 

AHA- diet only 7972 7619 0.00 (iO.09) ‘. +i).35 (c13.5) -1.3 
Baseline: FFO; each OB, 87 g 8673 10202 -0.hi (-15:8) “. 

. “5,3B~f3Dj..‘ ^. 
_’ +bo.5’ 

phase: 4-day food 
record WB, 87 g 8673 9723 -0.39 (15.0) -0.34 (-13.1) +0:2 

Dyi&on et al,” 4-Day food record OM. 28 g 5968 6140 -0.06 j-2:2) -0.28 i-10.8) -0.36 
OB, 28 g 6346 8644 +O.ij4.(+1.6) -0.23 (-9.0) -0.55 
OM, 57 g 5842 6560 a.19 (-7.2) 6.22 ‘(*:6) -0.55 
OB. 57 g 7144 7321 %1’7(Ls.S) -0.67 (L28.0) -0.59 
OM, 84 g 6334 7253 -0.16 (-6.3) -0.54(a.dj - +0.18 
08, 84 Q 6821 7493 -0.16 (-6.3) -0.52 (-20.0) -0.41 
WB. 28 g 5909 5788 0.0b’(?d.01~~‘ -+o:ci2 (+0177) -1.0 

Demark-Wahnefried Daily food record LFLC diet + OB, 50 g 9400 ‘6833 -028’(-ib:“s) ‘-I- * -, .j’(ql,4) 4.1 
et ai,15 1990 OB. 50 g 8984 8iO2 ‘0.38 (-4.2) -0.92 (-35.6) -1.6’ 

OB, 42.5 g 9059 7753 -0.11 (-516) -O.i%! (228:‘1‘f 0 
LFLC diet only 9253 6898 lo.l4.(~1@.8)‘ ” -1.2 (-46.0)’ 43.0 

,, j ~. ” .,. __a.” a _ ,,,‘?, /“, va.*/*“- X”‘IUr*.~~;“~~.,*~~~~~~~ L ~“dii*r-.sm..” *Illb- + : 6. V*wb/x;i.ii;lr ~b”.8*ir ;. 
*OB indicates oat bran; OM, oatmeal: AHA-1. Amencan Heart Assocfatlon step 1 d!et;‘lhgB, whea(%ran:TFLC, low fat. I”ow c~~~~(~~~~~~~~~a’~~~~~~~~~~~~~o~~ai~~. 
tSee Table 2 for a more complete description of interventions. 
*Predicted changes were calculated using Keys scores: AG1.35 (2AS-P)+1.5AZ. where C is the total blood cholesterol level; S, the percentaqe of kilocalories consisting 

of saturated falIy acids: P, the percentage of kilocalories consisting of polyunsaturated fatty acids: and Z=<Dietary Cholesterol (milligrams)/l000 kilocalories. 
SOB-WB indicates subjects who consumed 08 in the first phase and WE3 in the second phase; WB-08, subjects who consumed WB in the iirst phase and OB in the second 

phase. 

ity of each trial. 
In our meta-analysis, “file drawer” 

bias was minimized by actively solicit- 
ing research from all known investiga- 
tors, regardless of whether the results 
had been published; the inclusion 
criteria set the minimum standard of 
quality. Additional variance caused by 
heterogeneity between the individual 
effect sizes was estimated by the 
methods of DerSimonian and Laird.28 
To determine whether heterogeneity 
had been artificially decreased by cre- 
ating more than one individual effect 
size using one treatment group and mul- 
tiple control group comparisons (ie, du- 
plicating the use of a single treatment 
EI+OUD result). the summary effect size 

controlled than trials incorporating oats 
isocalorically into the diet of treated sub- 
jects without providing a comparison 
product for controls. Table 5 displays 
the summary effect size calculations 
when trials are stratified according to 
this difference in design. Clearly, the 
stratified analysis sUpports the same 
conclusion as the unstratified one. Fqr 
the stratified analysis, only the 28-g oat 
bran and 28-g oatmeal individual effect 
sizes were used from the trial of Dav- 
idson et al” (these treatments were com- 
parable by weight to the control treat- 
ment of 28 g of wheat cereal), which 
reduced the magnitude of the summary __ . . . . . 

elusions are drawn w$h the broadened -‘:’ -’ definitions in mind: short-term mterven- L 
tion trials employing g dose of approx- 
imately 3 g of soluble fiber and enrolling’ 
primarily healthy middle-class men and 
women with the motivation and the re- 
sources to make dietary changes. 

Summary Effect Size 
Two potential confounders are 

changes in total cholesterol level attrib- 
utable to regression toward the meaP 
and dietary changes known to affect lipid 
levels. Since uncontrolled trials were ex- 
cluded from the summary effect size and 
the individual effect sizes were computed 

effect size because the four excluded by adjusting for any change in total cho- treatment proups had ‘h~~y-~&vq--$ ‘“” lesterol level occurring in the control 
Gas Eecalcul&ed in the two ways done lesterol levels (average Gf 6.9 mmol/L 
formerly (once with the a priori inclu- [268 mg/dLI). 
sion criteria ‘enforced and once with There is heterogeneity with respect 
broadened criteria), but removing any to bther aspects of study design, which 
effect sizes that were generated as a is the case in virtually every meta-anal- 
result of the multiple use of treatment ysis. For example, the intervention 
groups. Table 5 shows the results of the phase durations of these trials ranged 
calculations and recalculations. It is clear from 18 days to 3 months; investigators 
by comparison that inclusion or exclu- used a variety of recruitment methods 
sion of the duplicate information does to obtain their subjects, and the number 
not affect the summary effect size in any of subjects in each trial differed,widely. 
important way. When this information is pooled, defi- 

It could be argued that trials using nitions necessarily broaden. Interpre- 
wheat bran as a comparison are better tations are valid, however, provided con- 

groups, regression toward the mean with 
respect to the summary effect size was 
not a confounder in this analysis. Re- 
gression toward the mean did not im- 
portantly confound with respect to ini- 
tial cholesterol level as a predictor vari- ‘. “~” ._ 
able because, &ihi%o exceptions (S.B., 
unpublished data, 1991),9 trials either 
did nqt recruit exclusively hypercholes- 
terolemic subjects,78,1221 or, if they did, 
the initial cholesterol value was the mean 
of multiple measures.10*11~2225 

It has been suggestedI that the re- 
ported lipid-lowering effect of oat prod- 

3322 JAMA, June 24, 1992-Vol267, NO. 24 Oat Products and Lipid Lowering-Ripsin et al 



. 

Table 4.-Effect Sizes for Change in Total Cholesterol Level by Dose and Initial Cholesterol Level Age-Gender Interaction 
As described previously, Keenan et allo 

reported a significant age-gender inter- 
action and found that older women had 
the most marked total cholesterol reduc- 
tion ofthe age-gender subgroups, but this 
observation was not supported in the 
meta-analysis. A major limitation of this 
retrospective subgroup analysis is that 
stratification did not occur for age and 
gender in any of these trials, so the ran- 
domization scheme could have been bro- 
ken. Additionally, statistical power may 
have been insufficient to detect differ- 
ences between subgroups since most tri- 
als had very few subjects in at least one 
of the subgroups. It is possible that a re- 
sponse in total cholesterol level modified 
by the interaction of age and gender could 
still be found in a trial specifically de- 
signed to test this hypothesis. 

Intervention 
Dose 

~3.0 g of soluble fiber from bats 
23 (I of soluble fiber from oats 

tlwx am!, mmow. (mg/oL,- 
I 

Initial Cholesterol Level Initial Cholesterol Level 
49 mmol/L (c229 mg/dL) 25.9 mmol/L (2229 mgldL) 

5.09i-0.10 (-3.4i3Jqt 5.2720:04 (.x%~l.i;i~ ’ 
5.13~0.12 f-5.224.815 -0.41~0.21 f-16.0~8.318 

tThere were six effect sizes. 
*There were four effect sizes. 
§There were three effect sizes. 
/[There were six effect sizes. 

cholesterol diet in the trial of @mark- _, 
Wahnefried et a115) on the change in blood 

ucts is really the result of a substitution 
of carbohydrates for dietary fat and cho- 
lesterol. Keys and colleagueP studied 
men under metabolic ward conditions 
and developed the equation we used in 
which a change in blood total cholesterol 
level could be predicted by knowing the 
dietary changes in saturated fatty ac- 
ids, polyuns&rated fatty acids, and cho- 
lesterol. Keys et alz6 and others27 have 
tested the use of Keys scores in free- 
living subjects using diet records as their 
source of data, and they found that the 
predictive ability is still very good. Use 
of Keys scores is intended to measure 
group changes when components of a diet 
are being changed isocalorically; they are 
not intended for extrapolation to the in- 
dividual subject, and both Keys et al% and 
more recent investigatorP have demon- 
strated the variability of an individual’s 
serum cholesterol response to dietary 
changes. Keys scores (Table 3) did not 
predict well in the trial of Demark- 
Wahnefried et alt1,15 in which subjects re- 
duced their energy intake and conse- 
quently lost weight in their attempts to 
adhereto the low-fat, low-cholesterol diet. 
In the trial of Swain et al,‘2 energy con- 
sumption increased 1470 W/d during the 
treatment period, so the use of Keys scores 
may not have been entirely appropriate. 
The usefulness of Keys scores in this meta- 
analysis is limited to acting as a standard 
from which to judge whether reductions 
in total cholesterol level could be prima- 
rily attributed to the substitution of oats 
for dietary fats and cholesterol. The sum- 
mary effect size calculated for a subset of 
trials after adjustments for changes in 
total cholesterol level due to substitution 
differed very little from the unadjusted 

? 
summary effect size of this same subset of 
trials and very little from the unadjusted 
value of the entire sample of trials. 

The trials of O’Brien et al’,” and-De- 
mark-Wahnefn’ed et alI5 were originally 
excluded because there was not a suf- 
ficient lead-in period to ensure that the 
effects of the special diets (high-fiber, 
high-complex carbohydrate diet in the 
trial of O’Brien et all6 and low-fat, low- 

in randomized controlled trials when ad- 
justments are made for the control 
“group’s change in total cholesterol level, 
so the two trials in question could be 
considered with the others. The sum- 
mary effect size was calculated with and 
without the two trials in question, and 
it is clear that their inclusion did not 
increase the heterogeneity of the as- 
sembled individual effect sizes (x2 val- 
ues were 25.8 and 2615 for inblusion and 
exclusion, respectively). 

The Figure illustrates why there ap- 
pears to be such confusion about whether 
or not oats truly lower blood cholesterol 
levels. Apparently, many investigators 
overestimated the expected effect size 
when planning the sample sizes of trials, 
perhaps because outcomes were ex- 
pected to mirror the results of early met- 
abolic ward trials, in which total choles- 
terol changes as large as -0.75 mmol/L 
(-25 mg/dL) were reported3flv6; conse- 
quently, power was lacking to detect a 
difference of 0.13 to 0.15 mmol/L (5 to 
6 mg/dL). 

By no means, however, has all of the 
variability in response between the tri- 
als been explained. The unpublished trial 
by Beling (1991) was the largest single 
trial that showed no significant reduc- 
tion of total cholesterol level attribut- 
able to the oat product. The controls and 
treated subjects demonstrated signifi- 
cant reductions in total cholesterol lev- els during the lead& y.-;;dl;“‘i;;;t “, 

reductions beyond that point were slight. 
All of the groups demonstrated weight 
loss, from -1 to -2.7 kg. This trial and 
the trial of Demark-Wahnefried et all5 
were similar, in that both demonstrated 
weight loss, and the treated subjects in 
both failed to show significant reduc- 
tions in total cholesterol levelscompared 
with controls. This leads to speculation 
thst the lipid reduction due to weight 
loss overshadows any contribution to 
reduction by oats and suggests that the 

is needed to draw any firm conclusions 

. 
effect of oats cn blood lipid levels is best 
seen in wnight-stable individuals. How- 

about a potkntial?interaction of weight 

ever, this ecologic observation has just 
two trials in evidence; more information __ _ _ 

lipid levels was negligible. However, any loss and oat product consumption on @id 
effect of a special diet should cancel out reduction. 

Initial Cholesterol Level 
The finding that initial cholesterol level 

played an important predictive role in the 
outcome of the intervention was previ- 
ously reported in three individual clinical 
trials.s’O The negative results of the 
highly publicized trial of Swain et alt2 in 
which the mean preliminary total choles- 
terol level of the 20 subjects was just 
4.8 mmol/L (186 mg/dL), are likely attrib- 
utable to the low initial total cholesterol 
level of those subjects. In addition, the 9% 
reduction in total cholesterol level for the 
metabolic ward trial reported by Ander- 
son et 3 can be explained in part by the 
high initial cholesterol level of subjects 
(6.9 mmol/L [266 mg/dLI) and by the 
higher dose of oats employed (13.4 g of 
soluble fiber). The remaining difference 
may be attributable to differences in the 
ability to measure diet variables between 
free-living subjects whose diet is self- 
reported and subjects -. on metabolic 
wards whose diet is precisely measured 

* and controlled. 

Dose-Response 
The determination of a dose-response 

relationship between oats and lipid low- 
erring is.difficult because the mechanism 
of action has continued to be elusive. 
The potential mechanisms have been 
thoroughly discussed,6”‘* and research 
continues in this area. For this analysis, 
grams of soluble fiber was chosen to 
Represent the dose of the oat product 
because it is the best representation of 
p-glucan, the primary soluble fiber in 
oats.. This measure, however, has limi- 
tations: The amount of soluble fiber ob- 
tained by measuring a quantity of oats 
will vary according to the solubilizing 
technique?g For the trials that did not 
directly measure the soluble fiber in their 
product, an estimate from the database 
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Table B.-Description of Summary Effect Sizes Using Varying Inclusion Criteria 

No. of 
Inclusion Criteria’ Effect Sizes x2 Source 

Trials using a priori criteria Van Horn et al,‘+ Keenan et al,‘O 19 26.5 
Davidson et al ” Swain et al ‘* 
Gold and Davibson.2’ Kestin’et al.” 
Tumbull and Leedsiz3 Beling$ 

Trials using broadened Van Horn et al,“¶ Keenan et al,‘O 22 25.8 
criteria Davidson et al ‘* Swain et al I2 

Demark-Wahnefried et al,15 i)‘Brien 
et al I6 Gold and Davidson.*’ Kestin 
et al:” Tumbull and LeedsF3 Beling* 

Trials using a priort criteria Van Horn et al,7.g Keenan et al,‘O 17 21.3 
but excluding the multiple Davidson et al ” Swain et al ‘2 
use of treatment groupst Gold and Davidson *I Kestin’et aI,= 

Tumbull and LeedslZJ BelinofG ,. 

I 
Summary Effect Size, 95% Confidence interval, 

pt mmoUL (mg/dL) mmoVL (mg/dL) 
.I0 -0.15 (-5.9) -0.22 to -0.09 (-8.4 to -3.3) 

.20 -0.13 (-5.1) -0.19 to -0.07 (-7.3 to -2.9) 

15 -0.16 (-6.1) -0.22 to -0.09 (-8.7 to -3.5) 

Trials using broadened crite- Van Horn et aLM Keenan et al,la§ 19 22.7 .20 -0.14 (-5.6) -0.20 to -0.09 (-7.9 to -3.3) 
tia but excluding the multi- Davidson et al r’ Swain et al ‘* 
ple use of treatment Demark-Wahnkfned et al.r5 b’Brten 
groupst et al ‘@§ Gold and Davidson.*’ Kestin 

et al> Turnbull and Leeds,2$ Beling$§ 
Trials using a priori criteria 

and stratifying by type of 
control subjects 

Control groups with Keenan et al,‘O Davidson et al,” Swain 12 16.3 .20 -0.22 (-8.6) -0.35 to -0.10 (-13.4 to -3.8) 
wheat bran as a et aLI Gold and Davidson,*’ Kestin 
comoartson oroduct et aLz Turnbull and Leed? 

Control groups with no Van Horn et aIT Keenan et al.‘O 7 6.5 .20 -0.1 I (-4.4) -0.18 to -0.04 (-7.1 to -1.7) 
comparison product Beling$ 

*., 
‘See the text for descripnons of a priori and broadened criteria. 

” . ,, I,,_I..* .,. .,. 

tTests the null hvoothesis that within-effect size variance is equal to between-effect size variance. 
&lnpublished results. 1991. 
§One effect size only. 

of the Nutrition Coding Center of the 
University of Minnesota, Minneapolis, 
was used, but this estimate could be 
somewhat imprecise because the amount 
of p-glucan may vary according to the 
variety of the oat as tie11 as its growing 
environment.4’ This last point may help 
to explain at least some of the unex- 
plained variability .in total cholesterol 
response between trials. It is also pos- 
sible that soluble fiber is an incomplete 
measure of dose; other components of 
oats as well as the way in which the oat 
product is prepared may play a role in 
the mechanism of action.3g 

_ 0.78 (30) 4 

d 
3 .E 0.42 (16) P 

’ d- ’ - I 
“- !y- 

I 
Summary 

Ei Let 

?i -0.62 (-24) 

-0.72 (-28) 

I r - 
I Srze 

I 

I L ,Ii 
’ There is the strong suggestion of a 
dose-response relationship between the 
amount of soluble fiber and the degree 
of lipid reduction, and there is signifi- 
cant evidence of an interaction between 
dose and initial cholesterol level with 
respect to total cholesterol reduction. 
Trials enrolling subjects with higher ini- 
,tial cholesterol levels (25.8 mmol/L 
[ 2229 mg/dL]) and employing a dose of 
3 or more g of soluble fiber demonstrated 
fivefold greater reductions in total cho- 
lesterol levels than trials whose sub- 
jects had lower initial cholesterol levels 
and that employed lower doses of fiber. 
This interaction is important when at- 
tempting to apply the results of this 
analysis to an individual. Three grams 
of soluble fiber is the equivalent of one 
large bowl of ready-to-eat oat bran ce- 
real or three packets of instant oatmeal 
(oat bran has approximately twice the 
amount of soluble fiber as oatmeal). Thus, 
although individuals with high initial cho- 
lesterol levels would likely benefit from 

-0.83 i-32; I 
-0.93 (-36) 

’ I 

-1 .o (-40) 
I 

I I 

-- 
Effect size estimates. The summary effect size was calculated using a priori inclusion criteria. The lower- 
case letters near each effect size bar correspond to the effect sizes in Table 2. Shaded bars fndicate 90% 
confidence intervals; solid line extensions, 95% confidence intervals. 

a single serving of oats, individuals 
whose blood cholesterol levels are al- 
ready low may demonstrate little change 
in total cholesterol level by introducing 
a single serving of oats into their diet. 

Epidemiologic Aspects 
The large number of subjects analyzed 

here does not automatically mean these 
findings can be extrapolated to the gen- 
eral population. These results are gen- 
eralizable to people who resemble the 
study subjects--motivated adults who 
are able to make dietary changes. 

In addition to its lipid-lowering ben- 

efits, research efforts are ongoing to de- 
termine whether dietary fiber can pro- 
tect against certain forms of intestinal 
cancer?’ It is feasible to project that the 
consumption of fiber is or will be on the 
rise as people look for healthy ways to 
alter their risk factor profiles. The po- 
tential side effects or disadvantages of 
fiber consumption then begin to take on 
more importance. There is evidence to 
suggest that components of dietary fi- 
ber, such as phytates and oxalates, can 
bind minerals in the gut (ie, zinc, cal- 
cium, iron, magnesium, phosphorus, and 
copper), decreasing their bioavailabil- 
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ity. The balance of the current research 
suggests that an increase in mineral ex- 
cretion with fiber intake is not signifi- 
canP; however, these trials are mostly 
short-term (usually 2 to 4 weeks) and 
are conducted with healthy adults. Spe- 
cial populations at risk of mineral de& 
ciencies may need to be studied sepa- 
rately to determine whether major in- 
crease in fiber will increase this risk. 

Ideally, a large-scale, long-term clini- 
cal trial (ie, 6 months or longer) should be 
conducted to verify the results of this re- 
view. 

CONCLUSION 
After careful consideration of the avail- 

able evidence and investigation of poten- 
tial confounders, this analysis provides 
strong support for the hypothesis that ap- 
proximately 3 g per day of soluble fiber 
from oat products can lower the total cho- 
lesterol level 0.13 to 0.16 mmol/L (5 to 
6 mg/dL) and that the reduction is greater 
in those with initially higher blood choles- 
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INTRODUCTION 

Cardiovascular disease (CVD) is a significant cause of disability and death around the world 
with an enormous cost to the health care system. World-wide more than IO million deaths 
per year are related to CVD and in industrialised countries nearly 50% of total deaths are due 
to CVD. The causal relation between serum cholesterol levels and CVD was shown in 
several studies (Kannel et al, 1979; Pooling Research Project Group, 1978; Wilson et al, 
1987) and the lowering of total and LDL cholesterol was identified as a target for intervention. 
A recent analysis of the primary prevention WOSCOPS (West of- Scotland Coronary 
PN3K?ntiOfl Study, West of Scotland Coronary Prevention Study Group, Influence of 
pravastatin and plasma lipids on clinical events in the West of Scotland Coronary 
Prevention Study (WOSCOPS) , Circulation, 1998: 97: 1440-1445 .) shows a clear relation 
of a reduction in LDL and the related change in CVD risk. A reduction of LDL cholesterol 
>lO% reduces the risk of CVD by about 12%, whereas a LDL reduction by IO-19% causes a 
risk reduction of up to 41%. 

Reduced energy, fat and cholesterol intake reduce total and LDL cholesterol and the risk of 
CVD, but a significant portion of the population is unable to comply to such dramatic dietary 
modifications. There is a clear need for a low cost, low risk interventions that can treat that 
portion of the population that has not responded well to dietary and other non-pharmaceutical 
interventions, but because of the risk of serious adverse events and cost, the use of more 
drastic treatments is not justifiable. 
It has been known for nearly 50 years that the ingestion of phytosterols has a positive effect 
on cholesterol metabolism in humans (Pollak, 1953; Farquhar et al, 1956). In the past 10 
years, new interest has focused on the consequences of plant sterols ingestion on blood 
cholesterol level (reviewed by Jones et al; 1997). The magnitude of reported effects varied 
widely displaying differences in study design, amount and quality of phytosterol intake and 
starting cholesterol levels of patients. Total serum cholesterol levels were reduced by 0.5 - 
26%, serum low density lipoprotein cholesterol (LDL cholesterol) levels by 2 - 33% whereas 
levels of serum high density lipoprotein cholesterol (HDL cholesterol) remained unchanged. 
Most of the recent studies used preparations wherein the sterols or stanols were esterified 
with fatty acids (Miettinen, Gylling, Hendriks, Weststrate) to increase fat solubility. However, 
for physiological actions esterification of sterols to fatty acids is not necessary and Jones and 
co-workers (1999) showed that free sterols have a pronounced cholesterol lowering effect at 
low doses. Esterified sterols. are-rapidly hydrolysed during lipolysis of dietary fats and act in 
the digestive tract as free sterols (Mattson et al, 1977; Mattson et al, 1982; Swell et al, 
1954).The fat soluble esterified sterols or stanols were mostly administered in foods with fat 
contents of 40-80% of total weight (margarine or mayonnaise). These studies generally 
resulted in quite impressive lowering of LDL and total cholesterol, reduction in LDL 
cholesterol of up to 14%. However, from a nutritional standpoint, it would be much more 
desirable to investigate the action of low fat phytosterol containing foods‘on cholesterol 
metabolism. Esterified sterols and stanols were shown to decrease fat soluble (pro)vitamins 
levels in a dose dependant manner (Hendriks et al. 1999):This negative action may not be 
seen if free sterols are used. Sierska et al, (1999) studied the effects of a low dose-of-free 
sterols on alpha- and beta-carotene and lycopene and showed no negative influence on 
plasma levels of the carotenoids. 

The main objective of this study was to investigate the dose-dependency of the total and 
LDL-cholesterol lowering effects of 3 doses of free tall oil sterols delivered in a non fat based 
food, namely a. milk drink. In addition, the effects of the free sterols on lipid soluble 
(pro)vitmains were studied. 



SUBJECTS AND METHODS 

Subjects 

Volunteers were recruited from the population living in Chicago, USA. To be included in the 
study, subjects had to have a fasting plasma LDL cholesterol level > 125 mg/dL; to be 
between 30 -80 years of age; not currently taking any lipid lowering therapy, and to have a 
alcohol consumption < IO drink per week. 
Subjects were excluded on the base of having total cholesterol > 309 mg/dL at Visit 2 or Visit 
3, triglycerides 2 354 mg/dL, fasting blood glucose > 125 mg/dL, a history of kidney, liver, 
and/or haematological disease or plasma urea > 18 mmol/L, serum creatinin > 177 pmol/L, 
total bilirubin > 34 pmol/L, SGOT or SGPT > 2 times upper limit of normal, uncontrolled 
hypertension (treated or untreated) with systolic blood pressure 2 160 mm Hg or diastolic 
blood pressure 1. 95 mm Hg, Body Mass Index (BMI) 2 35, less than 20% or greater than 
40% of calories consumed by fat, lipid-lowering drug received within 6 weeks prior to Visit 0, 
history or signs of heart disease - unstable angina or intermediate coronary syndrome or 
clinically significant ventricular arrhythmias at study entry or myocardial infarction within the 
previous 3 months, history of drug or alcohol abuse; current alcohol intake of more than an 
average of IO drinks per week, familial sitosterolemia, history of ileal bypass surgery or any 
GI disorder that could affect cholesterol or fat absorption. Only subjects who had less than a 
15% variation in LDL cholesterol between Visits 1 and ?, and an average fasting LDL > 125 
mg/dL at Visits 1 and 2 were eligible for randomisation 

A total of 270 volunteers were screened of which 132 were included in the study. The study 
protocol was approved by the local Ethics Committee and all subjects gave written consent. 
The study was conducted according to Good Clinical Practice. 

Study design 

This study followed a randomised, placebo-controlled, parallel arm design in which 3 different 
doses of tall oil sterols (0.9, 1.8 or 3.6 g/day) or placebo was given for a period of four weeks. 
The overall study plan is shown in table 1. 

Table 1: Study plan 

Week 

Visit 

Phase I: Phase II: 
Screening Active Medication 

Screen -2 -1 0 3.5 4 

0 1 2 3 4 5 

Medical History X 

Diet Questionnaire X X 

Physical Examination X X X X X X 

Adverse Event Report X X X X X 

Standard safety’ X X X 

Lipids X X X X X X 

Vitamins X X 

‘Standard safety included: Hematology (hemoglobin, hematocrit, WBC and differential RBC, platelet count), Blood 
Chemistry (glucose, BUN, uric acid, serum creatinine, total bilirubin, alkaline phosphatase, LDH, SGOT, SGPT), 
and Urinalysis (specific gravity, pH, protein, glucose, WBC and RBC as indicated by dipstix) 



At visit 0 subjects underwent a selection procedure including a diet questionnaire, a complete a 
medical history interview with a physician and a brief physical examination. A fasting blood 
sample for safety evaluations as well as for lipid determination was taken. If subjects complied 
with inclusion/exclusion criteria they returned to the clinic for visit 1 and 2 (as per table 1). At 
visit 3 only subjects who had a difference in LDL cholesterol between visits 1 and 2 of less 
than 15% and an average fasting LDL > 125 mg/dL between visits 1 and 2 were randomised 
to either placebo or one of the 3 active groups. Randomised subjects underwent another 
clinical and physical examination and were provided with study products. Subjects returned 
to the clinic after 3.5 and 4 weeks for the final clinical and physical examinations. 

All clinical visits were performed in the morning and subjects were instructed not to eat 12 
hours prior to the clinic visits. 

Study products 

The tall oil sterol (TOS) enriched milk drinks were prepared by Wander AG, Neuenegg, 
Switzerland. Composition of active and placebo drinks is shown in table 2. The milk drinks 
were fortified with different doses of unesterified TOS (ReducolTM, Forbes Medi-Tech, 
Vancouver, Canada) with 44% sitosterol, 25% sitostanol, 12% campesterol, and 6% 
campestanol. Subjects consumed 3 drinks of 90 mL per day with their main meals, ingesting 
0 g, 0.9 g, 1.8 g or 3.6 g TOS per day. 

Table 2: Composition of milk drinks 

Variables Placebo Drink 
0.9 g/d 

TOS Drink 
1.8 g/d 3.6g/d 

Water (g/l OOg) 79.5 79.8 80.0 80.0 
Protein (g/l OOg) 2.0 1.9 2.0 1.9 
Fat (g/l OOg) 3.6 3.6 3.6 3.6 
Tall oil Sterols (g/lOOg) 0 0.31 0.63 1.26 
Carbohydrates (g/l OOg) 14.3 13.8 13.4 12.6 
Minerals (g/l OOg) 0.6 0.6 0.6 0.6 
Specific weight (g/mL) 1.06 1.06 1.06 1.06 

Analysis 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Actual methods needed! 

Blood samples for serum and plasma determination were centrifuged (3000 rpm x IO min, 
+4”C) within 1 hour after drawing. Plasma and serum was separated and stored at -20°C 
until analysis. 

Blood lipids 
Total and HDL cholesterol and tryglicerides were determined with a Hitachi 747 analyser 
(Hitachi Inc., Tokio, Japan) using enzymatic methods (Roche UK Ltd, Lewes, England). LDL 
cholesterol was calculated by using the Friedewald equation (Friedewald, Levy, Fredrickson, 
1987). 

(Pro)Vitamins 



, 

Vitamin A and E and alpha- and beta-carotene was determined usina a HPLC method as 
describe by Thurnham et al () and Zaman et al 0. Proteins in the serum”were precipitated with 
methanol and the vitamin/lipid complexes were extracted into hexane. The dried extract was 
redissolved in THF and methanol and quantification of the vitamins was achieved by reverse 
phase HPLC. 

..,....,..,......,...,,..................................................... 

Statistical analysis 

Statistical analysis was performed by using SASB statistical software. The primary efficacy 
measurement was the change in plasma LDL cholesterol during the treatment period. The 
average of the lipid values obtained at Visits I, 2 and 3 was used as the baseline value. The 
average of the lipid values obtained at Visits 4 and 5 was used as the post-treatment value. 
Three outcome variables were analysed: the absolute LDL cholesterol level post-treatment; 
the change in the LDL cholesterol from baseline; and the percentage change from baseline. 
The three outcome variables were analysed using analysis of covariance, with treatment 
group included as the only main effect. Since the age of the subjects was found to differ 
significantly between treatment groups, age was included as a covariate in the analysis. The 
baseline value was also included as a covariate,in the analyses of the absolute value post- 
treatment and the change from baseline. Dunnett’s test was used to determine the 
significance of any difference between each treated group and the placebo group. The 
significance of the difference from 0 of the change and relative change from baseline within 
each group was analysed either by the paired t-test or by Wilcoxon’s matched pairs signed 
ranks test, as appropriate. 
Sub-study measurements comprised levels of vitamins A and E, and alpha- and beta- 
carotene at Visit 3 and Visit 5. The values of these parameters at Visits 3 and 5, the change 
from Visit 3 to Visit 5, and the relative change from Visit 3 to Visit 5 were analysed by 
analysis of covariance. Age was included as a covariate in all analyses; the value at Visit 3 
was included as a covariate in the analyses of the absolute value post-treatment and the 
change from Visit 3 to Visit 5. The carotene values were non-normally distributed, and were 
therefore ranked prior to analysis. The significance of the difference from 0 of the change 
and relative change from Visit 3 within each group was analysed either by the paired t-test or 
by Wilcoxon’s matched pairs signed ranks test, as appropriate. In view of the non-normality 
of the distributions of the carotene levels, the mean difference between the value in each 
treated group and the value in the placebo group was not computed. Dunnett’s test was used 
to determine the significance of any difference between each treated group and the placebo 
group with respect to values at the two visits and the changes and relative changes between 
visits. 

For all safety analyses the intent-to-treat (ITT) population, defined as all subjects who were 
randomised, took any study treatment and had at least one efficacy data point after baseline, 
was used . The efficacy analyses were done on the per-protocol population (PP), as defined 
by inclusion/exclusion criteria, at least 80% compliance (as measured by number of study 
treatment doses taken divided by the number of doses that should have been taken between 
Visits 3 and 5) no more than 3 days off treatment prior to Visit 5, Visit 5 no more than 6 
weeks after Visit 3. 

RESULTS 

General 
One hundred and thirty-two subjects were enrolled (33 per group) and 123 subjects (93%) 
completed the trial. Three subjects discontinued study treatment due to an adverse event: 
one subject, a 65 year-old male who was randomised to TOS at a dose of 0.9 g/day, 



discontinued because of severe pain in his right kneecap, which started 7 days after he 
started study treatment and was recorded as definitely not related to treatment. One subject, 
a 76 year-old female who was given TOS a dose of 1.8 g/day, discontinued because of 
moderate constipation which started after she had been on study treatment for 19 days, and 
was recorded as possibly related to treatment. One subject, a 50 year-old female who was 
given TOS at a dose of 0.9 g/day, was discontinued for elevated ALT and AST. The adverse 
event was rated as severe, but probably not related to study treatment; the event’s start date 
was actually recorded as one day prior to the subject starting to take study treatment. Her 
AST was 37 IU/L at Visit 0,47 IU/L at Visit 3 and 57 IU/L at Visit 5; her ALT was 59 IU/L at 
Visit 0, 74 W/L at Visit 3 and 90 IU/L at Visit 5. The laboratory’s upper limit of normal for 
females for both parameters is 34 IU/L. One subject given 0.9 g/day TOS was discontinued 
after Visit 4 when it was discovered that he had never stopped taking daily vitamin A and 
niacin, which constituted a protocol deviation. One subject given 3.6 g/day TOS received his 
initial supply of study treatment, but then did not receive the follow-up supply by mail. 4 
dropped out due to personal reasons, e.g. 1 subject was not able to drink the 3 required 
portions per day. There was no difference between treatment groups with respect to the 
proportion of subjects who completed the trial. 

Seventy-eight (59%) of the 132 subjects randomised were male; 98 (74%) were white, 21 
(16%) black, four (3%) Asian and nine (7%) some other race. There was no significant 
difference between treatment groups with respect to either of these two variables. 

The subjects baseline characteristics are summarised in table 3. The age of the subjects 
randomised to the 4 treatments group differed significantly (p c 0.05); specifically, subjects 
given 1.8 g/day TOS were eight years older, on average, than those given placebo (p < 
0.05). Baseline total cholesterol, LDL cholesterol, HDL cholesterol, triglycerides levels, and 
blood pressure did not differ significantly between groups. 

Table 3: Baseline characteristics of subjects in placebo and treatment groups 

Variables Placebo Drink 
0.9 g/d 

TOS Drink 
1.8 g/d 3.6gld 

Age (Y) 
Weight (kg) 
BMI (kg/m') 
Lipids (mg/dL) 

Total Cholesterol 
LDL Cholestero! 
HDL Cholesterol 

, Triglycerides .. 
Blood pressure (mm Hg) 

SBP 
DBP 

52.2 (48.1,56.2)' 

81.4 (76.1,86.8) 
27.7 (26.5,29.0) 

57.4 (54.2,60.6) 

81 .O (75.6,86.4) 
27.2 (25.9,28.6) 

60.5 (%X7,65.2) 

74.8 (69.5,80.2) 
26.9 (25.2,28.6) 

54.4 (50.5,58.3) 
80.9 (75.1,86.8) 
27.4 (26.1,28.6) 

245.5 (235.3,255.7) 
166.9 (158.5,175.4) 
48.8 (44.7,52.9) 
151.1 (127.6,174.6) 

111.0 (106.2,115.7) 
72.6 (70.1,75.1) 

237.8 (227.7,247.8) 
159.7 (151.4,168.1) 
51.4 (47.3,55.4) 
135.2 (112.0,158.3) 

117.8 (113.3,122.3) 
74.7 (71.9,77.5) 

242.3 (232.1,252.5) 
161.0 (152.5,169.5) 
50.6 (46.5,54.7) 
153.5 (130.0,177.1) 

114.7 (109.1,120.3) 

70.9 (68.Oj3.7) 

237.6 (227.5,247.6) 
159.9 (151.6,168.3) 
49.5 (45.4,53.5) 
141.3 (118.1,164.5) 

-114.4 (109.3,119.5) 
75.0 (72.1,78.0) 

‘Mean (95% confidence interval) 

Body weight and diet 
There were slight but significant increases in weight among all subjects given placebo (p < 
0.005), 0.9 g/day TOS (p c 0.005) and 1.8 g/day TOS (p c 0.05). The maximum increase in 
weight was 3.9 kg for male subjects and 2.9 kg for female subjects, both in the placebo 
group. There was no significant difference between groups with respect to the changes 
experienced during the study (Table 4). 
Dietary nutrient intake was monitored by a dietary questionnaire and an EPAT score was 
calculated. There was a slight decrease in all four groups, which reached statistical 
significance in the group given 1.8 g/day TOS (p < 0.05). None of the other changes reached 



statistical significance, and there was no significant difference between treatment groups 
(Table 4). 

More infos re EPAT requested from Prorocare 

Table 4 : Change from baseline in weight and diet (EPAT scores) 

Treatment group Mean 95% C.I. Minimum Median Maximum 

Weight (kg) 
Placebo 0.8 (0.3,1.4) -3.8 1.0 3.9 
0.9 g/day 0.5 (0.2,0.8) -1.1 0.4 2.9 
1.8 g/day 0.4 (0.0,0.8) -2.5 0.6 2.4 
3.6 g/day 0.5 (-0.1 ,I .O) -4.2 0.5 3.0 

EPAT scores 
Placebo 
0.9 g/day 
1.8 g/day 
3.6 g/day 

-0.5 (-2.0,l.O) -11 0.0 6 
-1.0 (-2.3,0.3) -10 -1.0 7 
-1.5 (-2.8,-0.2) -11 -1.5 7 
-2.0 (-4.0,O.l) -18 -1.0 8 

Blood lipids 

Table 5 shows lipid values post-treatment, the relative change from baseline, and the relative 
difference from placebo. For total cholesterol, there were highly significant differences 
between treatment groups with respect to all three parameters (p < 0.001). The groups given 
1.8 g/day TOS and 3.6 g/day TOS experienced significant decreases in total cholesterol 
levels during treatment. At the end of the treatment period, these two groups had total 
cholesterol levels which were significantly lower than those in the placebo group, and 
decreases in total cholesterol which were significantly different from the small increase in the 
placebo group. 
A significant difference between treatment groups in the absolute value post-treatment (p c 
0.001) was seen for LDL cholesterol. The values in the three groups treated with TOS were 
all significantly lower than the value in the group given placebo. All three treated groups had 
significant absolute and relative decreases in LDL cholesterol. The change and relative 
change in LDL cholesterol post-treatment differed between the four groups (both p < O.OOl), 
and all three treated groups experienced changes which were significantly different from the 
change in the placebo group. 
For HDL cholesterol, there was no overall difference between treatment groups in absolute 
HDL cholesterol levels post-treatment. However, the groups given TOS in dosages of 0.9 
g/day and 1.8 g/day had values which were significantly higher than the value in the placebo 
group. The group given 0.9 g/day TOS experienced significant absolute and relative 
increases in HDL cholesterol during treatment, but there was no difference between groups 
with respect to either the change or the relative change in HDL cholesterol post-treatment. 
LDL/HDL ratios were significant different between treatment groups at the end of the 
treatment period (p < O.OOl), and all three treated groups had significantly lower ratios than 
the placebo group post-treatment. Similarly, there were highly significant differences between 
groups with respect to the change and relative change in the LDUHDL ratio’from baseline 
(both p < O.OOl), and all three treated groups had significant absolute and relative decreases 
which differed from the increase in the placebo group. 
The group given 0.9 g/day TOS had significantly lower triglycerides levels post-treatment 
than the placebo group. There was no other significant difference between groups, and none 
of the changes observed in triglycerides levels reached statistical significance at the 5% 
level. 



Table 5: Total, LDL, and HDL cholesterol concentration , LDLlHDL ratio, and triglycerides 
concentrations after a 4 week consumption of milk drinks with or without TOS fortification. 

Variables Placebo Drink 

(n=24) 
0.9 g/d 
(n=23) 

TOS Drink 
1.8 g/d 
(n=28) 

3.6gld 
(n=23) 

Total Cholesterol 
Absolute (mg/dL) 242 (235,249)* 
Change from baseline (mg/dL) 3.4 (-3.g,iO.8) 
Change from baseline (%) 1.3 (-1.8,4.3) 
Difference to Placebo (%) - 

LDL Cholesterol 
Absolute (mg/dL) 164 (158,171) 
Change from baseline (mg/dL) 3.4 (-3.2,lO.l) 
Change from baseline (%) 1.9 (-2.1,5.9) 
Difference to Placebo (%) - 

HDL Cholesterol 
Absolute (mg/dL) 49 (47,51) 
Change from baseline (mg/dL) -0.5 (-2.5,1.5) 
Change from baseline (%) -0.5 (-4.7,3.7) 
Difference to Placebo (%) - 

LDUHDL ratio 
Absolute 
Change from baseline 
Change from baseline (%) 

3.5 (3.4,3.7) 

0.1 (-0.0,0.3) 
3.5 (-1.0,8.0) 

Difference to Placebo (%) 

Triglycerides 
Absolute (mg/dL) 142 (129,155) 
Change from baseline (mg/dL) 3.6 (-g.6,16.9) 
Change from baseline (%) 1.6 (-9.2,12.3) 
Difference to Placebo (%) - 

232 (224,239) 
-6.9 (-14.4,0.5) 
-2.8 (-5.8,0.3) 
-4.3 (-9.4, 0.8) 

152 (145,159) 
-9.2 (-15.9,-2.5)- 
-5.4 (-9,5,-l .4)" 
-7.4 (-14.2,-0.6) 

53 (51,55)"" 
2.8 (0.8,4.9) 
5.8 (1.5,lO.O) 
5.0 (-2.2,12.2) 

3.1 (2.9,3.2 j"' 
-0.4 (-0.5,-0.2)"" 
-10.2 (-14.8,- 
5.6)"" 
-12.7 (-20.4,- 
5.0)"" 

133 (120,147)" 
-4.9 (-18.4,8.5) 
-0.1 (-11.0,10.8) 
-1.3 (-19.6,17.0) 

229 (222,235) 
-9.9 (-16.7,-3.1)- 
-4.0 (-6.7,-l .2)" 
-5.5 (-10.4,-0.6) 

150 (144,156)- 
-1 1.2 (-17.3,-5.1)"" 
-6.6 (-10.3,-3.oj- 
-8.6 (-15.1,-2.1)" 

51 (5053)' 
1.4 (-0.4,3.3) 
2.6 (-1.2,6.5) 
1.9 (-4.9,8.8) 

3.1 (3.0,3.3 j-' 3.0 (2.8,3.1)"" 
-0.3 (-0.4,-0.1)"" -0.4 (-0.6,-0.3)"" 
-8.6 (-12.7, -4.4)"" -11.5 (-16.0, -6.9)"" 

-11 .I (-18.4,-3.7)" -14.6 (-22.3,-6.8)"" 

138 (126,150) 
-0.5 (-12.7,11.6) 
2.3 (-7.6,12.2) 
1 .I (-16.4,18.6) 

220 (212,227)"" 
-18.9 (-26.3,-l 1.5)"" 
-7.8 (-10.8,-4.7)"" 
-9.1 (-14.3,-4.0)"" 

142 (136,149)'^'^ 
-18.7 (-25.4,-12.0)"^' 
-11.3 (-15.3,-7.3)"" 
-13.2 (-20.0,-6.5)"" 

50 (48,52) 
0.2 (-1.8,2.2) 
0.5 (-3.8,4.8) 
0.5 (-6.7,7.7) 

137 (123,150) 
-1.6 (-15.0,11.7) 
3.8 (-7.1, 14.6) 
2.4 (-16.0,20.7) 

'Mean (95% confidence interval) 
Asterisks indicate a significant difference to placebo or to baseline: *P<O.O5, "PcO.01, "'P<O.O05, "'P<O.OOl 

(Pro) Vitamins 

Table 6 shows vitamin A and E and alpha- and beta-carotene values at Visits 3 and 5, 
together with the absolute and relative change from Visit 3 to Visit 5. At Visit 3, there was no 
overall difference between treatment groups in vitamin A levels, but subjects given 1.8 g/day 
TOS had significantly lower levels of vitamin A than the placebo group (p < 0.05). Subjects 
given the placebo had a 4.4% increase in vitamin A levels between Visits 3 and 5, which was 
significant a’t the 5% level. At Visit 5, there was still no overall difference between treatment 
groups, but the placebo group had significantly higher levels of vitamin A than all three 
treated groups. There was no significant difference between treatment groups with respect 
either to the change or to the relative change in vitamin A between Visits 3 and 5. 
Vitamin E concentrations were not affected by TOS consumption. No significant difference 
between groups were seen at visit 3 or 5, and none of the changes or relative changes was 
significantly different from 0. 



No significant difference between treatment groups either at Visit 3 or at Visit 5 was seen in 
alpha-carotene levels. Subjects randomised tot3.6 g/day TOS experienced a significant 
decrease in alpha-carotene levels between Visits 3 and 5 (p c O.Ol), and this decrease was 
significantly different (p < 0.05) from the small increase observed in the placebo group. None 
of the relative changes in alpha-carotene was significantly different from 0, and there was no 
difference between treatment groups on this parameter. Beta-carotene levels showed no 
significant difference between groups, and none of the changes or relative changes was 
significantly different from 0. 

Table 6: Vitamin A and E, and alpha- and beta-carotene before and after a 4 week 
consumption of milk drinks with or without TOS fortification. 

Variables Placebo Drink 

(n=31) 
0.9 g/d 
(n=32) 

TOS Drink 
1.8 g/d 
(n=33) 

3.6gld 
(n=33) 

Vitamin A 
Visit 3 (umol/L) 
Visit 5 (umol/L) 
Change V5 to V3 (umol/L) 
Change V5 to V3 (%) 

Vitamin E 
Visit 3 (umol/L) 
Visit 5 (umol/L) 
Change V5 to V3 (umol/L) 
Change V5 to V3 (%) 

Alpha-Carotene 
Visit 3 (umol/L) 
Visit 5 (umol/L) 
Change V5 to V3 (umol/L) 
Change V5 to V3 (%) 

Beta-Carotene 
Visit 3 (umol/L) 
Visit 5 (umol/L) 
Change V5 to V3 (umol/L) 
Change V5 to V3 (%) 

2.32 (2.15,2.49)# 2.14 (2.01,2.27) 
2.39 (2.24,2.53) 2.14 (1.97,2.31)*** 
0.07 (-0.02,0.15) -0.02 (-0.14,0.11) 
4.4. (0.1,8.7) -0.6 (-6.6,5.3) 

37.6 (33.3,42.0) 

38.7 (34.3,43.0) 
1 .o (-1.7,3.7) 
5.0 (-1.2,11.3) 

0.31 (0.19,0.43) 

0.39 (0.24,0.53) 
0.07 (-0.06,0.20) 
75.8 (8.2,143.4) 

0.85 (0.58,1.13) 

0.92 (0.56,1.28) 
0.08 (-0.30,0.45) 
80.9 (-14.6,176.5) 

38.5 (33.3,43,8) 
36.2 (32.3,40.1) 
-2.5 (-7.6,2.7) 
-1.5 (-10.57.6) 

0.29 (0.27,0.52) 
0.29 (0.21,0.37) 
0.00 (-0.08, 0.08) 
16.4 (-10.6,43.4) 

1.02 (0.75,1.29) 
1 .oo (0.70,1.31) 
-0.01 (-0.32,0.30) 
27.6 (-3.7,58.9) 

2.06 (1.91,2.21) 
2.09 (1.93,2.25)**** 
0.01 (-0.09,0.12) 
0.8 (-3.9,5.5) 

37.7 (33.8,41.7) 
38.0 (34.8,41.3) 
0.2 (-2.6,2.9) 
4.0 (-5.5,13.5) 

0.40 (0.27,0.52) 
0.43 (0.29,0.57) 
0.03 (-0.09, 0.16) 
71 .O (2.4,139.6) 

1.23 (0.90,1.56) 
1 .I2 (0.86,1.38) 
-0.11 (-0.41,0.18) 
39.5 (-17.0,96.1) 

2.15 (2.02,2.29) 
2.20 (2.05,2.34)** 
0.01 (-0.10,0.12) 
1.5 (-3.8,6.8) 

35.4 (31.9,39.0) 
35.2 (31.9,38.6) 
-0.1 (-2.6,2.3) 
1 .I (-5.5,7.6) 

0.45 (0.29,0.60) 
0.30 80.21,0.38) 
-0.15 (-0.28,-0.02)" 
-9.7 (-34.0,14.7) 

1.09 (0.72,1.47) 
0.93 (0.67,1.20) 
-0.16 (-0.40,0.08) 
53.6 (-43.3,150.5) 

*Mean (95% confidence interval) 
Asterisks indicate a significant difference to placebo or to baseline: *PcO.O5, "P<O.Ol, *'P<O.O05, "*P<O.OOl 

DISCUSSION 

In the present double blind, placebo controlled study in mildly hypercholesterolemic subjects 
a milk drink enriched with different levels of TOS reduced both LDL and total cholesterol in a 
dose dependant manner. The daily intake of a low dose of 0.9 g TQS already yielded in 
significant decrease in LDL-cholesterol and in a highly significant decrease of LDL/HDL ratio. 
The consumption of the non fat based milk drink containing TOS resulted in decreases in 
total cholesterol of 4.3 - 9.1%, in 7.4 - 13.2% in LDL cholesterol, and in 12.7 - 14.6% in the 
LDL/HDL ratio. HDL was either not changed or significantly increased (+5.8% in 9.9/d TOS 
grow). ,. 



Several short and long term studies (e.g. Vanhanen et al, 1993; Miettinen et al, 1995, 
West&ate & Meijer, 1999, Hendriks et al, 1999) have shown that a daily intake of sterols or 
stanols can significantly lower total and LDL cholesterol by up to IO-15% with no change in 
HDL cholesterol. Sterol/stanol doses varied from 0.7 g per day up to 3.4 g per day and 
generally larger effects were seen with larger doses. However, studies investigating the dose 
dependancy for lipid lowering by sterols/stanols are rare. Miettinen et al (1995) compared the 
effects of 2 doses in a long term study. However the design of the study was not such to 
clearly differentiate the effects of the different doses. Subjects consumed for the first 6 
months 2.6 g/d, for the remaining 6 months of this 12 months study half of the subjects 
stayed at 2.6 g/d where as the other half reduced the dose to 1.8 g/d. At the end of the study 
the difference between the 2 doses was a little as 0.2 mmol/L (7.7 mg/dL) suggesting that the 
concentration dependency of cholesterol lowering may already be flattened out at doses 
bigger then 2 g. 

Check Hallikainen et al, 2000, J. Nutr 130(4):767-776 + Dose response study!!!! 

Hendriks et al (1999) studied the dose-response effects of a soy bean derived esterified 
sterol mixture in a carefully designed study. The 3 doses used (0.83 g, 1.61 g, 3.24 g) did not 
show a strong tendency of increased effects of higher doses. While the lowest dose reduced 
total cholesterol by 4.9% the highest dose reduced it by 6.8%. A similar tendency was seen 
for LDL cholesterol (6.7% vs 9.9%) as well as for LDL/HDL ratios (6.5% vs 7.8%). The 4 fold 
increase in dose resulted in a further LDL lowering of 48% (relative) or 0.1 mmol/L (3.8 
mg/dL). In our study dose dependency was somewhat stronger. While the lowest dose of 0.9 
g/d TOS resulted in a similar lowering in both total (4.3%) and LDL cholesterol (7.4%), the 
highest dose (3.6 g/d) resulted in a bigger reduction (TC: 9.1%, LDL 13.2%). The 4 fold 
increase reduced LDL by a further 0.25 mmol/L (9.5 mg/dL) or a relative 78%. The 2 studies 
differed in many things but the probably 2 most relevant were the population and the sterol 
form. Hendriks et al (1999) studied the effects in normocholesterolaemic subjects with an 
initial cholesterol level of approx. 5.2 mmol/L (200 mg/dL). In our study subjects were mildly 
hypercholesterolemic with a starting total cholesterol level of about 6.25 mmol/L (240 mg/dL). 
Clearly, there is a correlation between the degree of hypercholesterolemia and the degree of 
cholesterol reduction. The effect is more marked in subjects with elevated cholesterol levels 
(Pollak & Kritchevsky, 1981). 
Hendriks and co-workers used in their study sterol-esters whereas we used the free and 
unesterified from. Beside differences in composition and source of the mixtures (soy versus 
tall oil) this difference may be important in regard of effect. Esterified phytosterols and 
stanols are converted in viva to, and are physiologically equivalent to, proportional amounts 
of free phytosterols and stanols. Evidence indicates that the active form of the sterol esters is 
the free sterol. Pancreatic cholesterol esterase hydrolyses both cholesterol esters and 
phytosterol esters to their free forms [Swell et al, 19541. Cholesterol is not absorbed in the 
esterified form but must first be cleaved before it can be absorbed into the body. Hellman et 
al [I9531 fed labeled cholesterol to rats and observed that the labeled sterol appeared in the 
lymph in the free fraction before it appeared in the ester fraction. Although the above 
experiment has not been performed with phytosterol esters, it can be inferred that only 
phytosterols in the free form are absorbed. Direct comparisons between free phytosterols 
and esterified phytosterols in the rat found that the esterified forms were less effective as 
inhibitors of cholesterol absorption [Pollak & Kritchevsky, 19811. Similarly, Mattson et al 
[I 9821 reported lower efficacy of sitosterol oleate than free sitosterol in inhibiting absorption 
of cholesterol in the human and stigmasterol oleate was less effective than free stigmasterol 
in decreasing cholesterol absorption in the human [Matson et al, 19771. These results 
indicate that cleavage.of the sterol esters controls the availability of phytosterols for 
interaction with the cholesterol absorption mechanism. It can also be inferred that it is 
primarily the free phytosterols which interact with the cholesterol absorption mechanism. 

To our knowledge the present trial is the first study showing that a non fat based food is an 
excellent vehicle for delivering the benefits of sterols. In the past most studies used 



margarine or mayonnaise as delivery vehicle for the sterols/stanols. The fat content of these 
products were in the range of about 80% and only more recent studies (Hallikainen & 
Uusitupa, 1999) used fat reduced products (40% fat , w/w). Heinemann et al (1986), Becker 
et al (1992, 1993) and Denke at al (1995) used pastils or capsules for sterol/stanol delivery. 
In capsules sterols were suspended in oil. While Heinemann’s and Becker’s studies were 
rather small (below IO patients) they showed significant cholesterol lowering effects. Denke 
and co-workers however failed to show any cholesterol lowering effect. This was probably 
due to timing of administration. For best effects phytosterols should be ingested with meals in 
order to block absorption of endo- and exogenous cholesterol form the intestinal lumen 
(Pollak & Kritchevsky, 1981). This can be easily achieved if phytosterols are delivered via a 
food. 

While the positive action of plant phytosterols is wildly accepted and regarded as a useful 
dietary alternative to drug treatment for mildly hypercholesterolemic subjects, there is some 
concern about the possible negative effect of sterolslstanols on fat soluble vitamins and 
provitmains. The reduction of cholesterol by plant sterols is thought mainly due to decreased 
cholesterol absorption, therefore sterols may also interfere with the absorption of fat soluble 
vitamins. In a long term study using sitostanol ester enriched spreads Gylling et al (1996) 
showed that alpha-tocopherol and carotene concentrations were significantly decreased after 
consumption of 2 or 3 g. Lipid standardised alpha-tocpherol levels did however not change. 
Weststrate & Meijer (I 998) recorded a significant decrease of approx. 20% of (alpha&beta)- 
carotene (lipid standardised or not) after consumption of 3 g esterified plant sterols. In a 
recent study Hendriks et al (1999) discovered the same effects as Weststrate but additionally 
showed that the lowering effects were dose-dependant. The highest dose of 3.24 g of 
esterified plant sterols decreased plasma lipid soluble vitamins and carotenoids by 8 to 20%, 
effects were somewhat reduced a lower plant sterol doses of 1.61 g and 0.83 g per day. The 
plasma reductions were however only significant for carotenoids. Hallikainen & Uusitupa 
(1999) showed a significant decrease in the concentration of beta-carotene and alpha- 
tocopherol after 8 week consumption of 2.2 g esterified sterols. However, there were no 
significant changes when the values were related related to the serum total cholesterol 
concentration. In the study of Hallikainen and co-workers (1999) beta-carotene 
concentrations decreased significantly after consumption of both approx.2.2 g vegetable or 
tall oil derived stanol esters. Gylling et al (1999) investigated whether sitostanol ester 
margarine affects serum levels of (pro)vitmains. Vitamin D, retinol and the ratio of alpha- 
tocopherol to cholesterol were unchanged by sitostanol esters. Beta- and alpha-carotene 
were significantly reduced in the sitostanol group from baseline and in relation to controls by 
up to 25%. 
In contrast to the above studies with esterified plant sterols Sierksam et al (1999), 
investigating the cholesterol lowering effects of free soy sterols, could not detect any 
negative effect on (alpha&beta)-carotene concentrations. This may have been an effect of 
the low daily intake of 0.8 g per day. In our study, the consumption of free sterols had no 
negative effect on vitamin A, vitamin E and beta-carotene concentrations. There was no 
significant difference between treatment groups with respect to either change or relative 
change. Alpha-carotene levels did not show any significant difference between treatment 
groups, however subjects consuming 3.6g/d TOS experienced a significant decrease in 
alpha-carotene levels during the 4 week treatment phase. It is unclear why free sterols may 
have no lesser negative effect on carotenoid concentrations and further studies will be 
needed to verify and understand the reported finding. 

CONCLUSIONS 

This present study shows that the daily consumption of 3 milk drinks delivering 0.9 g, 1.8 g, 
or 3.6 g of TOS significantly lowers total and LDL cholesterol in mildly hypercholesterolemic 
subjects. Total cholesterol was lowered by 6.9 - 18.9 mg/dL, LDL cholesterol was reduced 
by 9.2 - 18.7 mg/dL. LDL/HDL ratios were also significantly decreased by 0.28-0.43 in the 3 



treatment groups This effects were seen without any negative effects on serum 
concentrations of vitamin A and E and beta-carotene. Alpha-carotene did not differ 
significantly between the active groups and placebo, however was significantly reduced 
during the 4 week treatment phase in the group consuming 3.6g/D TOS. 
A milk drink can serve as a useful delivery vehicle for phytosterols and positively influence 
lipid status of mildly hypercholesterolemic subjects. 

REFERENCES 

Bean, G.A. 1973. Phytosterols. Adv. Lipid Res. 11:193-218. 

Becker M., Staab D., and von Bergmann K. 1992. Long-term treatment of severe familial 
hypercholesterolemia in children: effect of sitosterol and bezafibrate. Pediatr. 89:138-42. 

Becker M., Staab D., and von Bergmann K. 1993. Treatment of severe familial 
hypercholesterolemia in childhood with sitosterol an sitostanol. J. Pediatr. 122:292-6. 

Borgstrom, B. 1976. Plant sterols. In: Nutrition and cardiovascular disease, E.B. Feldman 
(ed.); Appleton-Century-Crofts; New York, USA, pp. II 7-l 38. 

Denke, M.A. 1995. Lack of efficacy of low-dose sitostanol therapy as an adjunct to a 
cholesterol-lowering diet in men with moderate hypercholesterolemia. Am. J. Clin. Nutr. 
61:392-396. 

Farquhar, J.W., Smith, R.E., and Dempsey, M.E. 1956. The effect of beta sitosterol on the 
serum lipid levels of young men with arteriosclerotic heart disease. Circulation 14:77-82. 

Grundy, S.M., and Mok, H.Y.I. 1976. Effects of low dose phytosterols on cholesterol 
absorption in man. In: Lipoprotein metabolism, H. Greten (ed.); Springer, Berlin, Heidelberg, 
New York, pp. 112-I 18. 

Gylling H., and Miettinen T.A. 1994. Serum cholesterol lipoprotein metabolism in 
hypercholesterolemic NIDDM patients before and during sitostanol ester-margarine 
treatment. Diabetologia 37:773-80. 

Gylling H., and Miettinen T.A. 1995a. The effect of cholesterol absorption inhibition on low 
density lipoprotein cholesterol level. Atherosclerosis 117:305-8. 

Gylling H., and Miettinen T.A. 1996. Effects of inhibiting cholesterol absorption and synthesis 
on cholesterol and lipoprotein metabolism in hypercholesterolemic non-insulin-dependent 
diabetic men. J. Lipid Research 37:1776-85. 

Gylling H., Siimes M.A., and Miettinen T.A. 1995b. Sitostanol ester margarine in dietary 
treatment of children with familial hypercholesterolemia. J. Lipid Research 36:1807-l 2. 

Heinemann, T. Leis, O., and von Bergmann, K. 1986. Effect of low-dose sitostanol on serum 
cholesterol in patients with hypercholesterolemia. Atherosclerosis 61:219-223. 

Heinemann, T., Axtmann, G., and von Bergmann, K. 1993. Comparision of intestinal 
absorption of cholesterol with different plant sterols in man. Europ. J. Clin. Invest. 23:827- 
831. 

Heinemann, T., Kullak-Ublick, G.A.‘, Pietruck, B., and von Bergmann, K. 1991. Mechanisms 
of action of plant sterols on inhibition of cholesterol absorption. Comparison of sitosterol and 
sitostanol. Eur. J. Clin. Pharmacol. 4O:S59-S63. 

Ikeda, I., Tanabe, Y., and Sugano, M. 1989. Effects of sitosterol and sitostanol on micellar 
solubility of cholesterol. J. Nutr. Sci. Vitaminol. 35:361-369. 

Jones, P.J., MacDougall, D.E., Ntanios, F., and Vansone, C.A. 1997. Dietary phytosterols as 
cholesterol-lowering agents in humans. Can. J. Physiol. Pharmacol. 75:217-227. 



European Jwmal of Clinical N&%M (1999) S&319-327 
0 1999 Stockton Pm. All rights reserved 0954-3007/99 $12.00 
http://www.stackton-press.co.uk/ejcn 

Spreads enriched with three different levels of vegetable oil 
sterols and th,e degree of cholesterol lowering in .- 
normocholesterolaemic and mildly hypercholesterolaemic 
subjects 
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Vlaardiuget~. The Netherlands 

. 

Objective: TO investigate the dose-response relationship between cholesterol lowering and three different. 
relatively low intake levels of plant sterols (0.83, I.6 1,3.24 g/d) from spreads. To investigate the effects on lipid- 
soluble (pro)vitamins. 
Design: A randomized double-blind placebo cqntrolled balanced incomplete Latin square design using five 
spreads and four periods. The five study spreads included butter, a commercially available spread and three 
experimental spreads fortified with three different concentrations of plant sterols. 
Subjects: One hundred apparently healthy normocholesterolaemic and mildly hypercholesterolaemic volunteers 
participated. 
Interventions: Each subject consumed four spreads, each for a period of 3.5 week. 
Results: Compared to the control spread, total cholesterol decreased bv 0.26 (Cl: 0.15-0.36), 0.31 (CI: 0.20- 
0.41) and 0.35 (CI:0.25-0.46)mmol/L, for daily consumption 0; 0.83, 1.61 and 3.24g plant sterols. 
respectively. For LDL-cholesterol these decreases were .O.20 (Cl: O.lO-0.31), 0.26 (CI: 0.15-0.36) and 0.30 
(CI: 0.20-0.41). Decreases in the LDL/HDL ratio were 0.13 (CI: 0.04-0.22), 0.16 (CI: 0.07-0.24) and 0.16 
(CI: 0.07-0.24) units, respectively. Differences in cholesterol reductions between the plant sterol doses 
consumed were not statistically significant. Plasma vitamin Kl and ‘S-OH-vitamin D and lipid standardized 
plasma lycopene and alpha-tocopherol were not affected by consumption of plant sterol enriched spreads. but 
lipid standardized plasma (alpha + beta)-carotene concentrations were decreased by about I1 and 19% by daily 
consumption of 0.83 and 3.24g plant sterols in spread, respectively. 
Conclusions: The three relatively low dosages of plant sterols had a significant cholesterol lowering effect 
ranging from 4.9-6.8%, 6.7-9.9% and 6.5-7.9%, for total, LDL-cholesterol and the LDL/HDL cholesterol 
ratio, respectively, without substantially affecting lipid soluble (pro)Gtamins. No significant differences in 
cholesterol lowering effect between the three dosages of plant sterols could be detected. This study would 
support that consumption of about 1.6 g of plant sterols per day will benefically affect plasma cholesterol 
concentrations without seriously affecting plasma carotenoid concentrations. 
Sponsorship: Unilever Research Vlaardingen, NL 
Descriptors: cholesterol-lowering diet: plant sterols; dosage; spreads; lipid soluble (pro)vitamins 

Introduction 

One of the major modifiable risk factors for ,coronary heart 
disease (CHD) mortality is plasma cholesterol concentra- 
tion. Several large scale intervention trials have shown that 
cholesterol lowering drug therapy in hypercholesterolaemic 
patients beneficially affects CHD mortality risk (Gould et 
al, 1998). Mildly hypercholesterolaemic subjects usually 
have dietary guidelines prescribed as a first treatment to 
lower their blood cholesterol. Notmocholesterolaemic sub- 
jects may apply such a diet as a part of a healthy life-style. 
However, the percentage reduction in blood total choles- 
terol attributable to dietary advice is modestly effective in 
free-living subjects; that is a reduction of total cholesterol 
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varying between 3 and 6% (Tang et al, 1998). Dietary 
factors contributing significantly to a reduction of total 
cholesterol by dietary advice include high concentrations of 
linoleic acid and low concentrations of saturated fatty acids 
(Keys et al. 1965; Mensink & Katan, 1992: Katan et al. 
1994). 

The cholesterol lowering properties of plant sterols have 
been known since the 1950s (Pollak, 1952). High dosages 
of plant sterols have been applied to lower plasma choles- 
terol concentrations in hypercholesterolaemic subjects 
(Ling & Jones, 199.5). No obvious side effects have been 
observed in humans, except in individuals with phytoster- 
olemia (Liitjohann & Bergmann, 1997). The mechanisms 
of hypocholesterolaerpic action may include inhibition of 
cholesterol absorption (Pollak & Kritchevsky, 198 1). 
Recently, it was suggested that substitution of sitostanol- 
ester enriched spread for a portion of normal dietary spread 
is suitable as a strategy to reduce serum cholesterol in the 
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population. A one-year intervention study (Miettinen ef al, 
1995) showed that consumption of sitostanol-ester enriched 
spread by subjects with mild hypercholesterolaemia was 
effective in lowering serum total cholesterol and LDL 
cholesterol by 10 and 14%, respectively. Sitostanol-ester, 
which is derived from hydrogenation of sitosterol from pine 
tree woodpulp and subsequently esterified with a free fatty 
acid, is not the only effective cholesterol lowering plant 
sterol. Sterols from commonly used edible oils (soybean, 
rapeseed and sunflower oils), that is the 4-desmethylsterols 
sirosterol, campesterol and stigmasterol, have a similar 
cholesterol lowering effect (West&ate & Meijer, 1998). 

. 

However, plant sterols, including stanols, may also 
lower plasma concentrations of other lipophilic compounds 
as reported for carotene, lycopene and alpha-tocopherol 
(Weststrate & Meijer, 1998; Gylling et al, 1996). There- 
fore, an optimal plant sterol or stanol intake level has to be 
selected, reducing cholesterol concentrations optimally, but 
having minimal effect on other lipophilic compounds. 
Relatively few studies, however, have evaluated the dose- 
effect relation of dietary plant sterols or stanols. Usually 
one intake level has been applied in efficacy studies using 
mildly hypercholesterolaemic subjects. Sitostanol and 
sitostanol ester dosages in the various studies ranged 
from 0.7g/d (Miettinen & Vanhanen, 1994) to 3.4g/d 
(Pollak, 1952). Miettinen ef al. 1995 compared 1.8g/d 
and 2&g/d of sitostanol ester in the second part of his 
study showing a slightly stronger cholesterol lowering 
effect of the high dose on both total and LDL cholesterol. 
Sitosterol has been consumed in dosages ranging from 
0.7 g/d (Miettinen & Vanhanen, 1994) to 6 g/d (Weisweiler 
et al, 1984) in hyperchoiesterolaemic subjects and soy bean 
oil sterols in dosages from 0.7 g/d (Pelletier et al, 1995) to 
3.0g/d (Mensink & Katan, 1992) in normocholesterolae- 
mic and mildly hypercholesterolaemic volunteers. 

The main objective of this present study was to inves- 
tigate the dose-dependency of the cholesterol-lowering 
effects of three relatively low dosages, namely 0.83, 1.61 
and 3.24 g/d, of plant sterols derived from commonly used 
edible oils in spreads. These three spreads, and a control 
spread of similar fatty acid composition but not enriched in 
plant sterols and butter were used by normocholesterolae- 
mic and mildly hypercholesterolaemic subjects consuming 
their habitual Dutch diet. In addition, the effects on lipid- 
soluble (pro)vitamins including (alpha + beta)-carotene, 
lycopene, alpha-tocopherol, vitamin Kl and 25-OH-vitamin 
D were evaluated. 

Subjects and methods 

The study was conducted according ‘to Good Clinical 
Practice at the TN0 Nutrition and Food Research Institute. 
Zeist, Netherlands. The study protocol was approved by the 
TN0 Medicai Ethical Committee. 

subjects 
Subjects were recruited from a pool of volunteers contain- 
ing no TN0 employees. -Respondents received a verbal 
briefing and received the same information in writing. They 
signed for informed consent and filled in a questionnaire on 

- life style, disease history and dietary habits. Each of the 
respondents was physically examined and blood was col- 
lected after an overnight fast, for routine blood chemistry. 

A total of 147 subjects was screened of which 100 
were included in the study. All volunteers included were 

apparently healthy. Health status was assessed by disease 
history questionnaire, physical examination and routine 
blood chemistry. Eligible subjects did not suffer from 
chronic gastrointestinal complaints and/or cardiovascular 
disease, high blood pressure (according to WHO guide- 
lines), high blood cholesterol (fasting semm total choles- 
terol < 7.5 mmol/L). They also did not use prescribed 
medication (except oral contraceptives) and were not on a 
diet for medical reasons. Eligible subjects reported inten- 
sive exercise for not more than 10 h/week. consumption of 
a habitual Dutch diet including the use of spreads (assessed 
by dietary questionnaire) and consumption of alcoholic 
beverages for less than 22 units/week when female and 
for less than 29 units/week when male. 

E.rper-imental design 
The study had a double-blind. placebo-controlled. balanced 
incomplete Latin square design using five spreads and four 
periods. This design controls for between subject variation 
and for variation over time. In addition this design results in 
a balanced randomization of treatment orders over the 
subjects, so that any systematic effect of the order i:- 
which treatments were given will not create bias in the 
comparison of the treatment means. Subjects received in 
four consecutive periods of 24 or 25 d (3.5 weeks) 25 g 
spread per day. The included subjects were randomly 
allocated to the spreads. One hundred volunteers were 
included and consequently data were obtained for each 
spread from eighty subjects. The five spreads included 
butter and a control spread, that is a commercially available 
spread Flora (Van den Bergh Foods, Crawley, UK) and 
three test spreads, which were spreads fortified with three 
concentrations of plant sterols, namely 3.37% (w/w). 
6.47% (w/w) and 13.06% (w/w) derived from cominonly 
used edible oils. These three test spreads should provide 

’ 0.85 g/d, 1.62 g/d and 3.26g/d of plant sterols. respec- 
tively, assuming 100% compliance of the subjects to the 
treatments. Flora has a very similar fat composition as the 
spreads containing plant sterols, and was used as the control 
spread for the quantitative evaluation of the cholesterol 
lowering effects of plant sterols. Butter was used as alter- 
native, commonly used spread, with a completely differen; 
fat composition. The spreads were intended to replace ai . 
equivalent amount of the spread(s) habitually used by the 
volunteers. To ensure all the spread was consumed. the 
volunteers were instructed not to use it for cooking or 
frying. Half a portion was to be used with lunch and the 
other half with dinner, for example by mixing it with the 
meal on the subjects’ plate or by spreading it on bread or 
toast eaten at dinner. Volunteers’and TN0 personnel were 
blinded. Unilever packed all test spreads in tubs of 25 g and 
delivered them in boxes with a blind code. The tubs were 
subsequently labelled with the subject number and study 
period. 

Spreads were dispensed to the subjects twice per spread 
period. The volunteers received a leaflet containing instruc- 
tions on storage conditions and consumption of the spreads, 
containing also space for the specification of deviations 
from rhe instructions. Each subject was provided with o,ne 
portion for each study day and four spare portions per study 
period in case of damage or loss. Portions not consumed 
(including spare portions) were returned to TN0 halfway 
and at the end of the period. Compliance was calculated 
based on subjects specification of deviations and on the 
number of portions retuined. In case of conflicting 



information, the worst case was assumed. During the study, 
subjects maintained their daily routines and used a self- 
selected diet. 

Fasting blood was sampled at the end of each period 
(after 3.5 weeks). Analyses were carried out after ending 
the clinical part of the sttidy when all blood samples were 
collected. Body weight was measured half way and at the 
end of each period. Also, health status and medicine use 
were registered by questionnaire half way and at the end of 
each period. Adverse events were reported by the volun- 
teers by filling in a questionnaire halfway and at the end of 
each period. The medical investigator consulted the volun- 
teers when additional information was needed. Dietary 
intake was assessed with a food frequency questionnaire 
at the end of each period. 

Spreads 
The plant sterol enriched spreads were prepared by Van den 
Bergh Foods, Purffeet, UK. The spreads were fortified with 
plant sterol (-ester) concentrates derived from vegetable 
(predominantly soybean) oil distillates (Henkel Corpora- 
tion, LaGrange, USA). The vegetable oil sterols were 
esterified with fatty acids from sunflower-seed oil to an 
esterification degree of 82% (Unilever Research Labora- 
tory, Vlaardingen, The Netherlands). The sterol concen- 
trates were refined and used in spread production together 
with other edible oils and fats (sunflower-seed oil, rapeseed 
oil and hard stock) to produce spreads as close as possible 
in fatty acid composition as the non-fortified control. Total 
fat content, fatty acid composition, free sterols, carotenoids 
and alpha-tocopherol content of spreads were measured as 
described previously (Weststrate & Meijer, 1998). 

The butter and spread composition is given in Table 1. 
As expected, the plant sterol enriched spreads have a fatty 
acid composition very similar to that of the control spread 
(Flora), while ihe fatty acid composition of butter is 
different. Butter contains more saturated fatty acids as 
compared to Flora (59.9 and 15.3 g/ 100 g, respectively). 
As a consequence, unsaturated fatty acids contribute much 
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less to butter as compared to Flora; oleic acid contents are 
15.1 and 20. I g/ 100 g, respectively and the sum of linoleic 
and Iinolenic acid content are I .5 and 33.0 g/ 100 g, respec- 
tively. In addition, butter has a higher content of frans fatty 
acids as compared to Flora (2.9 and 0.4 g/100 g. respec- 
tively). The experimental spreads have a trans fatty acid 
content of 0.8 g/ 100 g. 

321 

Blood lipids and routine blood chemistp 
Blood was collected after an overnight fast from the 
antecubital vein using Vacutainer” tubes. For serum collec- 
tion, blood was collected in tubes containing clot activator. 
Blood was centrifuged within one hour after collection and 
serum stored at - 18’C. Alkaline phosphatase. ALP; 
alanine transaminase, ALT; aspartate transminase, AST: 
gamma-glutamate transaminase, gamma-GT; total choles- 
terol; HDL-cholesterol, after preiipitation with polyethy- 
lene glycol: and triglycerides were determined using 
commercial test kits (Boehringer. Mannheim, Germany) 
on a Hitachi 911 automatic analyser (Hitachi Instrument 
Division, Ibaraki-ken, Japan). Serum LDL-cholesterol con- 
centration was calculated using the formula by Friedewald 
et al, 1972. 

Plasma lipid-soluble (pro)vitamins 
Blood was collected in ice-chilled tubes containing lithium 
heparin and put in a cool dark box immediately after 
collection. Blood was centrifuged within half an hour 
after collection, and plasma stored at - 7O’C until ana- 
lyses. Lycopene. (alpha + beta)-carotene, and alpha-toco- 
pherol were determined by Unilever Research 
(Vlaardingen, Netherlands) in all samples except for 
those obtained after butter consumption. Plasma was 
extracted by addition of ethanol and n-heptane containing 
ethyl-beta-apo-8’-carotenoate and alpha-tocopheryl-acetate 
as internal standards, followed by a second extraction step 
with n-heptaneldiethyl ether (1: 1 (v/v)). A normal phase 
Nucleosil jN(CH,), column (Machery & Nagel, Dueren, 
Germany) was used with a flow of 0.8ml/min using 

Table 1 Composition of spreads 

Componenr fhrtrer Flora" 
3.37% (\\./W) 6.47% CW/W) 13.06% (W/W) 
p/on/ srerols plaw sreruls planr srerols 

Total fat as fatty acids (g/ 100 g) 
Major fatty acids (g/ 1OOg) 
Total Saturated fatty acids 
Laurie (CI2:O) 
Myristic (C14:O) 
Palmitic (Cl6:O) 
Steak (C18:O) 
Oleic (C18:I cis) 
Linoleic (C18:2.9c. I2c) 
Linolenic (C18:3 9c. IZc. 15ct 
Total trans 
Total sterols (mg/ IO0 g) 
Major sterols (mg/ 100 g) 
Cholesterol 
Brassicasterol 
Campesterol 
Campestanol 
Stigmasterol . . 
Beta-sitosterol 
Sitostanol 
Delta-5-Avenasterol 
Delta-7-Stigmastenol 
Alpha-tocopherol (mg/ 100 g) 
(Alpha+ betakcarotene (mg/lOOg) 

“Control: not enriched in sterols. 

83.6 

59.9 
3.9 

10.7 
28.4 
7.8 

15.1 
I.1 
0.4 
2.9 

221 

213 

2.2 

1.9 

I.8 
0.6 

69.4 

15.3 
1.7 
0.7 
9.3 
2.5 

20. I 
31.5 

1.5 
0.4 

298 

2.9 
13.9 
63.3 
4 

12.6 
159 

9.1 
16.1 
31.7 
OS 

70 70.6 69.8 

15.5 15~7 15.7 
1.6 1.7 1.7 
O.? 0.7 0.7 
9.3 9.5 9.6 
2.7 2.7 2.6 

19.6 20 20.3 
32.2 2.2 ;I 

I.4 1.3 I .A 
0.8 0.8 0.8 

3370 6466 1305; 

II.' 21.6 III 
56.4 IO1 204 

825 1397 3290 
25.l 82.7 122 

602 II98 249-l 
1629 304-l 6233 

56 120 162 
46 96.5 137 
273 35.9 60.2 
37.7 30. I 26.3 
0.7 0.8 0.8 3 
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n-heptane as the mobile phase. The carotenoids were 
detected at 450nm, alpha-tocopherol was detected at 
294nm (Weststrate & Van? Hof, 1995). 

Plasma carotenoid and alpha-tocopherol concentrations 
were standardised for plasma lipid (total cholesterol + total 
triacylglycerol) concentrations, because the sterol enriched 
spreads affected the concentrations of blood lipoproteins, 
which are the plasma carriers of carotenoids and alpha- 
tocopherol. 

Vitamin Kl and 25-OH-vitamin D were analysed at the 
TN0 Institute in all samples except for those obtained after 
butter consumption. For vitamin Kl analyses plasma was 
extracted by addition of methanol and hexane and 2’,3’- 
dihydrophylloquinone was added as internal standard. 
Vitamin Kl was analysed by HPLC, using an Inertsil 5 
ODS-3 reversed-phase column (Chrompack) with post 
column electrochemical reduction and fluorimetric detec- 
tion (Haard er al, 1986). For vitaminD analyses plasma 
was extracted with a mixture of dichloromethane, methanol 
and water, and 25-OH-vitamin D was isolated by chroma- 
tography on a small silica column. The 25-OH-vitamin D 
content was analysed using a competitive protein binding 
assay (Berg ef al, 1991). 

Dietan, intake 
Dietary intake, excluding the spreads, was assessed at the 
end of each of the four periods using a modified version of 
the validated TN0 food frequency questionnaire (Grooten- 
huis ef al. 1995). The questionnaire was applied to assess 
continuity in the intake of macronutrients, main fats, total 
energy, alcohol and fibre. The questionnaire was modified 
to obtain more detailed information on the intake of 
specific brands of spreads and dietary fats in the habitual 
diet and consequently to better evaluate fat composition 
(like SAFA, MUFA, PUFA) of the habitual diet during 
each period. Subjects completed the questionnaire during 
their visit to the Institute at the last day of each period. The 
dietitian then checked the questionnaires for completeness, 
and, where necessary, asked subjects to check questions at 
home and return answers by mail. For calculation of the 
nutrient intake the ‘Netherlands Food Composition Table 
(NEVO)’ was used. Specific fat composition data were 
expanded upon a large number of extra brands of spreads 
and dietary fats, as provided by Unilever. 

Statistical ana1.vse.s 
Differences in variables measured between spreads were 
evaluated by a two-sided ANOVA, using the following 
factors: subject, spread, period and residual effects (includ- 
ing carry-over). Two analyses were performed: residual 
effects corrected for direct effects and direct effects cor- 
rected for residual effects. Residual effects were observed 
for total and LDL-cholesterol and consequently the direct 
effects were corrected for these residual effects. Residual 
effects observed were small, and correction for them did 
not affect the results. In this present study residual effects 
may well be a consequence of the design and may not have 
a biological basis. +- 

Since the lipid-soluble (pro)vitamins were not analysed 
after butter consumption. for those parameters the above 
mentioned design could not be used. Correction for residual 
effects was not possible because data for the previous 
period were incomplete, that is, absent when butter was 
consumed in the previous period. In addition, the number of 
spreads (for which data were available) was not the same 

for all subjects; 3 for 60 subjects and 4 for 20 subjects. 
Therefore, analysis was carried out with a simplified model 
not including residual effects and for n = 60 subjects. 

Data are expressed as the mean rt s.d. Presented changes 
and their 95% confidence interval (CI) are calculated using 
the least square means Data which were not distributed 
normally were In transformed before statistical analysis 
(only (alpha + beta)-carotene and vitamin Kl). The percen- 
tal change and the 95% confidence intervals calculated 
from the transformed data were transformed again to the 
original scale in order to facilitate interpretation. The least 
significant difference between spreads is expressed as a 
percentage (last column of Table 5). The null hypothesis 
was rejected at the 0.05 level of probability. The statistical 
analyses were performed using Genstat 5 Release 3.1 
(Lawes Agricultural Trust, Rothamsted Experimental 
Station). 

The study was unblinded after reporting of the adverse 
events. evaluation and statistical analysis of food intake 
data and all biochemical data except vitamin D and K. 

Results 

General 
The study started with 100 volunteers. 42 males and 58 
females, with a mean age of 37& 10 y ranging from 19- 
58 y, and a mean body mass index of 22.8f2.5 kg/m’ 
ranging from 17.7-28.6 kg/m’. Baseline fasting total-. 
LDL- and HDL-cholesterol concentrations were 5.10 f 
0.97mmol/L (range: 2.71-7.42), 2.97& 0.83 mmol/L 
(range: 1.12-5.22), and 1.65iO.38 mmol/L (range: 0.75- 
2.63), respectively. All participants completed the study. 

Compliance was generally very good. only about 1% of 
the portions of the spreads was not consumed. distributed 
equally over the five spreads. Average spread consumption 
was 24.7 g/d for the 3.37% (w/w) plant sterol spread. 
24.9g/d for the 6.47% (w/w) plant sterol spread and 
24.8g/d for the other three spreads. Consequently. the 
average daily plant sterol consumption was 0.83 g, 1.6 1 g 
and 3.24 g. respectively. 

Body weights were 72.3 Z+Z 11.0, 71.4& 10.9, 72.1 f 
11.2. 72.2 f 11.2 and 72.01 10.4 kg after butter and Flor 
consumption and after daily consumption of 0.83, 1.61 ah, 
3.24 g plant sterols. respectively. Body weights differed 
only slightly after daily consumption of 1.61 and 3.24 g 
plant sterols, the difference being 0.3 kg (P < 0.0 I). This 
small difference is not expected to have affected the out- 
come of this study. 

Nutrient intake. excluding spread intake, during the four 
periods is shown in Table 2. Total fat intake and the 
contribution of saturated, monounsaturated and polyunsa- 
turated fatty acids to fat intake, dietary cholesterol and 
energy intake did not change during consumption of 
spreads. nor did any other calculated dietary intake 
parameter. 

No side effects occurred after the consumption of any of 
the spreads applied in these concentrations and under these 
conditions. Side effect testing included the liver enzymes 
ALP. .\LT. AST and gamma-GT ‘(Table 3) and adverse 
events reporting. 

Blood lipicis 
Total. LDL-, and the LDL/HDL cholesterol ratio were all 
decreased by plant sterol consumption, while triacylgly- 
cerol concentration was not affected (Table 4). 
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Table 2 Intake of energy, protein, fats, carbohydrates, dietary fibre and alcohol as assessed by a food frequency questionnaire at the end of each treatment 
period. covering that treatment period. Intakes are expressed as grammes and as percent energy (en%) during consumption of butter, Flora and 0.83. I .6 I 
and 3.24 g plant sterols. Values do not include intake of spreads’ 
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Nutrients 
Biter Flora 

(n=79) (8 = 79) 
0.83 g pfont sterois 

(n=79) 
I .6 I g pfant sremls 

(n=79) 
3.24 g plant SWofs 

(n = 80) 

Energy W) 
Protein (g) 

total 
vegetable 

Fat (g) 
totat 
SAFAb 
MUFAb 
PUFAb 
cholesterol (mg) 

Carbohydrates (g) 
total 
mono/-disaccharides 
polysaccharides 

Dietary fibre (g) 
Alcohol (g) 
Protein (en%) 

total 
vegetable 

Fat (en%) 
total 
SAFA 
MUFA 
PUFA 
cholesterol/energy (mg/MJ) 

Carbohydrates (en%) 
total 
mono-/disaccharides 
polysaccharides 

Alcohol (en%) 
Dietary tibre/Energy (g/MJ) 

9536f2715 

93.1 f 26.7 
33.8f 13.3 

87.5zt33.0 
34.9f 13.5 
30.2rt Il.6 
15.7* 7.8 

254.0194.9 

261.4& 79.8 
124.5143.6 
136.8147.4 
26.2 + 9.2 

91 I1 

16.9rt2.9 
6.Ozt 1.4 

33.5rt 6.3 
13.5-lrj.3 
11.612.3 
5.9& 1.8 

26.9& 7.2 

46.8 f 7.2 
22.3 f 5.6 
24.5f5.0 

2.8h3.2 
2.8f 0.8 

9432i2381 927013196 9304% 2752 

91.9k24.6 91.61t35.5 91.2zt29.0 
33.0&9.8 32.85 12.2 32.8zt I I .6 

87.1+28.6 83.1 f32.8 85.1 zt31.8 
34.5f11.7 33.6* 13.3 33.9+ 12.9 
29.9-f 10.2 28.2 iz 10.8 29.25 Ii.1 
16.Ok6.6 14.6h6.9 lS.2zt7.4 

244.8h83.8 249.5 i 166.9 248.7+ 100.2 

256.4571.0 259.2 & 94.3 254.5 f 17.3 
124.51462 124.63~ 54.8 124.2 It 44. I 
131.8zt39.1 134.6rt52.3 130.3rt45.3 
25.756.9 25.7rt8.6 25.8 318.2 

1Of 13 8&9 IOz!c 12 

16.8zt2.7 17.0f2.8 16.8f2.7 
6.Ozt I.1 6.1 rt 1.2 6.0f I.1 

33.915.6 32.9jz5.2 33.3f5.5 
13.5f2.9 13.4zt2.5 13.3 dz 2.7 
I l.6f2.1 11.2zt2.0 Il.4f.2.0 
6.2rt 1.6 5.7f 1.7 5.9* 1.7 

26.0f 6.2 26.4f 7.4 26.7f 6.6 

46.3 f 6.3 41.6i6.3 26.9 f. 6.5 
22.4f 6.0 22.8f 6.2 23.0&5.8 
23.954.5 24.8 f 4.9 23.9f 4.7 

3.lf3.8 2.6f2.6 3.l*4.0 
2.8f0.8 2.9f0.9 2.9f 1.0 

9762f 3243 

94.0f31.6 
34.8f 14.5 

90.5 * 35.3 
35.7rt 14.4 
31.6f12.8 
16.4rt8.1 

257.1 rt 100.3 

267.4f 96.2 
128.4rt51.3 
139.1i54.2 
26.3 f 9.5 

9rtll 

16.6k2.2 
6.0f 1.1 

33.9* 5.5 
13.51t2.86 
11.8f2.2 
6.0f 1.7 

26.7& 6.5 

46.75 6.7 
22.5k5.8 
24.2zk4.0 

2.8f3.7 
2.8 f 0.7 

“Butter contained 20.9 g fat and spreads contained 17.5 g fat. and contributed for about 8 and 7% of energy intake. not included in this table. 
bSAFA. saturated fatty acids; MUFA. mono-unsamraved fatty acids: PUFA, poly-unsaturated fatty acids. 

Table 3 
steroWb 

ALP. ALT. AST and ;,-CT concenlrations after consumption of butter. Flora and 0.83. I.61 and 3.24g plant 

Butter NW0 0.83 g plant sterols I .6 I g plant stwoi 3.24g plant sterol 
(n = 80) (n = 80) (n=80) (n = 80) (n = 80) 

ALP (U/L) 601 I4 59f 14 58-1: I5 58f IS 59f I5 
ALT (U/L) 1516 15i6 15f7 15f6 15f8 
AST (U/L) 19*5 19*5 19&5 20+5 2Of6 
;-GT (U/L) 18.219.3 17.618.7 17.8zJz9.4 18.219.6 18.1f9.3 

“ALP = alkaline phosphatase; ALT= alanine transaminase; AST = aspartate transaminase; Gamma-GT = gamma-glutamate 
transaminase. 
‘No statisticai significant ditrerences between treatments were present. 

Total and LDL-cholesterol concentrations decreased 
after the consumption of plant sterol enriched spread 
as compared to Flora (P < 0.001) and butter (P < 
0.001). Decreases in total cholesterol as compared to 
Flora were 0.26 (CI: 0.15-0.361, 0.31 ((X0.20-0.41) 
and 0.35 (CI: 0.25-0.46) mmol/L, for daily consumption 
of 0.83, 1.61 and 3.24 g plant sterols. respectively. For 
LDL-cholesterol these decreases were 0.20 (Cl: 0. lo- 
0.31), 0.26 (CI:O.l5-0.36) and 0.30 (Cl: 0.20- 
0.41) mmol/L. respectively. Differences in cholesterol 
reductions between the plant sterol doses consumed were 
not significant. Total and LDL-cholesterol concentrations 
decreased after Flora consumption as compared to butter 
consumption. 

HDL-cholesterol was not affected after consumption of 
the plant sterol enriched spreads as compared to Flora 
consumption. However, HDL-cholesterol was decreased 
after consumption of 1.61 and 3.24 g plant sterols as 
xompared to butter consumption (P < 0.01). Decreases 
were 0.047 (CI:O.O13-0.081) and 0.051 (CI:O.O17- 
0.085) mmol/L, respectively. 

Analysis of variance for the LDL/HDL cholesterol ratio 
shows a pattern very similar to that of total cholesterol and 
LDL-cholesterol. The LDL/HDL ratio decreased after the 
consumption of plant sterol enriched spreads as compared 
to Flora and as compared to butter. Decreases as compared 
to Flora were 0.13 (CI: 0.04-0.22), 0.16 (CI:O.O7-0.24) 
and 0.16 (C1:0.07-0.24) units, after 0.83, I.61 and 3.24 g 
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plant sterols, respectively. The LDL/HDL cholesterol ratio 
for Flora and butter were the same. 

Plasma lipid-soluble (pro)vitamins 

. 

Plasma concentrations of vitamin KI and 25OH-vitamin D 
were not affected by consumption of the spreads enriched 
in plant sterois. The compounds (alpha + beta)-carotene, 
lycopene and alpha-tocopherol were decreased after con- 
sumption of plant sterol enriched spreads as compared to 
Flora consumption. Plasma carotenoid and alpha-toco- 
pherol data were also lipid standardized to correct for the 
decreases in plasma lipids (Table 5). 
’ (Alpha + beta)-carotene concentrations were decreased 
With 12%. 11% and 19% after consumption of 0.83, 1.61 
and 3.24g plant sterois, respectively, as compared to 
consumption of Flora. The decrease in (alpha + beta)-car- 
otene concentrations was larger after consumption of 3.24g 
plant sterols as compared to consumption of 0.83 and 1.61 g 
plant sterols (P < 0.05). (Alpha + beta)-carotene concentra- 
tions per total plasma lipids were also decreased, namely by 
about 8 and 15% after consumption of 0.83 and 3.24 g plant 
sterols, respectively. 

Lycopene concentrations decreased by about I I- 15% 
after consumption of spreads enriched with plant sterols, 
respectively. No differences between the dose levels of 
plant sterols were observed. However, plasma lycopene 
concentrations per total lipid in plasma was not affected by 
consumption of any of the spreads enriched in plant sterols 
(Table 5). 

Alpha-tocopherol concentrations were decreased by 
about 6 and 8% after consumption of 1.61 and 3.24 g 
plant sterols, respectively. The highest plant sterol concen- 
tration decreased alpha-tocopherol concentrations further 
as compared to the lowest concentration. However, alpha- 
tocopheroi concentrations per total lipid in plasma were not 
affected by consumption of any of the spreads enriched in 
plant sterols. 

Discussion 

In this double-blind, placebo-controlled trial in normocho- 
lesterolaemic and mildly hypercholesterolaemic adult 
volunteers no statistical significant dose-dependency was 
observed in the cholesterol lowering effects of three dif- 
ferent dosages of plant sterols. Intake of total plant sterois 
as low as 0.83 g/d, already iesulted in significant decreases 
of blood cholesterol. Daily intake with lunch and dinner of 
plant sterol enriched spreads decreased total cholesterol, 
.LDL.cholesterol ahd the LDL/HDL ratio, but did not affect 

” plasma triacylglycerel and HDL cholesterol concentrations. 
IXcreases in total cholesterol were 4.9-6.X%. decreases in 
LDL cholesterol 6.7-9.9% and decreases in LDL/HDL 
ratio were 6.5-7.9% as compared to control spread con- 
sumption. The reductions in total and LDL-cholesterol 
observed are large and may, on a population basis, sub- 
stantially contribute to the prevention of coronary heart 
disease (Law et al. 1994). 

Theoretically, factors- other than spread consumption 
may have affected the outcome of the study. However, 
the study was double-blinded and compliance appeared to 
be extremely good. Also. intake of nutrients including 
dietary fats and total energy, did not differ significantly 
during consumption of the spreads as assessed by food 
frequency questionnaire. Moreover, consumption of plant 
sterol enriched spreads appeared to have no adverse side 
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effects, defined as several liver enzyme concentrations and 
adverse events reporting. 

In this present study a mixture of plant sterols obtained 
from commonly used edible oils (predominantly soybean) 
was applied consisting mainly of sitosterol also containing 
appreciable amounts of campesterol and stigmasterol. This 
mixture resulted in reductions of total and LDL cholesterol 
of4.9-6.8% and 6.7-9.9% respectively. These reductions 
are slightly lower as those reported in literature on both 
soybean derived plant sterols and wood pulp derived 
sitostanol esters. Pelletier et aI. 1995 applied soybean 
plant sterols and reported slightly higher reductions in 
total and LDL-cholesterol (10 and 15%, respectively). In 
most other studies the plant sterols applied were sitostanol 
ester (Miettinen et al, 1995; Vanhanen et al, 1993; Vanha- 
nen et a/, 1994). The study by Miettinen et al (1%). 
treating 153 subjects with a mild hypercholesterolaemia. 
resulted in a 10% reduction of total cholesterol and a 14% 
reduction of LDL cholesterol after 12 months in the study. 
After three months of sitostanol consumption, however, the 
reduction of total cholesterol was approximately 6.5%. 
which is similar to the reduction reported in this present 
study. Vanhanen ef al. reported reductions of LDL choles- 
terol of IO- 15% as compared to control in two studies with 
hypercholesterolaemic subjects (Vanhanen et al. 1993. 
1994) and Heinemann et al, 1986 report a cholesterol 
reduction of 15% in severe hypercholesterolaemic subjects 
as well. Weststrate & Meijer (1998) compared spreads 
enriched in plant sterols derived from commonly used 
edible oils and enriched in sitostanol ester. iieductions of 
plasma total and LDL cholesterol in their study were 8 and 
13%. respectively, independent of the plant sterols applied. 
These reductions correspond to the reductions in total and 
LDL cholesterol reported in this study. 

In this present study the effects of the three dosages of 
plant sterols did not show a clear difference in efficacy. 
However. 95% confidence intervals (as compared to con- 
trol) suggest increasing cholesterol reductions with increas- 
ing plant sterol content (Table 4). Dose-effect relationship 
was further investigated by analysing the significance of a 
trend in the three dose levels of plant sterols, using their 
orthogonal polynomials. This trend may either be linear or 
quadratic, because only three dose levels were included. . 

The analysis, however, did not show a linear (P = 0.076 for 
total cholesterol) nor a quadratic (P= 0.972 for total 
cholesterol) trend in any of the serum lipids analysed. 
The statistical power of the study as executed indicated 
that an overall significant difference between plant sterol 
concentrations, at a probability of P=O.O5 and expressed 
as a percentage of the grand mean, was 2.2 and 3.7% for 
total and LDL cholesterol. respectively. This corresponds 
to a difference of 0.1 I mmol/L for both parameters. The 
overall effect on total cholesterol varied between 0.15 and 
0.46mmol/L with the average decrease for the three 
concentrations of plant sterols being about 0.05 mmoi/L 
higher with increasing dose, namely 0.26, 0.31 and 
0.35 mmol/L for 0.83. I.61 and 3.24g plant sterol con- 
sumption. Therefore. the statistical power of the study may 
nor have been sufficient to detect the small differences in 
effect between the three plant steroi concentrations. 

Information on the dose dependency for blood lipid 
lowering by plant sterols is scarce. Only one experiment 
has directly compared the efficacy of different doses of 
plant sterols. In Miettinen’s long-term experiment (Mietti- 
nen er al. 1995) with a dose of 2.6 g sitostanol ester per day 
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for 12 months, half of the subjects received a dose of 1.8 g 
per day during the last six months. At the end of the study 
the difference in cholesterol reduction between the two 
dosages was only 0.2 mmol/L. This suggests that concen- 
tration dependency ,of the cholesterol lowering effect may 
be shallow in this concentration range. Miettinen ef al, 
1995 suggest that the practical interpretation is that these 
two doses produce a similar cholesterol-lowering effect. 

Dose-dependency may not only be shallow, some indi- 
cations for a threshold dosage are reported. Miettinen et al, 
1995 reported small reductions of cholesterol (2.4% as 
compared to an increase of 1.9% in control group) after 
consumption of 0.7 g plant sterols per day. VanHanen ef al 
reported a non significant reduction of cholesterol (7%) 
after intake of 0.8g plant sterols per day. These experi- 
ments, however, were performed with sitostanol ester 
derived from wood pulp, but not with plant sterols derived 
from commonly used edible oils. The experiment presented 
here showed a substantial cholesterol lowering effect of 
0.83 g plant sterols. Also Pelletier et al, 1995 reported a 
significant cholesterol reduction using a low dose, namely 
0.74g, soybean plant sterols. These data suggest that, at 
least for these plant sterols, a low dose is effective. 

One hypothesis put forward to explain the absence of a 
dose-dependency is that a compensatory increase in cho- 
lesterol synthesis occurs after consumption of higher 
dosages of plant sterols. VanHanen ef al (1993) evaluated 
concentrations of precursors of cholesterol and estimated 
that consumption of 2 g sitostanol per day (but not 0.8 g/d) 
by hypercholesterolaemic subjects increased cholesterol 
synthesis by 2 mg per day per kg body weight. Combining 
this with reported inhibitions of 30% (Vanhanen et al, 
1994) to 60% (Gylling & Miettinen. 1994) in the absorption 
of cholesterol originating from both the diet as well as from 
the enterohepatic circulation, leads to the conclusion that 
increased cholesterol synthesis may at least in part com- 
pensate for a reduction in cholesterol absorption. 

Since the reduction of cholesterol by plant sterols is 
thought to be mainly due to inhibition of cholesterol absorp- 
tion, plant sterols might also interfere with the absorption of 
other fat-soluble compounds like the fat-soluble vitamins. 
To the best of our knowledge. the effects of plant sterol 
intake on the status of vitamins D and K has not been 
reported on. In this present study no effects of any of the 
spreads enriched in plant sterols were observed. In a 1~ 

enrlcnea m plant sterols derived from commonly used edible 
oils applying an intake of 3 g plant sterols pe; day (West- 
strate & Meijer. 1998), plasma (alpha + beta)-carotene and 
lycopene concentrattons were reduced. E-r 
plasma llmd concentration, however. lvconene concentra- 
tion was not affected but (alpha + beta)-carotene concentra- 
bon was decreased. In this uresent studv similar results were 

‘ 

. n tame . brved a decrease in plasm- + beta)- - 
carotene,, lycopene and alpha-tocoph 
consumption of plant sterol enrlcnea 
the reductions m the total plasma lipids, however ~hnwPrf 
only plasma (alpha + beta)-carotene concentration to be 
rev 0 atter consumption of two ot t7ie 
thv, mat 1s the spreads enrlched m the low 
and tne nrgn aose ot plant sterdis. earmerrnrdsmaptravcr 

positive effects on health (Poppel, 1993; Manson et al. 
1993). Minimization or compensation for the carotenoid 
lowering effects of plant sterol enriched spreads should be 
considered. 

All three doses of plant sterols were effective in sub- 
stantially reducing to@ and LDL cholesterol. There may or 
may not be a dose dependency. Our study shows that both 
the lowest and the highest dose, but not the middle dose 
affect plasma carotenoid concentrations to a limited extenr. 
Therefore, this study would support that consumption of 
about 1.6 g of plant sterols per day will beneficially affect 
plasma cholesterol concentrations without seriously affect- 
ing plasma carotenoid concentrations. 

Conclusions 

This present study shows that daily intake of spreads 
enriched with 0X3-3.24 g plant sterols derived from com- 
monly used edible oils decreases total cholesterol by 0. I5 - 
0.46mmol/L as compared to consumption of control 
spread. LDL-cholesterol is decreased by 0. IO-0,4!- 
mmol/L as compared to control. LDL/HDL ratio$. 
decreased by 0.04-0.24 as compared to control. The test 
spreads do not affect HDL cholesterol as compared to 
control spread, but the spreads with the highest plant 
sterol contents do slightly reduce HDL cholesterol as 
compared to butter. Lipid standardised plasma alpha- 
tocopherol and lycopene were not affected by the plant 
sterol enriched spreads. However, lipid standardized 
plasma (alpha + beta)-carotene was reduced by daily con- 
sumption of 0.83 and 3.24 g plant sterols. 
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Effects of 2 low-fat stanol ester-containing margarines on serum 
cholesterol concentrations as part of a low-fat diet in 
hypercholesterolemic subject@ 

ABSTRACT 
Bsckgrouud: Ml-fat simmnoi cseer-containinp margarine 
redoccs senun total and ~01, cholcntcrol, hut the elkct of plaur 
sranol cstcr-conrainieg margarine as part orn low-fat, low-cho- 
lcstcrol diet has not been srudicd. 
Objcctivc: We investigated rhc cholcstcrol-lowering cffcct~ of2 
novel, low-fat stnnol cstcr-containing margarine8 n6 purl: or B 
low-fat &et ncommcnded for hypcrcholcstcrolcmic subjects; 
IleRlgn: In u pamllcl, double.blind study, 55 hypcrcholcx- 
tcalemic xubjscts wcrc randomly assigned after a 4-wk high-fat 
die1 (baseline) Lo 3 low-fat inrrgarinc group% wood srclnol 
cr;ter+!on6ninp; margarine (WSEM). vcgcrablc oil srtmol 
cstcr-containing mtqnrinc (VOSEM), and control rnargarinc (no 
sranol csccn), The groups consumed Be margarincs for 8 wk as 
pan of a diet rcscmbling thut of the Nntional Cholcstcrol Educa- 
tion Program’s Step I1 diet. The dztily mean rotal stanol intake w,as 
2.3 1 and 2,115 g in the WSBM und VOSEM groups, rcspccrivcly. 
Results: During rhc cxpcrimcntal period, the reduction in strum 
ton1 cholcstcxol was 10.6% (P < O.OOl) and 8.1% (P < 0.05) 
greater and in LDL cholcstcrol was 13.7% (P C 0.01) and 8.6% 
(P - 0.072) greater in the WSEM and VOSEM groups. rqcc- 
tivcly, than in rhc control group. &urn cumpexterd conccnm- 
tions dccrcascd 34.5% and 41.3% (!‘<I 0.001) in the WSEM and 
VOSEM groups, rcspccrivcly. Strum HDL cholesterol, 
sitostanol, cnmpcsranoi, p-carorcnc, and fat-soluble vitamin con- 
centrations did not change signif\canrly from bauclinc. 
Conclueions: WC conclude that rhc low-fat, plant skmol 
crrtcr-conlninin~ margarines are CfhXiVC cholcstcrol-lowering 
products in hypercholesterolemic subjects when used as pan of 
a low-fat, low-cholesterol diet They ofEr an addirional. clini- 
tally significant rcductian in serum cholcxtcrol conccnmtions to 
that obtained with a low-fat diet alone. Am J Clin Nurr 
1999;69:403-I 0. 

KEY WORDS Cholcstcrol,. low-fat diet, pldnt &no1 es~crs, 
sitostanol, cnmpcstanol. csrnpcstcrol. upolipopro~eins, 

-hypercholeste~~l~mia, margarine. humans 

An increased conccnrntion of LDL cholcstcrol is the mein 
risk factor for athcroscltrotic ocular dircase. Considemblc 
cffons have focused on diffcrcnt measures to lower elcvatcd con- 

connationa of LDL cholesterol, such as dicrary wd phurmaco- 
logic mcasurck 

Plant srcrols. shucturally resembling cholcstcrol, rcducc 
strum cholcatcwl concentrations by inhibiting rhc rbsovtion of 
both dietary and biliary cholesrcrol from the small intcstinc (1, 
2). SitosIanol, the saturated form of sitostcrol, has been shown to 
bc most ctt’ccrivc in this rcspcct (2, 3). Becaw ritostvlol is vir- 
ttinlIy hnabsorbablc, it has been considered Y rub way to rcducc 
elevated strum cholcstcrol conccnrmtione. Scvcml r;tudies have 
shown that 2.0-3.1) g sitoscanol fmm full-fat sitostanol 
ester..containing ma.rgarincs or mnyannuises signilictmtly 
reduces serum towI and LDL-cholcstcrol conccntrntions without 
affecting HDL-cholesterol or strum .ttiacylglyccrol conccntra- 
tions (4-9). However, the efIi?ct of plant strnol$ dclivcrcct in low- 
fat margsrincs on clevaU cholesterol concentrations as part of a 
rrxommcndcd low-fat, low-cholcstcrol dicr (IO) has nor hccn 
studied. 

Thcrcforc. WC invcntigatcd to what exlcnt the 2 low-fat mar- 
garincs cnrichcd with wood or wgetablc oil-hscd plant stanols 
would roducc 5crum total nnd LDL-cholesterol concentrations as 
part oia low-fat, low-cholcsccrol diet and whrthm or not these 2 
low-fat plant srrnol cstcr-contGning mng&rines would lower 
swum cholcstcrol conccntratione cqudly. 

SLIBJECT’S AND METHODS 

Subjects 

Altogcthcr, !?I Subjects were scrccncd for rhc study from the 
occupational h&h core system and former srudics canicd out at 
the Dcpartmcnt of Clinical Nutrition, Univcnity of Kuopio, 
Kuopio, Finland. To hc included in the SNdy, subjccrs had to 
have a serum tad cholcrterol concentration of 5.4-7.5-mmol/L; 
to have a swum triqlglyceml conccntmrion ~3.0 mmoVL; to 

I Prom tie Dqwrment ofClinicr4 Nutritiiw, UrhMty ofKucpi0. Kuopio, 
Finlund. 
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4w HALLIKAMEN AND LJUSlTUPA 

Ba~clinc. chnrucrerirtica of dw rubjccts in the 3 study goup’ ., “.. ..-. _*. .-I-... .-.. .: A... .._--.- ~.~.~.:L’.‘.:‘.‘l.:-‘-“‘- :--- ‘.’ ” i., .I. ._ . ..-. .,.. 1.:“.;. :‘,- ‘. ““‘.f “._. I. ,.,.,. ..,__ . . . . -.::..,-..“ ,... ..--..,_ 
WSEM group VOSEM group Conuol group 

Variables (II = U M. IO b’) ,,., ,.,,_.” .._,,,.,.___..,_” ,-.. . ., . ,,- ..___ I.--.--_,. ,I.... .I.. ,, (H - 6 M. 14 I:) .I._. ..- -_.. _ -... “, .._... ,,, (n = 6 M. I I I-‘) ,I.._ I..” . .._..__ 
hv (Y) 
Wcighl (kg) 

Mot1 
Winnun 

Body mnua index (kght?) 
W&t circurnrcretlcc (cm) 

Men 
Women 

Lipids (mmoYL) 
Totel cholcsrarul 
LUL eholratcrol 
I~IIX. chole~rcrol 
WicytglyCCdU 

Blnad pnrsurc (mm llg) 
Systolic 

43.2 f: A,2 

83.0 i 9.5 
64.Gh 11.0 
25.6 t 4.0 

93.4iR.I 
RI.2 f 12.1 

6.36 z!c 0.76 
4.36 f Il.76 
I.36 * II.38 
I .42 f 0.67 

123f8 
79?6 

40.8 t 9.3 46.0 f 8.2 

80.5 1: 12.11 LO.4 Ltz 7.5 
61.917.5 6R.I f 12.2 
24.2 2~ 3.0 25.7 f 3.5 

94.A f 9.3 
7H.l I9.4 

6.15 f 0.79 
a,21 * 0.R9 
I .37 f 0.32 
I .25 * 0.39 

94.8 f 8.4 
R3.1* 128 

5.Y) t 064 
4.10 f0.60 
I .27 * 0.27 
I .24 f 0.66 

127_+17 
LIl *9 

. . . . -..--_ .-.. ,., .- . . . . . . em...-.-.......-.- .,.,. --.. . ., . “._. -...: ~_._.__.I,,,._.._,. . - ,.-. -- .., ._ ..:.. ,.. _ 
‘If SD. Thcrc wcn no sipik;ln! dif&cllcas among groupa. WSEM. wcwl ~ktnol eatw-conrainin~ margarine; VOSEM, vcgelilblr oil sianal cstaexn- 

tnining mmurinc. 

bc aged 20-60 y; to hnvc normal liver, kidney, and thyroid func- 
rioa: fo not bc raking ~“y lipid-lowering drugs or ocher drugs that 
mighr affcca lipid concentrations; to bc willing to paticipatc; and 
fo not bc an &user of alcohol. On the basis of thcsc critiia, 60 
xubjecls won: sclcctcd for the study. Five subjecta dropped out at 
the beginning ol’ the run-in period for pcrxonul reasons. Tbcsc 
subjects did not differ in initial #L-m lipid concentrations, 
weight, or lif&ylc habirs from rhc 55 subjects who cornplctcd 
the study. Five subjccrs used low-cscrogcn mul contracepfivcs, 6 
used postmenopausal cstrogcn mcdicrrtion, tired 3 used calcium 
cbnnel blockers, diurcdcs, or both for the tm:Lltmenl of Iryper- 
rcnsion or ischcmic hart disease. Ten of the subjects wcrc 
smokers. The tiubjects wwc rcqucstcd to mainein rhcir weight, 
alcohol consumption, smoking habits, and physical activity dut- 
ing the snrdy. Basclinc characteristics of the subjccn arc shown 
in Table 1. The study protocol was approved by rhc Ethics Com- 
mitic of the University of Kuopio and all subjccls gsvc their 
infonncd consent. 

Study design 

This double-blind. parallel. randomized study consisted of a 
4-wk run-in period (high-fat diet) and an 8-wk cxpcrimcnral 
period (low-fat. low-cholcstcrol diet). In 2 subjects, the experi- 
mcntnl diet period lasrcd only 6 wk bccausc of a trip abroad. 

Routine laboratory mcasurcmntr; were taken at rbc screening 
visit and at the last visit of the study to ensure normal health st3- 
tw. h addition, medical hisrory, drug USC, smoking habits, alto- 
ho1 consumption, and physical aaiviry wcrc reviewed with a 
qucstiunntlire UL the same time points. The subjects started the 
study by following a high-fat dicr for 4 wk. At the end of the run- 

.-in period, the rubjocts wwc randomly assigned into 3 cxpri- 
mental gmupx: wood stanol cstcr-conraining mrrgnrint 
(WSEM), vegetable oil stanal csrcr-containing margarine 
(VOSEM), and control murgurine. Smoking and the phase of 
menstrual cycle wcrc taken into ticount in the randomiwrion. 
After randomization, rhc subjects followed a low-f&t dicr for rhc 
next 8 wk. Fasting blood samples wcrc take at the beginning of 

the run-in (-4 wk) and rhc cxpcrimerrtal diet (0 wk) periods and 
ut weeks 2,4, and 8. Body weight and r;i& cflccts wcrc rccordcd 
nt euch visit. 

The composition of the low~c&c acid rapcsccd oil-based 
low-fat mar~rincs (Raisio Group. Raisio, Finland) is presented 
in Table 2. The control margarine contained 35% of energy as fat 
and no added plant amnols. The Z rest margan’ncs contained 40% 
of cncrgy HI fat and wcro prcparcd with WC of commercially 
available plant ritcrols (wood stcrols: Ultra sitostcrol. Kuulcst~ Oy, 
Finland; vcgcrablc srcrols: dcrivcd principally from soy oil. 
Archer Danicls Midland Co, Decatur, IL) by rccrysrailixation, 
hydrogcnarion to form plrrnt ~tmols, and esroriticarion to pro- 
duce farry acid CSTCTS of the obttincd plant stanols. The subjects 
consumed 25 g low-fat mer&neld RS part of rhcir low-fat. low- 
cholestel~l dicr. The thcorcticnl hily intake of stanols was 2.34 g 
(2.15 6 sifosranol and 0.19 g campcstunol) in the WSEM group 
and 2.20 g (1.50 g sitosranol und 0.70 g campstanol) in the 
VOSEM group. Vimmin A (5.5 &g/g) and vitamin D (0.07 &g) 
wctc added to dl 3 spreads. The subjccrs rcccivcd co&d tubs of 
the test margarines when visiting the laboratory and they wcrc 
asked to record daily the consumption of the rest margarines. 

During rho run-in period, dietary goals wcrc to consume 
3638% of energy ak faI(16~ 18% as samratcb 14% * mOnOus 
san&cd, nnd 6% as polyunsaruratcd fat), 20% as protein, and 
40 44% as carbohydnrtc, During tic experimcnral period. rhc 
diet rcscmblcd the Step 1 diet 01 the National Cholcstcrol Edu- 
caion Program (10) nnd provided 28-30% of cncrgy as fat 
(S-IO% as sarurarcd. 12% as monouosarunred, and L!% ;1s 
polyunsarurarcd fany xi&). 20% PH ptorcin, arld 5&5Z% as car- 
bohydratc. The goal for cholcstcrol intie was 35.7 and 23.8 mg/MJ 
during the run-in and cxpcrimcntal pctioda, respectively. Except 
for rhc 3 test mnrgarincs, rhc diets wcrc compnxd of normal 
Finnish food items. Tlw fancy acid compositions wcrc adjusrod 
by changing the qmlity of spreads, vcgcnblc oils. and liquid 
milk products during ihc dilTercnt study periods. During the run-in 

. . 
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TWO LOW-FAT STAb!OL ESTER-CONTAINING MARGAKINES 405 

TnRLE 2 
Composition of ICJW-Cd WOWI atmna1 csrcr-zontsining (WSiiMJ, vc~$uble 
oil s,;lncJ rstrwontlining (VOSEM), and comrol mtlwurinc?ti’ -- -_ ,.,.-_ _.. ; ,;._. ,_..,_.-. ‘...cr’.~“.‘::1’.~-:,~‘-:‘--“‘--’ ” ” ,” .I:’ ,’ I, 

WSEM VOSEM Conoul 

1+lt 10.0 
Tcxal Alan& 2.34 
TcId unaanvnIcd sltrols 0,lO 
Fany acids 

Polyunka;uralcd 2.05 
many P*lyun.wluf&d 0.03 
Momonmuran-d 4.18 
~mns Mannunsanmlcd 0 
Saruratcd 1.10 _ ,._,, . .” .__- _ .-,.. -._. 
; WUCS arc pc!r 25 g sprmd. 

1.. .“, ._ . . . . 

2.13 2-18 
u.u5 0.05 
408 4.13 

0 n.o3 
1.13 2.03 . 

period, n milk-fat based spread (a blend of 0.6 g milk Tut and 0.2 
g vc@uhle oil/g $prcad), n small amount of rapcucd oil, und 
1 .So/u-fat milk wcrt? consumed. During the cxpcrimcntal pcricd, 
a low-far test margarine, sunflower oil, and skim or I,O%-tit 
ntilk wcrc used. The compliance of the subjects was improved by 
providing the sprcsds, vcgctahlc oils, and liquid miIk products 
Bee of charge. 

The subjects rcccivcd &tailed written and oral instructions 
about the diets. including the precise timounts of food to be caccn 
and chc quality of food, by mtlin food groups. Tltc diets wcrc cal- 
c&ted for 9 energy intakes: 6.7. 7.6, 8.6. 9.2, 10.1, 10.9, 11.8, 
12.6, und 13.4 MJM. The cncrgy rcquircmcnt of each rubject wnz’ 
cstimutd from a 4-d food record thar subjcctr complctid before 
the study and by using the Harris43cncdict fcrmulu (I I), LO 
which energy needs as a rcs111~ of physical activity wcrc add&. 

Adbenmcc to the diets was monirorcd by examining a 4-d 
(complctcd nn 3 weekhys and 1 wcckcnd day) food record once 
during rhc tun-in period and 3 timeli during the cxpcrimcntal 
p&xi. 7hc subjects rccordcd their rood consuntption after con- 
sulting 3 booklet conmining photopaphs of food portions (12) 
aimed to help them estimate portion sizes. At Leery study visit, the 
subjects met a dictitiun who advised them on the practical man- 
agcmcnr of the diets and checked their food records, The dicrs 
wcrc planned and the nuhicntr in the food records wcrc calculated 
by using chc MICRO-NUTRICA dietary analysis program 
(Finnish Social lnsunncc Inaitutc. nrku, Finland). The values 
Tar tbc rood-composition database wcrc taken From Finnish food 
analyses nnd intcmational food-composition Mblcs (I 3). 

Laboratory ~nensuremcnts 

Venous blood samples wcrc obtnincd a&r a 12-h overnight 
ft~~t. hfler ultraccntrifugation and p&pit&ion (14), enzymatic 
colorjmctric mctbods were used to dctcrminc cholcstcrol and tri- 
acylglyccmls from whole .UXIUII and separated lipoproteins by 
using commcrciJ kits (Monotest Cholcstcrol end Tri~cylglyccrcl 
GPO-PAP; Rochringcr Mannheim Gmbll Diagnostica. 
.Mannhcim, Germany) with a Kone Specific Clinical Analyzer 
(Konc Lrd. Espoo. Finland). 

Strum samples For &c~c~tc?nc, fat-soluble vitamins, 
apolipoprotein (apo) &I, 3po 8. and plant t4tcro18 wet-c stored 31 
-70°C unlil nnalyzcd at the end of the study. A Konc Specific 
Clinictrl Anulyzcr and ape A-I and ape 8 rcagcnrs from Kac 
Corporation were used to annlyzc apolipoprotcins bnscd on 

. . 
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immunoprccipitation enhanced by polycthylcnc glycol at 340 nm. 
fi-Camtcrlc and fat-aolublc vitamins WCI”C anaiyzcd by HPLC 
(Pcrkin-Elmer. Nonwlk, CT) on a C,, column (Waters, MilfoTcl, 
MA) (15. 16). Srmm plant stcmls were mcasurcd by gas-liquid 
chromarognphy (model 5R90A; Ilewlctt-Packard, Palo Alto, CA) 
equipped with 3 (0.25 mm internal diamercr) 25-m f&d silica 
CP-Sil S-C!13 capillary column (Chrompack, Rarilun, NJ) (17). 

Slatititkxl annlyses 

Statistica analyses were pcrformcd with SPSS for WI?+ 
DOWS 6.0 statislics program (SASS Inc, Chicago). Normal dis- 
tribution of variables wi18 checked wirlt the Shapiro-Wilks test 
(18). Diffcrcnccs in fierurn lipid variables wcrc onalyz&d with 
repeotcd-mcasurcs multivariutt Zmalysis of variance 
(MANOVA) followed by Scudcnt’s I test in bctwccn-group 
analyses and psircd I test in wilhin-group analysts. Staristical 
signiticancc for the continuous rcl;ponrc variables (strum 
lipid%, fnt-soluble vitamins, apolipopmteins, and mean plant 
sterols) wcrc tcstcd with a single-menrurement, sinlplc-facror- 
ial ANOVA followed by Studcnt’g c tclil. Logarithmic rransfor- 
mations wcrc used when appropriate. lr the initial conccntra- 
tion differed significantly among groups. the conccnlmtion was 
adjusted in the benvccn-groups comparisons by dividing the 
rcspcnsc variable by Ihe initial conccnrration. In addition. vari- 
3hlc~ thut were not normally distriburcd, cvcn at&r logarithmic 
transfcrmntinn, nnd noncontinuous variabics wcrc tcrtcd with 
the Kruakvl-Wullih test, the chi-square test, or Wilcoxon’s 
match&pairs sib*led-rank test. Bonfcrroni adjustment was 
used to control the overall a level. The resulrs arc cxprcsscd as 
means *SDS. 

RESULTS 

llmcllnc chnmncrisrics 

Thcrc wcrc no significant diffccreuccs in basclinc chmcteria- 
tics among ihe riudy groups (Wblc I). Body weight dccrcosed 
marginally during the study in all groups (1.2 * 1 -I, I .2 f 1.0, 
and 1.1 f 1.3 kg in the WSEM. VOSEM. and control goups, 
rcspcctivcly; NS nnlong groups). Physical activity and smoking 
habits rcmaimxl xtnble and no side cffccts wcrc rcpo&d. 

Feasibility of the dirts 

The mean consumption of the test margarincs w;(s 98.9W. 
9&U%, and 98.00/u of the scheduled amount in the WSfiM. 
VOSEM, and connol groups, respectively. Thus, the actual daily 
mean stanol intakes wcrc 2.3 I i: 0.03 g (2.13 f 0.03 g sitoscanol 
aRd 0.19 f 0.00 g ctunpcstannl) in the WSEM group and 
2. I6 zk 0.12 g (I ,47 & 0,Og g siroscsmol and 0.63 & 0.04 g campcs- 
tnnol) in the VOSEM group. The small diflizrcnccs in rhc 
siloHtenu1 and campcsranol intakes wcrc signifiant between dtc 
cxpcrimentnl groups (P C. 0.00 1). 

Thcrc were no significant diffcrcnccs in habitual nuhient 
intakes bcforc the sludy among the groups, Nuaicnt intakca dur- 
ing the cxptrimenlul diet periods rctnaincd stable md were not 
significantly dilTercnt among rhc 3 groups (Table 3). Furthcr- 
more. the dietary go& were well achicvcd by all groups. In fact, 
the mean intake of fat, saturated fatty acids, nnd dietaly cholcs- 
ted during the cxpcrimcnrrrl period WIU even lower than rhc 
dietary goals. Energy intake wa5 4-l-54 kJ/d lower on avcngc 
during the cxpcrimcnnl than during the run-in Period. 
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TABLE 3 
actual uonlpoRitian ofthc diets during the ytcldy ill du! 3 study grdups’ 
.-. “,’ .., ,,,,,. ,,.:, “..““~.:‘I’..--‘:~--“‘“‘-“-- 2” : :,. ,.,..” ,_ .-.. ,..“: . . . ..__. ., .I. .- . . ..--.,.._._._ _ ___, . . ,,_ ,,__: ,__,” -,,,.,_;. .; Tu....” ..“......“_. _- :.- ., _ __,,_____ _. “,, 

Run-in period -....-.““. ., )... ..I -. ._ .___“.._. - . ..-.... Expcrimcnrul period- 
WSEM group vOSEM pn.x~p Coinrol group W&M group 

.--...“-..I .---..-“.. .,.. 
VOSEM gMUfY Control vup 

Nutrients -I”-.“- ,“. “... ,,, .._ _I ” ” 
Encw (MJ/d) 
Fol(% of energy) 
Sutureted funy acid5 (%I afcncrgy) 
Monounsutwwl fully acids (56 ofcncrgy) 
POI~UIW~I~II~~I~I lhy acid (% of cncrgy) 
Yrolrin (% orunerm) 
Carhohydratc (% of cncqy) 
Alcohol (‘% of cncrgy) 
ChOlcnCMI (mp/W) 
I’ibcr (g/M.Q 
Vitamin A (rg RWd) 
pCamtcnc (&d) 
Vitamin E (mr/d) 

(o- 18) .-..-.“I”-” _,-.-..... 
8.7 f 2-o 

al.6 f 3.6 
16.U zt 1.8 
14.6 k I ,6 
6A t 1 ,O 

l&7* 1.9 
40. I 13.7 

I .4 f 1 .!I 
26 1- 7 
2.9 zt 0.7 

125R f 983 
3125 4.3431 
II.7122 

(n =20) ., ..,...” 
8.4 2 1.4 

39.‘) zt 4.6 
Ih.9i2.1 
la.3+2.1 
5.4 It 0.H 

I6.0 Lt 1.5 
40.7 f 50 
2.2 + 3!2 
3d*ts 

2.9 k 0.R 
11U?i635 
4142 zt 3320 
Il.Oi2.1 

(n- 17) ,-.-.__ ,_-__. _” _.. 
8,Uk 1.9 

41.1 f: 34 
16.9 f 1 s 
15.0 .t 1.4 
6.3 f 087 

17.0 t id 
39.2 e 2.6 

1.42 1.8 
3x17 
2.1 f u.5 

I ‘MO + S1R 
3Ro4* lR26 
11.2i2.5 

(n= 18) 

7.8 + 1.4 
26.4 f 3.3 
7,0* I.4 
8,9j; IS 
8.3 i 0.7 

I R.4 ZL I .6 
51.2 t4.1 
2.6 rt 3.6 
21 f? 

3.7 f l-l.6 
UHO I394 

325’3 z! 2201 
16.H 23.0 

(n xl 2U) -___...- ..-. -- . . . . . 
7.7 f 1.5 

25.6 f 3.9 
6.8i 1.7 
It.1 f 1.5 
x.3 f I.2 

1u.1 i2.1 
.%1.8+:4.9 
3.1 I3.9 
it?*5 

4.01 1.1 
928 f 260 

33RR t 1384 
16.7 zt 3.4 

(B-l - 17) ..” .” ” 
7.1 * I,3 

26.5 i 3.1 
7.5f 186 
8,bf 1.6 
8.5f 1.2 

19.2f2.1 
50.u 14.P 
2.1 k 2.3 
l9fS 

4.0* I.0 
972&323 

3056 xt 920 
1G.U I4.1 

Vitamin D &fdj 3.1 22.5 3.0 f 2.4 2.4 I 1.5 4.9 f 2.3 4.2 f 2.0 4.1 f 1.2 ” ..” “...“, ..,.. ..“. ..“__ .._ - . . . . . I.,-_ ,... ““..- ““_. .“__ . * . . ..,.. I..” I._“__ -._-. _ . . -. .- __ -. 
1,~ t SD. Thcrc wcrc no signtic~nr diffcnncrs ;rmon& groupa. WSEM. wood stunol cster-conbining margarine: VOSBM. vqctnble oil $nnnl 

wt13lr- containing maqurinc; KE, r&WI eqnivolcntu. 
~Nutricot intakes we presented 3% the nwan fmm the 3 food records. 

Serum liplds and lipoprotcim 
Thcrc were no signifwnt diffcrcnccs hctwccn beline (-4 wk) 

and O-wk (at randomization) strum lipids and lipoproteins 
among [he 3 groups. During rhc run-in period, serum total or 
lipoprolein lipid conccnrnrions did not chnnp sib%iiicnnfly in 
any of the 3 ~oups. No sif.$ificnnt dittbcnccs WCTC found 
bctwccn men and women tid thcrcforc the results arc prctinled 
for both YCCXCY combined. 

Scram coral and LDL-cholcstcrol concentrations dvrurncd 
significantly within all study groups during the cxpcrimcntni 
period. Most of rhc reduction in strum toral and LDt-cholcticml 
conccnmmions was ccchieved UIer 2 wk. The strum total cholcs- 
cctol concentration dccrcascd by 18.3X, I S-7%, and 7,7X in the 
WSEM, VOSEM. and control groupa, respectively. ‘IIc rcduc- 
tion was significantly grcatcr in the WSEM (10.6X, P < 0.001) 
and VOSEM (8.1%. P-C 0.05) group” lhnn in the control group, 
but no significant diffcrcnccu wcrc found between tic 2 cxpcri- 
mentnl groups (Table 4). The strum LDL+holesrerol conccnaa- 
lion dccrcascd by 23.6%. 18.4%. and 95% in the WSBM. 
VOSEM, and contro1 groups, rcspcctively. There were signifi- 
canI diffcrcnccs only in the absoh~tc (0.73 mmol/L, P < 0.01) 
and ~TCGII~JI~L) (13.77/u, P < OJI) rcduccions in LDL-cholesterol 
concentrations between the WSEM and rhc conaol groups. The 
dif%xcncc in pcrccntlrgti &~~crion in LDL-cholcstcrol conccn- 
nation (8.6%) between tbc VOSEM and control groupr wxli 
almost significwt aflef Bunferroni concction (P = 0.072). Fur- 
rhcrmorc. thcrc were no signific~lt diffcrcnccs in abffolutc or 
perccntagc changes bctwccn the WSEM and VOSEM groups. 

Serum HDL-choicstcrol concentrations did not change signi- 
hntly Tom basclinc in any of the study groups, whereas YLDL 
cl~olcstcml dccrcascd significantly at 8 wk only in drc VOSEM 

.-group (Table 4). Howcvcr, thcrc were no Ggnificant diffcrcnccs 
in VLDL-cholcsrcrol umccnhnrions among the groups af rhc end 
of the study. Strum VLDI, tiscylglycemls decmascd signifi- 
cantly from hkuline only in rhc WStiM group (Tuble 4) and 
strum HAIL-tri~~$glycerol concentrations did nor charqc sigsi- 
ficantly in any of the &mUps (dam nor shown). LDL tiacylglyc- 
crols at $ wk (O.30 f 0.08 mmol/L) wcrc signiticantfy grrticr 

rhan rhosc at baxclinc (0.27 f 0.06 mmolll,) in the control group- 
Thcrc wcrc no significant diflerenccs in total. VLlX, or LDL ti- 
acylglyccrois among the groups at rhc end of rhc study. 

‘L’hc dccnxac from bosclinc in apo El conccntmtionr; nt 8 wk in 
the WSFM (by 0.23 f 0.16 @L, IY.2%; P <: 0.00 I), VOSGM (by 
0~15fO.l41&, 13.70/u;P~0.001),undcortrol@IrO.OGi:O,Ol~ 
5.2”/u, P 5: 0.05) gmups was Si&IifiCMt and parakkd fhc dwwie 
in LDL-cholcstcrol conccntrrrtions in all groups. Ahhough UDL 
cholestcml rcmaincd unchrmged, apo h-1 decreased significantly 
from basclinc in the WSEM (by 0. I7 f 0.17 g/L, 9,0%; P < 0.0 I ), 
VOSEM (by 0.15 k 0.16 &, RA’!!, P c O,Ol), and control (by 
0. IO rt 0. I6 g/L, 6, I %; P <: 0.05) groupfi at 8 wk. Furthcrmorc, the 
ratio of upo A-l to ape l3 incrcascd by 143% tmd 8.3% in the 
WSEM and VOSEM groups, fcspc&cly, hut the inam wu 
significlmnt (P-z 0.001) only in tbc WSEM group. 

Swum p-carotene and Fat-wiuble vitrminc 

Strum ntinol concemrxions did not change signilicnntly in 
rhc 3 groups. The absolute cixxcnrration of serum p-cnrotcne 
and ol-tocophcrol eoncxn:ntrarions dccrcascd significutly in the 
WSEM and VOSEM groups, but in the control group the change 
in serum p-carotcnc ml a-tocophcrol conccnmtiona WBI~ not 
significant (TabIe 5). There was a significant diffcnxcc in the 
absolute change in strum p-cwotme between the cxpcrimcntal 
groups and rhc control group; however, the ditfcrcncc irk rhc 
nbaolute chnngc in strum a-cocupheml was significant only 
between rllc WSEM and control groups. IvIowever, then: wzrc TIO 
~ignificanr cbanps in strum &curotcnr or a-tocopherol conccn- 
t&on* tlmong the groups when the v~luc~ WMC r&tod to the 
serum totul cholefireml conccnuation. ic, when vitumin concon- 
trationH were divided by strum total cholcvtcrol concentmions. 
In fact, the ratio of strum a-tocophcrol to toti cholesterol 
incroaxd t$nifiCantly in all groups. 

Serum 25hydwxyergocslcifcrol (crcslcidiol) concentrations 
did nor change significantly, whemns the absolute conccns&ion 
of 25hydroxycholccalcifcrol (c~l~idiol) increased significantly 
in all groups. but rhc inncrr.se was bignilicantly smaller in chc 
WSEM than in rhc VOSGM gmup (Table 5). However, thurc was 
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TAULE; 4 
Serum lipids in d~c 3 anrdy groups during the cxpcriment;rl period’ 
,,I, ,-, ). _. ., ._.,.__..,_.*...,,,.. &I”A..‘.‘L :‘::.-,-. .-:: ,T’“’ “” ,..... ,... .,” : ;:;, . . ..-.-._._ -.i, _.._ .-:.l.‘-.‘:L: ” ” . - ..::.-::::::1’ “,’ -2. . . . .,.. :.” ,.,.... _ -_..--. ‘.s:.:L. 

WXM goup (n - 18) VOSEM gru& [n = 20) Conlrol (n = IT) ._-__--l- --,,._ ., . . . . “.-,--.-._- --._.,” -_--,_- “. ,, .--...~..-.-.-l-..s--l-- -.__,., _ ._ 
TOUI cholmkd (mnd~)2 

Owk 6.5s & 0.78’ 6.13 k 0.81 6.06 LO.54 
4wk 5.34 10.74 5.38 -f 0.85 5.b5, f 0.56 
8wk 5.34 f 0.76’ 5.15 i 0.78’ 5,Sl f 0.w 
P (MANOVA)' ~0,001 c:O.OOl *:U,Oi 
Change (kern 0 to 8 wk)’ -1.2lkO.61” - 0.5% t 0.59~ 0.48 io.49 

LDL cholc.crcrfll (mmcUL)‘” 
Owk 4.54 f 0.72 US f O.8.5 4.27 i OS9 
4wk 3.50 i: 0.69 3,Sd i l-I.69 3,x!, *o,c;z 
8Wk 3.48 * o,n* 3.45 + 0.76’ 3.n2 i o.sti 
P (MANOVA)b CO.001 ~0.001 <a.01 
Clranp (from 0 to II wk)’ 1.M f 0.45” -wo f 0.50 -0.45 kO.59 

HDL cholcrrrcrol (mmol/L) 
Owk I .4-l f 0.38 1.41 f 0.38 I .36 f 0.26 
4wk 1.38 t 0.30 I.32 L 0.37 I.35 t 0.27 
8 wk 1.41 to.33 1.36fO.31 I.37 f 0.26 
P (MANOVA)” NS NS NS 
Chnngc (f&m 0 10 R wk) -0.03 t 0.17 -,0.05 L 0.18 0.01 t; 0, I5 

VLDL cholcstnrl (‘mmol/L) 
0 wk 0.57 t 0.35 0.47 t 0.24 0.42 f0.27 
Q wk W6 f 0.22 0.51 Yt 0.30 0.46 40.26 
U wk 0.45k 0.34 0.34 * 0.1 R” Il.38 kO.2r) 
P (MANOVA)” NS < 0.01 NS 
Change (fioin 0 tu 8 wk) -0.13 * u.40 ~0.13iO.zL -Us02 k 0.28 

‘roktl wiwylfilycemls (nimoi/L)‘n 
Owk I .45 f 0.70 l,ld j: 050 I .25 k 0.61 
4wk l.16ztUo.S4 1.36 2 0.61 1.19zto.59 
Swk 1.26 i 0.67 I, I3 * O.dS . . 1.33 k 0.80 
Y (MhNOVA)o co.05 NS NB 
~N,# (ftX,M 0 to 8 Wk) - 0.20 + 0.55 -0.11 zto.41 0.08 Lk 0.31 

VLDL triacylglyccmls (mmul/L) 
Owk 0.36 f 0.62 0.76*0.49 0.112 f0,63 
4wk 0.73 f 0.52 O-88 t ft.56 0.76 to.55 
Uwk 0.77 f 0.w 0.63 x0.37 0.85 t 0.75 
P IMANOVA)” CO.05 NS NS 
Cl&c (ticin 0 to 8 wk) ” 0. I9 f a.50 -0.13 * 0.38 0.03 I- 0.2n .,, ., - ..-..- -I--- _... _,...-.- -... -._--.. ._,. . . ..I. ..- .-._.- --,-.. -. ..__..... ..,_ ._,... ., . . - ..__ -._ 

‘WSEM, wrti trano\ tsar-containing mqarine: VOSLM. vegerrtblr oil runol askr-conraining margarine; MANOVA. xepe#.cd-melwwes multivari- 

?.“SiRniRcnlu group-by-time intcruction (MANOVA): >P < 0.001, InP -z 0.01. 
“Ii + SD. 
‘JJ’Sipificdy diGrent from 0 \uk (paired r tca~): ‘P < 0.001, J P < OS01 1 “I’ < 0.05. 
“Si@Rcant diiTcnncc in ovcmI1 within-group changes. 
‘Si$nificru\l diffcrcncc among b-pa. P < 0.01 (ANOVA). 
y~“rSignniticamly dierent from conuol pup (St&v~‘s I &it and Ronfcrroni corccction): “P z 0.001. y/’ c.O,OS, “P e 0.01. 

no significant dirPcrcncc in the pcrccntagc incrcssc in calcicliol 
concentrations nmonb the swdy groups. 

Basclinc comxntretionr; of scrun sitostanol and campcstanol 
did nor ch,angc significantly over the 8-wk study period in the 
WSEM. VOSEM, and control gr~bps: sitoslanol (from 4.6 zk 4.3 

.ro 4.8 f 7.4 ~mol/I,. d,3 2 5.5 to 3.8 * 5.3 p.mol/L, and 5.5 f 5.3 
to 3.8 f 4.8 pmol/L, qxctively); campeuanol (Erom 3.5 f 3.0 
to 3.2 f 3.2 ~ol/L. 4.5 P 1.4 tu 2.7 f 5.2 pmol/L, and 4.7 zk 7.9 
to 5.7 f 9.2 pmol/L, rcspectivcly). Sctum campcutcrol conccn- 
titions did not clmngc significanrly in the control group but 
decrctissd sibmificantly Porn basclinc (P ‘: 0.001) in both cxpcr- 
imL’ntu1 groups: rrom 21.7 f 6.5 to 14.2 zk 6.0 (*mol/L (345% 

change) in Bc WSEM group and from 27.2 k 18.7 to 16.0 It 3.5 
WrnolIL (4 1.3% change) in the VOSEM group, Furthemare, 
serum ampcstcrol conccntraxions wcrc still significantly 
dccrcascd in both experimental groups after comction for the 
reduction in serum cholesterol. In addition, strum sitostcrol con- 
ccnaations rcndcd to decreae in both the experimcnral groups. 
but not significmtly wo. 

DISCUSSION 

In the present study, the wood- and vcgctablc oil-be& plant 
stanol ester-containing margarincs (WSBM and VOSEM groups, 
nspcctivcly), us part of a low-fat dicl. rcduccd more markedly 
both serum total and LDL-cholcstcrol concentrations than did 
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TABLE 5 
Scwm p-curotalre, retinal, n-rocophcml. caicidiol. uml crculcidiol con~er~trtclht~~ 2nd ratios of Bcnrotcnc to DJIUI cholertcml and of n-tocophcrol to taml 
~l~olc~t~~I in the 3 study gmupe during tie experimenkrl ptriod’ 
., ., ,, ,, _ ,_ _ ,.:,.-...:..-:::‘; : -‘,. ‘;..,,,““-“‘_“..‘:-. _” .“:-:” Zi” . “‘eYl ,,” -.-- .-.- ,. .‘-‘,. .-‘.‘. ,” ‘.::“: “-‘r-‘-‘- ---“‘--‘:’ ..:.i . . . .“__ ,_, ._., ., ,.._ ‘:‘.:. _ -- .“._. ,, 

WSUM group (n - 18) VOSEM group (n p 281 Collttol group (n = 17) __-_.- . . . . . . . ., .,. ,,...._.” -- “.., I_,._ . . . . . .1 ” ..-..-.-: ...___” .“., - .._.._.. “. ,,, 
pc3tOtol~c ()LIlh-dILj~ 

0 wk 
R wk 
Change (tiom 0 to 8 wk)‘*’ 

Ketinol (~mnlll.) 
Owk 
Rwk 
Change [t?om 0 IO I wk) 

a-Tocophcml (~LmoVL)’ 
Owk 
I( wk 
Cbarigc (tiom 0 to II wk)-’ 

C&diol (nmol/L)” 
0 wk 
I wk 
Clun~e (from 0 co R wk)” 

Ercalcidiol (nmoVL) 
Qwk 
Xwk 
Chsng~ (hm 0 20 8 wkj 

&C:rroccnc:tnral cholctn 01 
Owk 
8Wk I 
Change (from (I to 6 wk) 

~.Tocc~hu~~l:rornl cholcsraol 
OWk 
Rwk 
Chsngc (Tom 0 tu 8 wk:) 

1.66f I.IP 
1.22 * 0.97’ 

.“0.441 o.57A 

2,so t 0.72 
2.36& 0.68 

'-0.1410.45 

51.42 8.17 
A5.21+ 6.97c 

6.22k 5.04' 

67.47 f 23.73 
80.62i22.96" 
13.1 s * ??,75” 

3R.14 k42.39 
49.06 f. 33% 
10.92 k27.87 

0.27iOo21 
0.24f0.23 

-0.03 zto.12 

7.R6I.O.Rl 
8.50 fO.90' 
0.65 1:0.50 

I ,A7 + O,79 
I A-J7 * 0.54’ 

“. r-J.4-l 2 0.54’ 

2.21 fO.BI I .” 
2.12~0.82 

- 0.09 + 0.4t-l 

45.10 2 9.68 
41.51 i9.30” 
-3.59 k 4.29 

62.48 k 2 1.57 
96.23 k 33.68” 
33.75 + 25,?2 

-41, I9 * 28.99 
42.70 i 34.65 

I .5 1 i 22.42 

l.oof0.37 
, 1.06*0.42 
‘ 0.05 i OS26 

2.30 f 0.66 
2.21 f 0.70 

-0.09 f 0.29 

44.5x f 9% 
43.45 f 9.46 
-1.13i3.34 

75.66 f Ad.26 
IO3.19 * 43.3V 
29.53 2~ 24.12 

63.44 It 32.76 
72.OOf+U.~7 
8.56 k 32.30 

0.17 f 0.07 
0. I9 i 0.08 
o*oz f 0.0s 

7.38 rt 1.55 
7.aOi 1.56” 
0.42 f 0.75 

.  . -  - - . ,  . - . .  ._“.,._ .  .  - . .  , . .  
, ,  , . , . ”  .._.____. -.-“._.““-_- .  .  .  “ ,  , ,  .  .  .  .._ . -  -.-.___.-.. _“_- ._ “ . . . .  . ,  , ,  . ,  

la + SD. WSEM, uro~f sronol wterq,on&ninl: muwtine; VOSEM, vcgctahlc ail Rtanol csrcr-coninining mamrior; MANOVA. mulcivariatc analyeia 
of variance. 

~‘%gnificun~ poup-by-time inlenction (MANOVA): ‘P-c 0.01, “‘P S 0.05. 
J~*J’Sig&icanrly diffcrcnc from 0 wk (p&cd t ICSC): ‘P 4 0.01, “P r: 0.001, “P < 0.05. 
*lnititiI ~oucrnlr&nq WCTC ncady significsmly di&xnr by ANOVA (p-~n+olenti, P = 0.063; a-tocopherol. Y ~0.053) zmot*p Ihe study gmupa; rhcrc- 

km, initial conocnwationa wcrc taken into account in the betvrrxn.~mupa csmparismn by dividing the response sniuhlr by llr initial value. 
“%gniticanc dil?icrcnce umo@ @ups (ANOVA): >P < LOI, ‘P < a.05. 
“<‘Change significandy diffcrcnl fmm chnngc in conuol group (Student’s r kjt with Ronfcrroni corm&m): “P-Z 0.05, ‘P c. 0.01, 
‘?SigniRc:m~ly diffcrcnt Tom VOSEM b~up. P < 0.05 (SUenl’s I test widr Bonferrani correction). 

the low-fat diet alone in subjects with clcvated serum lotal cho- 
lesterol conccnrrations. ‘l’bc cholcstcrol-lowering erects ofdtc 2 
plxnt htanol cstcr-containing margarine diets did not diflcr signi- 
fkuntly. These tindings indicarc char low-fat plant stanol 
catcr-contuining margarincs, wllcn pan of a low-far dicr (10). 
can rcducc serum cholesterol concentrarions almost as much as 
chofc8tcrol”luwerin& drugs (19, 20). 

‘l’hnc have been no studies of the &Tec~s on strum cholcstcrol 
conccnh&ons of plant stir& as part of a strictly and frcqucnrly 
monitored low-fat, lo~-cholcst~rol dicta Morcovcf, carlicr stud- 
its used full-fat mrrgarincg wd mnyonnaisoo (4-9), whcrws the 
present srudy used low-tit tzrnnol ehrer-containing rnargarincs 
(40% of cncrgy as far. including 7% nonabsorbable stanol~). In 
contrast wirh Dcnkc’s srudy (21). WC found thaw stanol esters can 

~.significantly lower strum cholmtcrol concentmtions even in 
thosc with a low cholcstcrol intake. Nole thal nonesteriticd 
sitosranol suspcndcd in s&lowcr oil and pacluxl into &@atin cap- 
SLLICH Y/U used in Dcnke’s srody. 

The now1 finding rhar planr sranols can rcducc SCNITI cholcs- 
arol conccntruticms, even in conjunction wirh a markedly Low 
djctq cholesterol intake, indicates that plant st.anols roust 

. . 

inhibit not only the rtbrjorption of dietary cholcstcrol but also chat 
ofbiliary cholcsrcrol. ThiR in xuppotid by the findings of carlicr 
studies of planr stanol (2.4, 7,9), in which the fecal cxcrction of 
neutral starols incrcascd dcspitc n constant dietary cholesterol 
inuke. In addirion, in rhc prcscnr snrdy the serum cempesterol 
concentration, which is known to rcflcct inrcstinal cholesterol 
abaorpGon (22, 23), dccrcascd significantly in both stzu~ol ester 
voups, which agrees with the findings of carlicr srudics (2.4,7, 
22. 23). In Some sludies of planr sranoi in diabccic xubjcctv (4, 
24). the biIiary sccrcrion of cholosuxol. which normally ranges 
from 600 to 1000 q/d (25), was found to incrcasc significantly 
(11-16*X1) (4, 24). An itvemge of 50% of rhc cholcsrcrol rhat 
cntcrs the small intestine is reabsorbed (25). CIolcstcrol absorp- 
tion was shown to dccrelll;c by 60% in diabetic paricnts wixh a 
daily in&c of 3 g sitosarnol delivered as Aw acid csfcrs (4,2+ 

Sitostanol has been shown to be vimxtlly unebsorbabic 
(26-Z%), bur 12.5% of wmpcstzmtil wtw rotund to bc absorbed in 
B study of intestinal perfbsion in humane (27). Hmever, the 
rcaolts From the prcscnr study indicate chat the absorption of 
camwsbnoi was also ncpligiblc when campcsranol was fed as 
part of a stunol blend containing subsramial amounts of Witostanol 
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(65%). In tic prcscnt study, the serum campcsrcrol concentration 
dccrcascd oignificimlly and campcstanol dccrcascd nonxignifi- 
canrly in both st~nol ester groups. Thcrcforc, the vcgebJble 
oil-based stcrol blend can be used after samrarion to stanol with- 
our an incrcasc in Nrum campcstanol concentration. The nbaorp- 
tion of campcstanol might he possible when ir is not ingcstcd a~ 
pti ofn blend containing compctirivc componcn~s like sirortanol. 
When campesranol is used as part uf the slonol blend fhar con- 
tains substanntia1 amounts of sitosranol. u was used in rhc prcscnc 
study, cempesrvrol seems not to bc absorbed at tdl(30). 

The 2 low-far tcsr margarincs wcx intended to diflbr from 
each other only with respea fo the origin of the plunt stnn~ls, 

with the VOSEM margarine containing more campctitwol and 
less sitostanol than the WSEM maarinc. Howcvcr, the actual 
daily intake of total plant slanol was 6.5% higher in rhc WSEM 
than in the VOSEM group. The cholcslcrol-lowering cff&t of 
sirosranol is well documented in rhc Iircmturq but the cffccts of 
campcsranol have not been titudicd, probably bccausc of practi- 
cal problems in obtaining PUK: campcsranol in rcason:rblc 
amounts. l=Iowcvcr, it has been shown in rats (31) rhat the olcate 
cncr of campcxttiol can decrease the absorption ofdicrary chn- 
lcsterol wirh the same efficacy an free p-si\or;terol, stigmasrcrol, 
or the olcatc cstcr of p-sitostcrol. Furthermore, rcccm dara from 
free-living humans indicarc that rapcsccd oil-derived cnmpcs- 
terol could reduce cholcstcroi absorption and rhus reduce serum 
cholesrcrol conccnnation (32). On the basis of these data. 
campcsonol can also bc cxpmrcd to reduce choltzitcrol absorp- 
tion. Thus, rhc diffcrcncc in smnol compditions is not likely to 
have an effect on the present results. 

On the hdr uf the rood records during both study period* the 
dhcrcncc to the diets was good. Actually. during the low-fat diet 
rhc intslrcs of ht, saturated fntry acids, and dicrary cholcstirol 
wart CVCR lower than the dietary goals. Norc rha~ rhc intikc of 
dicrary cholcstcml achieved the goal of rhc Srcp II diet of the 
National Cholcstcml Eductition Progmm (~200 mgd) (IO). and 
the inuke of sarurarcd farry acids was clove to these b-l% (C.7% 
of energy) in all study groups. lkspib the frcquenr monitoring, 
chcre was a sliglx dccrcasc in body wcip;ht in all study groups dur- 
iug rhc cxpcrimcnml period, The decteuxe in weight was primar- 
ily due ro rhc lower inrakc of cncrby during the otpcrimcntal Than 
during rhc run-in period. Wowcvcr, because rhe weighr change 
was marginal in all groups and bcc~uxe [here were no significant 
diEercnccs in wcighr chanpc amonK Be groups, the dccrcasc in 
weigh1 cannot explain the findings of tic prcxcnt study. 

Low-fat snnol ester-,containing marlJarincs appeared LO have 
lirtlc ellisct on serum conccnmcions of rctinol und crcalcidiol. 
The serum absolute concentration of p-carotcnc and a-tom- 
phcrol deercased significantly in both rhc star101 cstcr-contnining 
mnq+nc bmups, but this would bc cxpccrcd bccoutie p- 
wrotcnt and a-tocophcrol arc transponcd in serum in lipopro- 
r&s, whose conccntrutionx decreased during the cxpcrimcntal 
diet periods, When chc serum p-carotene concentrations wcrc 
r&red to the serum total cholesterol concentrarions, the 
dccrwsc was not significant in either of the low& stanol 

- esrcfcontaining margarine goup”- In addition, tire decrease in 
serum a-tocophcrol concentrtlcion wax ascribed to the chanps in 
strum cholcstcrol conccrrtrationri beerruse the ratio of serum 01. 
tocopherol to total cholesterol actually incrcascd significantly in 
all of the test margarine groups. Thcsc findings agree with Ehc 
findings of Gylling el al (33). The incrcasc in calcidiol conccn- 
crations WZIH +$$icantly smaller in rhc WSeM than in rhc 

VOSEM group. Howcvcr, there were no signidcanr diffcrcnccs 
among the groups in pcrcentuge changes in calcidiol or absolute 
calcidiol conccnnariona at the end ofrhe study. 

In conclusion. both the low-fat WSEM and VOSl5M mar- 
garincs when used as part of u low-rat, low-cholcsrcrol dice arc 
dfectivc in reducing scrutn cholesterol concentrations with 
apparently equal enicacy in subjccrs with clcvatcd serum cho- 
lcsrcrol concentrations. In addition, rhcsc mqgxinea ofTier CIII 
addirion;ll, clinicnlly si@icanc rcducrion in ncrum cholesterol 
conccnrrarions to that obtained wirb a low-fat dice alone. m 
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We have shown earlier that sitostanol ester margarine lowers serum cholesterol by Inhibiting cholesterol absorption so that, 
theoretically, there could be interference with the absorption of fat-soluble vitamins. Accordingly, we investigated whether 
sitostanol ester margarine affects the semm levels of vitamin D, retinal, u-tocopherol and a- and p-carotenes during l-year 
treatment in IO2 subjects and 49 controls with moderate hypercholesterolemia. The vitamins were assayed at baseline on home 
diet, on margarine alone, after 1 year’s consumption of sitostanol ester margarine and after an additional 2 months on home diet. 
In the sitostanol group, serum plant sterols, indicators of cholesterol absorption efficiency, were reduced up to - 38% in relation 
to controls from home diet (F’ < 0.01) indicating that cholesterol absorption was markedly reduced. Vitamin D and retinol 
concentrations and the ratio of a-tocopherol to cholesterol were unchanged by sitostanol ester. Serum p-carotenes and a-carotene 
concentration but not proportion were reduced in the sitostanol group from baseline and in relation to controls (P<O.Ol). 
Retinol and vitamin D were unassociated with serum cholesterol, plant sterols or other vitamins, whereas a-tocopherol and 
carotenes were significantly associated with serum plant sterols suggesting that the higher cholesterol absorption efficiency, the 
higher the a-tocopherol and carotene levels in serum. We conclude that sitostanol ester did not affect vitamin D and retinol 
concentrations and a-tocopherol/cholesterol proportion, but reduced serum &carotene levels. a-Tocopherol and carotenes, but 
not vitamin D and retinal, were related to serum cholesterol and cholesterol absorptipn: 0 1999 Elsevier Science Ireland Ltd. All 
rights reserved. 

Keywords: Vitamin D; Retinal; a-Tocopherol; Carotenes; Sitostanol; Cholesterol absorption 

I. Introduction 

Plant sterols inhibit cholesterol absorption, and, ac- 
cordingly; they have been studied since the 1950s as 
potential hypocholesterolqnic agents [l-6]. These stud- 
ies have been mainly performed with tall oil sterols, 
which contain in addition to relatively large amounts of 
sitosterol and less of campesterol, also saturated plant 
sterols, stanols. The preparations used in earlier studies 
were insoluble in fats and oils and in crystalline, ho- 

* Presented in part at the 69th Scientific Sessions of the American 
Heart Association, New Orleans, November 1996 (Circulation 
1996;9;Q(Suppl I):&578) 

l ,. Corresponding author. Tel.: + 358~9.4712220;’ fax: f 358-g- 
4714013. 

mogenized or microhomogenized form. Sitostanol is a 
Scr-saturated derivative of sitosterol, and it is virtually 
unabsorbable [7-91. We have shown earlier that when 
sitostanol has been made fat soluble by esterification 
with rapeseed oil fatty acids and dissolved in mkyon- 
naise or margarine, it lowered serum total and LDL 
cholesterol at least by 10 and 15% in hypercholes- 
terolemic subjects [lo- 121. Since cholesterol reduction 
is mainly due to inhibition of cholesterol absorption, 
absorption efficiency of cholesterol being reduced by up 
to 65% [9], sitostanol ester might also interfere with 
absorption of fat-soluble vitamins. Accordingly, the 
aim of this study was to investigate whether serum 
levels of vitamin D, retinal, u-tocopherol and u- and 
p-carotene are altered by l-year sitostanol ester mar- 
garine diet. In addition. the measurements of serum 

MI21.9150/99/S - see front matter 8 1999 Elsevier Science Ireland Ltd. All rights reserved. 
PII: so02 I-9 150(99)0007~-7 



plant sterols (campesterol and sitosterol) were per- 
formed because they are known to reflect cholesterol 
absorption [ 131. 

2. Subjects and methods 

2. I. Subjects 

The study population (n = 153) was recruited from a 
random population sample of about 1500 people from 
the province of North Karelia, Finland. The study 
population, the study design and major lipid results 
have been described in detail previously [II]. In short, 
of the population sample, subjects with serum choles- 
terol concentration 2 5.58 mmol/l, triacylglycerol con- 
centration < 3.0 mmol/l, age between 25 and 64 years 
and BMI (weight/height*) < 30 kg/m2, and not having 
thyroid, renal, liver or alcohol problems were eligible to 
participate in the study. All subjects volunteered for the 
study, and the study protocol was approved by the 

,Ethics Committee of Second Department of Medicine, 
University of Helsinki. 

2.2. Study design 

The subjects were advised to replace 24 g of their 
normal dietary fat with a rapeseed oil margarine for 6 
weeks, after which they were randomized double-blind 
to two groups. The first group (controls, n = 49, be- 
cause two subjects discontinued the study) continued to 
use rapeseed oil margarine for 1 year, and the second 
group (sitostanol group, n = 102) used the same mar- 
garine with added sitostanol ester SO that the daily 
intake of sitostanol was intended to be 3 g/day. After 6 
months, the subjects of the sitostanol group were re- 
randomized either to continue the intake of 3 g of 
sitostanol/day (n = 51) or to reduce the intake to 2 
g/day (n = 51) for 6 months. The amount of rapeseed 
oil margarine was kept unchanged. After the 1 year, the 
subjects returned to their regular baseline, ad libitum 
home diet and were restudied after 2 months. 

No vitamins A or D were added to the rapeseed oil 
margarines. The principal fatty acid composition of 
margarines was as follows: 16:0 = 16.7%; 18:1 = 47.3%; 
18:2 = 17.7%; and 18:3 = 8.9%. The sitosterol blend was 
obtained from tall oil soap, and it was saturated to 
stanols. Free stanols were transesterified with rapeseed 
oil fatty acids (Raisio Group, Raisio, Finland) [9,10,14]. 

The margarine was portion-packed with 8 g of mar- 
garine per portion pack. The subjects used one portion 
pack three times a day, i.e. at breakfast, lunch and 
dinner, on a slice of bread. The sitostanol ester mar- 
garine contained 1 g of sitostanol in S g of margarine, 
and after reassignment in, the second treatment group, 
0.7 g of sitostanol in 8 g of margarine. The intake of 

margarine was confirmed by the number and emptiness 
of the portions returned during every visit; the daily 
consumption of the margarines was similar in the two 
groups [I 11. 

Blood samples for the vitamin and plant sterol mea- 
surements were taken from the fasting subjects at base- 
line, at the end of the rapeseed oil margarine and the 
12-month intervention period and after 2 months on 
regular ad libitum home diet. We present the average 
data from the two specimens taken 2 weeks apart. The 
treatment samples were taken in September and the 
regular diet samples in August (baseline) and in 
November (2 months after the intervention). Serum for 
the vitamin analyses was taken into dark test tubes and 
all analyses proceeded in subdued light. The samples 
were immediately frozen at - 70°C and for each sub- 
ject all samples were analyzed in the same run. 

Serum vitamin D concentration was analyzed from 
the 3-g sitostanol group (n = 51) and from the controls 
once at home diet and after 12 months of treatment. 
Other vitamins were quantified from the whole st$v 
population and during each intervention period. A t’& . 
of 19 random subjects from the control group and 36 
from the sitostanol treatment groups kept a 3-day, food 
record, from which the dietary constituents were calcu- 
lated according to a computer-based quantitation [15], 
and are shown in Table I at home diet and during the 
study. 

A total of 49 subjects, of the control group and all 
102 of the sitostanol group completed the study. The 2- 
and 3-g sitostanol groups are combined in the follow- 
ing, because the results concerning the vitamins and 
plant sterols were identical between the groups (data 
not shown). Measurement of sitostanol in the mar- 
garine and the actual intake of the margarine revealed 
that the mean sitostanol intake was 2.6 and 1.8 g/day in 
the two sitostanol groups. 

2.3. Methods 

Serum total and lipoprotein cholesterol and triai.. . 
glycerols were determined enzymatically with commer- 
cial kits (Boehringei Diagnostica, Germany). Vitamin 
D was analyzed by quantitating 25(0H)cholecalciferol 
in serum [16,17]. Retinol, a-tocopherol and a- and 
P-carotenes were analyzed with reverse-phase high pres- 
sure liquid chromatography (HPLC) according to the 
method described by Shafer Elinder and Walldius [18] 
using a-tocopherol acetate as internal standard. Serum 
plant sterol concentrations were analyzed with gas-liq- 
uid chromatography on a 50-m HP Ultra 1 column 
(Hewlett Packard) [19,20]. 

Statistical significances were tested using Biomedical 
Data Program (BMDP) [21]. The difference between 
the groups was analyzed with analysis of variance and 
covarinnce with repeated measures and Student’s two- 



tniled l-test, and the intraindividual changes with 
paired I-test. Correlations were analyzed by calculating 
the Pearson’s product-moment correlation coefficients. 
The serum values of a-tocopherol, a- and S-carotene 
and plant sterols were also standardized and expressed 
as proportions or ratios to serum cholesterol, because 
cholestanol [22], plant sterols [23], a-tocopherol [24] 
and the carotenes 1251 are transported by lipoproteins 
in serum. P-value < 0.05 was considered significant. 

3. Results 

The dietary intakes of cholesterol and fats were 
similar in the two groups (Table 1). Serum total choles- 
terol level was reduced from baseline home diet by 
- 0.3 &- 0.6% (S.E.M.) (NS) by rapeseed oil margarine 
only, and by - 9.4 3- 0.9% (P c 0.001) by sitostanol 
ester margarine (Fig. 1). The sitostanol ester-induced 
reduction of serum cholesterol was -9% when com- 
pared with the controls (P < 0.001). After the treatment 

‘len switched back to home diet, serum cholesterol, 

Table 1 
Age and weight in the total study group and dietary intake of 
cholesterol and fatty acids in a random sample of 55 subjects during 
the study diet and on ad libitum home diet’ 

Variables Controls 
(n = 49) 

Sitostanol ester 
(n = 102) 

Age, years 

Weight. kg 
Home diet 
Treatment 

13 + 2 
72 & 2 

BMI, kg/m2 
Home diet 
Treatment 

26.1 rt 0.5 
25.6 -i 0.4 

Cholesterol intake, mgjday (n = 19) 
Home diet 284 i 28 
,Treatment 314&27 

% intake, g/day 
Jme diet 

Treatment 

(n = 19) 
77 -+ 8 
85 +6 

Saturated fatty aci& gjduy 
Home diet 
Treatment 

Monounsaturated fatty 
ucidr, g/day 

Home diet 
Treatment 

(n = 19) 
3324 
34 * 3 

(I, = 19) 

Polyunsatrrmted fatty ucirls, 
I g/day 

Home diet 
Treatment 

28 +3 
32 + 2* 

(/I = 19) 

132 I 
152 I* 

51 + 1 50 & 1 

71 * I 
71+ 1 

25.5 + 0.6 
25.3 +- 0.2 

(n = 36) 
335 +- 24 
311*21 

(n = 36) 
79 + 4 
85 +4 

(n = 36) 
36i-2 
35+2 

(n = 36) 

28 + 1 
32 + I’ 

(n = 36) 

12+ I 
IS+ I* 

” Mean + S.E.M. 
l P<O.O5 from home diet. 

6.4, CHOLESTEROL 
7 

300 1 
RETINOL 

45 1 a-TOCOPHEROL 

300 
0.5 1 a-CAROTENE 

0,4 
=: 0.3 a 
E, 02 II l 

0,1 -I 
0.0 Jj, 

ins 1 P-CAROTENE . 

w -I 
-6*acu o 12 14 Months 

I e 
M SE WM 

t 
HOME DIET 

Fig. 1. Serum cholesterol and vitamin concentrations during con- 
sumption of margarine without (0) and with (@) sitostanol ester. 
Consumption was as follows: - 6 weeks to 0. margarine (M): 0- 12 
months, M (controls) and M with sitostanol ester (SE); and 12-I-1 
months, home diet. Mean It S.E.M. l P < 0.05. between the groups 
and within sitostanol ester group, analysis of variance and covariance 
for repeated measures. 

level was increased in both groups (Fig. I). The detailed 
lipid-lowering effect of sitostanol ester margarine is 
given in Ref. [I I]. 

Serum campesterol and sitosterol proportions, indi- 
cators of cholesterol absorption efficiency, were signifi- 
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: cantly lowered by - 26 and - 12% from baseline home 
values (P c 0.001 for both) by sitostano! ester, and 
when compared with the controls, by 38 and 14%, 
respectively (Table 2). 

Serum retino! concentration was unchanged by 
sitostano! ester (Fig. I). a-Tocopherol concentration 
was significantly reduced by - 10 f 1% by sitostano! 
(Fig. l), but its proportion to cholesterol was un- 
changed (Table 2). The a- and P-carotene concentra- 
tions (Fig. 1) and p-carotene proportion, but not that 
of a-carotene (Table 2), were significantly reduced in 
the sitostanol group from baseline and the margarine 
period and in relation to the controls (P c 0.01 for all). 
Sitostanol had no effect on the serum levels of calcium, 
and the levels of vitamin D were significantly higher 
and alkaline phosphatase lower in both groups during 
the intervention from the home periods (Table 2). 

Table 2 
The e&cts of sitostanol ester on the serum lipid and plant sterol 
levels durine. baseline home diet and treatment neriods 

Serum a-tocophero! and the a- and P-caiotene con- 
centrations were significantly positively related to each 
other and to serum cholesterol on home diet (Table 3), 
but not consistently to serum triacylglycerols (r = 0.226, 
P ~0.01, r = - 0.046 and -0.135, respectively). In 
addition, cr-tocopherol and a- and p-carotenes were 
significantly positively related to serum plant stero! 
concentrations, and negatively to BMI indicating that 
the higher the cholesterol absorption efficiency and the 
higher BMI, the higher and lower were the respective 
serum u-tocopherol and carotene concentrations (Table 
3). 

Sitostanol-induced change in serum retinol concen- 
tration was significantly correlated with those of a-to- 
copherol and cholesterol, whereas the changes in serum 
a-tocopherol and P-carotene concentrations were inter- 
related and correlated with those of serum cholesterol 
and plant sterols (Table 4). The change in serum vita- 
min D concentration was significantly correlated with 
that of retino!. 

Variables* Controls 
(n = 49)b 

Sitostanol ester 
(n = 102)b 

CampesterollcholesterolC 
Home diet 
Treatment 
Sitosterol/cholesteroP 
Home diet 
Treatment 

a-Tocopherol/ 
cholesterold 

Home diet 
Treatment 

a-Cororene/cholesterof* 
Home diet 
Treatment 

/3-Carotene/cholesterold 
Home diet 
Treatment 

Serum calcium, mmol/l 
Home diet 
Treatment 

Aikuline phosphotuse. 
IUll 

Home diet 
Treatment 

Vitrtmin D. nmol/l 
Home diet 
Treatment 

283.9 + 17.1 
317.5 + 18.1 

148.1 &- 7.5 
150. I +- 8.3 

6.51 + 0.20 
6.60 i 0.18 

0.045 t 0.006 
0.046 + 0.001 

0.17+0.02 
0.18 i: 0.02 

2.36 + 0.01 
2.34 &- 0.01 

109.4 + 3.8 
92.6 5 3.2’ 

82. I zt 4.2 
91.0*x8’ 

279.9 & 12.8 
200.3 + 8.8’,+ 

149.9 2 5.8 
126.9 +4.2’.+ 

6.43 +0.12 
6.34ItO.13 

0.041 + 0.003 
0.037 + 0.003 

0.16 + 0.01 
0.12 +_0.01*.+ 

(n = 51) 
2.38 -I: 0.01 
2.35 + 0.01 

(n = 51) 

117.8 k4.4 
102.7 + 3.9’ 

(n=Sl) 
65.7 & 3.7’ 
15.2 & X6’,’ 

*Normal values for serum calcium 2.25-2.65 mmol/l, alkaline 
phosphutase 60-275 U/l, vitamin D. October-May: 22-72 nmol/l 
(home diet period); June-September: X-120 nmol/l (treatment pe 
riod). 

h Mean rf: S.E.M. 
c 10’~ pmol/mmol of cholesterol. 
d pmol/mmol. 
* P co.05 or less liom home di,gt. 
+ PcO.05 or less, sitostanol group versus controls, 

4. Discussion 

It appears that serum vitamin concentrations have 
not been previously studied during sitostanol ester 
treatment. Thus; the new observations in the present 
.study are that, in spite of the significant lowering of 
serum cholesterol by 9% and up to 38% lowering of 
plant sterols by sitostanol ester dissolved in margarine, 
the serum concentrations of vitamin D and retinal, and 
the a-tocophero!/cholesterol ratio were not changed 
during 12 months’ siiostanol ester margarine consump- 
tion. Serum P-carotene levels but not the. a-carotene to 
cholesterol proportion were significantly reduced in the 
sitostanol group. Also, this study shows for the first 
time that the serum levels of cl-tocopherol and carote- 
nes were tightly associated with indicators of choles- 
terol absorption, viz. the plant sterols, but those of 
retinol and vitamin D did not exhibit this associatici 
suggesting that they might be absorbed independ&?, 
of cholesterol, ‘apparently by a somewhat different 
mechanism. Sitostero!, the indicator of cholesterol ab- 
sorption, and the serum levels of a-tocopherol and a- 
and P-carotenes and their changes by sitostanol ester 
were negatively associated as well with BMI. 

The homeostasis of vitamin D is dependent on both 
absorption from the intestine and from endogenous 
synthesis. Vitamin D is absorbed in the distal ileum by 
a bile acid-requiring process. Fat malabsorption re- 
duces vitamin D absorption, but sitostanol ester feeding 
does ‘not cause fat malabsorption [9,12]. From the 
enterocyte, vitamin D is transported in chylomicrons 
mainly in free form in contrast to cholesterol [26]. At 
least in rats, it is absorbed also in mid-jejunum [27]. arid 
it may also have a specific receptor-mehiated absorp- 
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Correlation coefficients between BMI and the serum levels of vitamins, cholesterol and plant sterols on home diet (n = 153) and on sitostanol ester 
(n = 102) 

Variables Retinal, pmol/l a-Tocopherol, a-Carotene, Fmol/l p-carotene. pm&i’ qita’min ‘D, nmol/l BMI, kg/m2 
. . ~mol/l 

Hum dief (n = 153) 
a-Tocopherol, pmoi/l 0.089 
a-Carotene, pmol/l -0.056 0.248’ 
p-Carotene, )rmol/l 0.059 0.581’ 0.515’ 
Vitamin D, nmol/l 0.065 0.086 0.081 0.057 
Cholesterol, mmol/l 0.116 0.604* 0.2x* 0.386* 0.075 -0.001 
Campesterol, pmol/l -0.054 0.286’ 0.267’ 0.296’ 0.095 -0.162 
Sitosterol, pmol/l -0.040 0.334. 0.283’ 0.4 12* 0.053 -0.215* 
BMI, kg/m* 0.057 -0.161 -0.297* -0.232. - 0.092 l.ooo 

Siloslano~ ester (n = 102) 
a-Tocopherol, pmol/l 0.039 
a-Carotene, pmol/l -0.014 0.224 
p-Carotene, pmol/l 0.006 0.479, O&48* 
Vitamin D. nmol/l 0.080 -0.121 0.119 -0.004 
Cholesterol, mmol/l 0.026 0.507* 0.270. 0.247 -0.098 0.027 
Campesterol. pmol/l -0.188 0.229 0.292’ 0.387’ 0.08s -0.170 
Sitosterol, pmol/l -0.204 0.284* 0.3348 0.399* -0.018 -0.195 
BMI, kg/m2 0.114 -0.259’ -0.283* -0.322* -0.128 1.000 

* P<O.Ol. 

tion pathway. These mechanisms possibly explain the 
complete unassociation between vitamin D and choles- 
terol absorption and metabolism observed in this study. 

P-Carotehe, having a non-polar chemical structure 
with two P-ionone rings conqected by an isoprene 
chain, was the only vitamin serum level which .was 
significantly reduced by sitostanol, yet its metabolite 
retinol exhibited unchanged serum concentration. This 
is in agreement with the earlier findings that P-carotene 
feeding does not increase serum retinol levels [28-311. 
Retinol is chemically more polar than p-carotene, be- 
cause the latter is oxidized to two molecules of retinol. 
a-Carotene produces only one molecule of retinol, be- 
cause it has only one P-ionone and one non+ionone 
ring. The serum levels of p-carotene are regulated by 
dietary supplementation [28,29,32,33]. The present 
study shows that its absorption is reiated to cholesterol 
absorption efficiency since its serum level and change 
were related to those of plant sterols. &Carotene is 
absorbed from 9 to 22% [34-361, and the absorbed 
P-carotene is mostly converted to retinol in the entero- 
cyte [34,35]. In a recent study, 57% of P-carotene was 
converted to retinoids in enterocytes and 43% in liver 
[36]. All serum P-carotehe is transported in lipo- 
proteins, niainly in LDL [2.5,37]. However, we feel that 
tiecause of the recent reports of harmful effects follow- 
ing P-carotene supplementation [38,39] and the unaf- 
fected serum retinol concentration in the present study, 
the P-carotene reduction was not of essential concern. 
Sucrose polyester, the non-absprbable M analogue, 
reduces significantly the plasmii concentration of cr-to- 

copherol, @carotene and the other carotenoids [40-421. 
Sucrose polyester inhibits cholesterol absorption proba- 
bly by altering partition of cholesterol out of the micel- 
lar phase into an oily sucrose polyester phase resulting 
subsequently in serum cholesterol lowering (40,411. Fe- 
cal output of cholesterol as cholesterol itself and bile 
acids is increased and stool frequency is also increased 
[41,42]. Sitostanol ester does not cause diarrhoea, fecal 
urgency or gastrointestinal side-effects, nor have we 
seen any changes in fecal fat or bile acids, but choles- 
terol elimination in stools increases consistently [9,12]. 

The concentration of serum retinol, similarly to that 
of vitamin D, tias unassociated with the serum choles- 
terol and plant sterol levels, even though the change in 
serum retinol was associated with that of serum choles- 
terol. Orally fed retinol is absorbed by 75-90% 
[34,3.5,43], esterified in the enterocyte to retinyl esters , 
and transported in chylomicrons through lymph and 
taken up as their remnant particles by the liver. Quanti- 
tation of retinyl esters in serum’ has been frequently 
used as an indicator of the clearance of postprandial 
lipoproteins [44]. Lack of association between serum 
retinol and plant sterol levels suggests that serum 
retinol does not reflect cholesterol absorption, probably 
partly owing to its better solubility. 

The serum concentrations of a-tocopherol and 
carotenes, on the other hand, seemed to depend on 
cholesterol absorption. The correlation equations 
showed that if for example serum sitosterol concentra- 
tion was reduced by 100 pmolll. cr-tocopherol was 
reduced by :! ~tmol/l. In addition. the serum levels of 
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I, Table 4 
Correlation coefficients between changes of serum vitamin. cholesterol and plant sterol concentrations caused by sitostanol ester From home diet 
(n = 102) 

Variables . . A Vitamin D, nmol/l A Retinal, pmol/l A a-Tocopherol. pmol/l A picarotene, pmol/l 

A Retinal, pmol/l 0.361’ 
A a-Tocopherol, pmol/l 0.155 0.461’ 
A @Carotene, pmol/l 0.173 0.154 0.427* 
A Cholesterol, mmol/l 0.208 0.399’ 0.714’ 0.379’ 
A Campesterol, pmol/l 0.077 0.155 0.370’ 0.3w 
A Sitosterol, pmol/l 0.043 0.153 0.3908 0.398’ 

* P<O.Ol. 

carotenoids were inversely dependent on BMI. Since 
the latter is negatively associated. with cholesterol ab- 
sorption efficiency [45,46], the results suggest that obese 
subjects may have low serum a-tocopherol and 
carotenoid concentrations. 

a-Tocopherol is absorbed in free form by a non-satu- 
rable passive process, and transported in chylomicrons 
into the lymphatics [24]. The absorption efficiency of 
a-tocopherol is around 40% [24]. It is mainly trans- 
ported in LDL and HDL, and only a small fraction 
(5-11%) in VLDL [24,25,47-SO]. This explains the 
significant interrelation between serum a-tocopherol 
and cholesterol, but not triacylglycerols. It also indi- 
cates that the serum levels of a-tocopherol -should be 
standardized to serum cholesterol levels. Accordingly, 
in the present study, sitostanol ester lowered &rum 
concentrations of both cL-tocopherol and cholesterol 
similarly by lo%, so that the cl-tocopherol/cholesterol 
ratio was unchanged. The serum level of a-tocopherol 
reflects its dietary intake [24,32], and can be used as an 
indicator of overall body supply. 

In conclusion, sitostanol ester, even though inhibiting 
cholesterol absorption and reducing serum levels of 
total and LDL cholesterol, does not affect the serum 
levels of vitamin D, retinol or c+tocopherol/cholesterol 
ratio, but reduces that of p-carotene. 
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Cholesterol Reduction by Different Plant Stan01 Mixtures 
and With Variable Fat Intake 

Helena Gylling and Tatu A. Miettinen 

Our aim was to investigate (1) whether different campestanol/sitostanol mixtures in margarine differ in reducing serum 
cholesterol, and (2) whether sitostanol ester in butter decreases serum cholesterol and alters cholesterol absorption and 
metabolism. Twenty-three postmenopausal women replaced 25 g dietary fat with (I) sitostanol ester-rich (campestanol to 
sitostanol ratio 1:ll) and (2) campestanol ester-rich (campestanol to sitostanol ratio 1:2) rapeseed oil margarine, (3) butter, 
and (4) sitostanol ester-rich (campestanol to sitostanol ratio 1:13) butter. The respective scheduled stanol intake was 3.18, 
3.16, and 2.43 g/d. The g-week margarine periods and, after an I-week washout, !&week butter periods were double-blind and 
in random order. Serum cholesterol precursor sterols (indicators of cholesterol synthesis) and plant sterols (indicators of 
cholesterol absorption) were quantified with gas-liquid chromatography (GLC). Low-density lipoprotein (LDL) cholesterol was 
reduced by 8% and 10% with the sitostanol and campestanol ester-rich margarines versus baseline (P < .05 for both] and 
high-density lipoprotein (HDL) cholesterol was increased by 6% and 5% (PC .05), so the LDL/HDL cholesterol ratio was 
reduced by 15% (P < .05 for both). Sitostanol ester-rich butter decreased LDL cholesterol 12% and the LDL/HDL cholesterol 
ratio 11% (P < .05 for both) versus the butter period. The serum proportions of plant sterols and cholestanol were similarly 
reduced and those of cholesterol precursor sterols were similarly increased during all periods (P< .05 for all). Serum 
proportions of sitostanol and campestanol were slightly increased, indicating that their absorption related to their dietary 
intake. During all stanol interventions, serum vitamin D and retinol concentrations and a-tocopherol to cholesterol ratios were 
unchanged, whereas those of (Y- and p-carotenes were significantly reduced. We conclude that varying the campestanol to 
sitostanol ratio from I:13 to I:2 in margarine and in butter similarly decreased cholesterol absorption, LDL tiholesterol, and the 
LDL/HDL cholesterol ratio such that the serum lioids became less atherogenic. 

’ Copyright 0 1999 by W.B. Saunders Company 

S ERUM CHOLESTEROL is regulated by the interplay of 
cholesterol absorption, cholesterol synthesis, and low- 

density lipoprotein (LDL) receptor activity. However, dietary 
factors also affect cholesterol homeostasis such that dietary 
cholesterol and saturated fatty acids independently elevate’,* 
and dietary plant sterols decrease3-I0 serum cholesterol in 
humans. Plant sterols have been studied since the 1950s as 
potential hypocholesterolemic agents.3-10 These studies have 
been performed mainly with tall oil sterols containing a 
relatively large amount of sitosterol and less campesterol and 
saturated stanols. However, sitosterol and especially campes- 
terol are absorbed about 5% and 16%,*1-15 but the saturated 
derivative of sitosterol, sitostanol, is virtually unabsorbable,16J7 
whereas campestanol may be absorbed to some extent.14 

We have previously shown that sitostanol (with small amounts 
of campestanol), when made fat-soluble by transesterification 
with rapeseed oil fatty acids and dissolved in mayonnaise or 
margarine, decreases serum total and LDL cholesterol by at 
least 10% and 14% in mildly hypercholesterolemic popula- 
tions,‘8-20 women with coronary artery disease,*’ children with 
familial hypercholesterolemia,22 and type 2 diabetics.23*z4 Sitosta- 
no1 and its esters decrease serum cholesterol by inhibiting the 
absorption and increasing the synthesis of cholesterol.L5~18-25 
These changes are also reflected in decreased serum plant 
sterols and increased precursor sterols of cholesterol.21~22 It has 
been demonstrated that plant sterois reduce serum cholesterol 
effectively in subjects consuming a saturated fatty acid- 
enriched diet.26 Dietary saturated fatty acids elevate serum 
cholesterol mainly by enhancing LDLproduction and downregu- 
lating LDL receptor activity,27~28 with no29,3o or some3’ effect on 
cholesterol absorption. 

Now, several questions arise to be answered in the present 
stanol ester mixture feeding study: (1) Is a reduction in serum 
cholesterol dependent-on the campestanol to sitostanol ratio in 
margarine?; (2) Is absorption of campestanol and sitostanol ‘. 
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detectable by their serum values?; (3) Are the serum levels of 
campestanol and sitostanol and their parent plant sterols depen- 
dent on their dietary intake?; and finally, (4) How effective is 
sitostanol ester in butter to reduce serum cholesterol and alter 
the absorption and synthesis of cholesterol? 

SUBJECTS AND METHODS 

Patients 

The study population consisted of 24 moderately hypercholesterol- 
emit postmenopausal women aged 50 to 55 years, with a mean of 
52.7 i 1.2 (mean t SE) years. They were recruited from a random age 
cohort based on the population register of the Helsinki area. The 
inclusion criteria for this study were as follows: serum cholesterol 
between 5.5 and 8.0 mmolL, serum triglycerides less than 2.5 m.moUL, 
and body mass index less than 28 kg/m*. Postmenopausal status was 
determined by the absence of menstruation and serum follicle- 
stimulating hormone greater than 30 pmg/L. Eight women had postmeno- 

.pausal hormone replacement therapy, four with tablets and four with 
transdermal estrogen, and they had no change in the therapy during the 
intervention. The study subjects had no prior hypolipidemic treatment 
or thyroid, gastrointestinal, or hepatic disease or diabetes mellitus. All 
volunteered for the study and provided informed consent. The study was 
approved by the Ethics Committee of our hospital. 

From the Division of Internal Medicine, Department of Medicine, 
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Study Design 

After two baseline blood samples 1 week apart on the ad libitum 
home diet, the subjects were advised to replace 25 g of their normal 
dietary fat with (1) sitostanol ester-rich (campestanol to sitostanol ratio 
1: 11) and (2) campestanol ester-rich (campestanol to sitostano! ratio 
1:2) rapeseed oil margarine and (3) butter without and (4) with 
sitostanol (campestanol to sitostanol ratio 1:13) ester. We did not have a 
margarine-only period because we were not investigating the efficacy of 
plant stanols per se, but only in combination with margarine or butter. 
The margarines contained 3.18 and 3.16 g stanolsl25 g margarine, and 
the butter 2.43 g stano!s/25 g butter. The margarioes contained no 
trans-fatty acids. However, the daily intake of plant sterols was different 
(Table 1). Sitostano! ester-rich margarine contained 82.8% sitostanol 
and 7.5% campestano! of the tall oil-based plant sterols, whereas the 
campestanol-rich margarine of the vegetable oil-based sterols con- 
tained 65.2% sitostanol and 28.1% campestanol, respectively. In 
addition, the sitostanol ester-rich margarine contained two times more 
sitosterol than the other margarine, but the campesterol intake was 
similar. The sitostanol butter contained 92.0% sitostanol and 7.3% 
campestanol of the total plant sterols. The margarine interventions 
lasted 6 weeks and the butter periods 5 weeks. The margarine periods 
were double-blind in random order with a crossover design. After a 
washout of 8 weeks, the same women were randomly and double- 
blindly assigned the butter without or with sitostanol ester. 

Neither vitamin A nor vitamin D were added to the margarine. 
P-Carotene was used as a coloring agent. The butter products contained 
normal levels of carotenoids and vitamins. The margarine stanols were 
transesterified with rapeseed oil fatty acids, and butter stanols with 
butter fatty acids (Raisio Group, Raisio, Finland). 

Two blood samples for lipid, vitamin, cholesterol precursor sterol 
(indicators of cholesterol synthesis),32 and plant stero! and cholestanol 
(indicators of cholesterol absorption efficiency)‘* measurements were 
taken from the fasting subjects at baseline during the home diet and 1 
week apart at the end of each intervention period. The mean value for 
the two specimens is presented. During the home diet and the margarine 
and butter periods, nutrients were analyzed from a ‘I-day food record 
according to a computer program. 33 Serum for the vitamin analyses was 
taken in dark test tubes, and all analyses were performed in subdued 
light. All samples were immediately frozen to -70°C. 

Methods 

Serum total cholesterol and triglycerides were determined enzymati- 
tally with commercial kits (Boehringer Diagnostica, Mannheim, Ger- 
many). High-density lipoprotein (HDL) cholesterol was determined 
enzymatically after apolipoprotein B (apo B) containing lipoproteins 
were precipitated. LDL cholesterol was calcu!ated.34 Serum noncholes- 
terol stero! concentrations were analyzed with gas-liquid chromatogra- 
phy (GLC) on a 50-m SE-30 capillary col~mn~*~~~ (Ultra 1; Hewlett 
Packard). However, sitostappl and campestanol were quantified by GLC 
on an Ultra 2 capillaj column. Identification of campestanol and 
sitostanol was based on their retention time relative to their parent 

Table 1. Scheduled Daily intake (mgld) of Plant Sterols in the 
Margarine and Butter Diets 

Variable 

Campesterol 
Campestanol 
Sitosterol 
Sitostanol 
Total stanols 
Total sterols 

Sitostanol Campestanol Sitostanol 
Ester-Rich Ester-Rich Ester 
Margarine Margarine BUttW 

79 84 8 
264 952 202 
262 143 11 

2,914 2,206 2,232 
3,178 3,158 2,434 
3,519 3,365 2,453 

GYLLlNG AND MIETTINEN 

Table 2. Weight, Body Mass Index. and Dietary Cholesterol and Fat 
Intake During the Different Diets 

Home Diet Margarines Butter 
Variable (n = 23) In = 23) (ll = 211 

Weight (kg) 66.7 ? 1.5 66.9 2 1.6 66.7 t- 1.6 
Body mass index (kg/m21 25.7 i 0.7 25.7 2 0.7 25.6 i 0.7 
Dietary cholesterol (mg/d) 269 ? 19 262 2 19 323 + 19’ 

Dietary fat (g/d) 80 2 7 93 2 6* 97 i- 6s 
Polyunsaturated/saturated 

fatty acid ratio 0.40 c 0.03 0.58 -t 0.03* 0.26 2 0.02* 

NOTE. Results are the mean _+ SE. 
“Significantly different vhome diet. 

compounds campestero! and sitosterol, respectively. The fact that the 
peaks with these retention times contained respective stanols was 
evidenced by mass spectrometry for larger respective peaks from a 
patient with phytosterolemia. Owing tolow concentrations of campesta- 
nol and sitostano! in normal serum, no mass spectrometric evidence was 
obtained for the presence of these two stanols. Vitamin D was analyzed 
by quantifying 25(0H)choleca!ciferol in serum.36 Retinol, cl-tocoph- 
erol, and IX- and p-carotenes were analyzed with reverse-phase high- 
performance liquid chromatography37 using a-tocopherol acetate as an 
internal standard. 

Statistical Analysis 

Statistical significance was tested with ANOVA and covari- 
ante with repeated measures (BMDP Statistical Software, Los 
Angeles, CA) and a paired t test. Logarithmic transformations 
were used with skewed distributions. Serum values for noncho- 
lesterol sterols, a-tocopherol, and (Y- and p-carotene were 
standardized and also expressed in proportion to serum choles- 
terol, because the noncholesterol sterols, cY-tocopherol, and 
carotenes are transported by lipoproteins, mainly LDL, in 
serum. A P value less than .05 was considered significant. 

RESULTS 

Twenty-four subjects participated in the two margarine 
interventions, and 21 subjects completed the whole study. One 
subject had to be excluded because of violation of the protocol, 
and two subjects withdrew for reasons not connected with the 
study. 

The weight and body mass index were unchanged throughout 
the study (Table 2). Daily cholesterol intake was low during the 
margarine period but increased during butter consumption, and 
fat intake was increased by 13 2 1 g/d during the margarine 
period and 17 -C 1 g/d during the butter period. Scheduled plant 
sterol intake was vtiable (Table 1). However, total stanol 
intake was similar in the sitostanol ester-rich and campestanol 
ester-rich margarine periods, but lower during the butter period. 

Sitostanol and Campestunol Ester-Rich Margarines 

Serum total and LDL cholesterol were significantly reduced 
by 4% ? 2% and 8% 2 3% with sitostanol ester-rich margarine 
and by 6% _i 2% and 10% _i 2% with campestanol ester-rich 
margarine versus the baseline home values (Table 3). HDL 
cholesterol levels were significantly increased by 6% 2 2% and 
5% t 2% and the LDL/HDL cholesterol ratio was reduced by 
15% with both stanol ester margarines. The baseline data and 
the changes in lipids were not related to estrogen treatment. 

The proportion of serum campesterol, sitosterol, and choles- 
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Table 3. Serum and Lipoprotein Lipids (mmol/L) During the Different Diets 

Home Diet Sitostanol Ester-Rich Campestanol Ester-Rich Butter 
Variable (n = 23) Margarine (n = 23) Margarine (n = 23) (n = 21) 

Serum cholesterol 6.06 2 0.16 5.79 t 0.17* 5.71 c 0.18" 6.34 t 0.21* 
LDL cholesterol 3.98 2 0.14 3.62 i 0.14, 3.58 t 0.17* 4.15 -c 0.18 
HDL cholesterol 1.54 + 0.09 1.63 ?1 O.lO* 1.62 k 0.09* 1.63 i 0.10" 
Serum triglycerides 1.21 fr 0.14 1.18 t‘ 0.13 1.15 2 0.12 1.26 i 0.17 
LDUHDL cholesterol 2.80 ?z 0.20 2.44 rt 0.19* 2.42 _C 0.20* 2.77 k 0.23 

NOTE. Results are the mean t- SE and were analyzed by ANOVA and analysis of covariance for repeated measures. 
‘Significantly different v home diet, 
tsignificantly different vbutter. 

Sitostanol Ester 
Elutter (n = 21) 

5.88 t 0.18t 
3.70 2 0.16t 
1.64 rt 0.10 
1.18 2 0.13 
2.46 2 0.19t 

tanol was reduced with the stanol ester margarines by 6% to 
21% versus the baseline values (Table 4). The sitosterol 
proportion was even more effectively reduced by campesthnol 
versus sitostanol ester-rich margarine, probably due to the 
higher sitosterol intake with the latter (Table 1). Compared with 
the home diet, the serum campestanol proportion (Table 4) was 
slightly increased by both stanol ester margarines, significantly 
more so by the campestanol ester-rich period, most likely due 
to a higher dietary intake of campestanol(264 Y 952 mg/d). The 
serum sitostanol proportion was also slightly but significantly 
increased, more so by the sitostanol ester-rich margarine with a 
higher sitostanol intake (2,914 v 2,206 mg/d). The increase 
seems smaller for campesterol versus sitosterol in each stanol 
mixture. The serum cholesterol precursor sterols As-choleste- 
nol, desmosterol, and lathosterol were compensatorily similarly 
increased by + 12% to + 19%, respectively. 

Serum concentrations of vitamin D and retinol were un- 
changed from baseline values during both periods (Table 5). 
The serum concentration of ol-tocopherol was significantly 
reduced during both margarine periods, but the ol-tocopherol to 
cholesterol ratio was unchanged. The serum concentration and 
proportion of c1- and p-carotenes were significantly reduced by 
both stanol ester margarines. 

Butter Versus Sitostanol Ester Butter 

Butter alone increased serum total and LDL cholesterol by 
4% and HDL cholesterol by 6% (Table 3) without any constant 
changes in the serum noncholesterol sterol proportions (Ta- 
ble 4). The addition of sitostanol ester to butter significantly 
decreased serum total and LDL cholesterol by 8% If: 2% and 
12% t 2% versus butter alone and decreased the LDLMDL 
ratio. The serum plant sterol and cholestanol proportions were 

decreased by 12% to 29% (P < .05 for both) compared with 
butter alone and the proportion of serum precursor sterols was 
compensatorily increased. The proportion of campestanol was 
slightly increased and sitostanol was doubled, yet the final 
values were only about one fourth of the respective sitosterol 
value. 

The vitamin D concentration was increased versus the home 
:. 

,i 
values similarly by the two butter preparations, but the cl-tocoph- 
erol proportion and retinol concentration were unchanged by 
the butters (Table 5). The cw-carotene concentration and propor- 
tion were decreased by butter versus the home diet, but the .. 
sitostanol ester decreased the p-carotene concentration and .; 
proportion versus the butter-alone period. ., 

.:- 
DISCUSSION ‘. .: 

This study shows for the first time that campestanol ester- >* 
_I 

rich margarine with 28% campestanol decreases serum total and 
LDL cholesterol as effectively as sitostanol ester-rich marga- 
rine with a low campestanol content (7.5%). We were not 
interested in the pure plant stanol effect per se, because we have 
described it previously*l and it is not used alone; for this reason, 
we did not have a margarine-only study period. Sitostanol 
esterified with butter fat fatty acids and dissolved in butter 
decreased serum cholesterol as effectively as the respective 
stanol mixture in margarine, despite a slightly smaller stanol 
dose. These results suggest that the stanol and fatty acid 
composition of stanol ester can be varied and dissolved either in 
monoene-enriched margarine or in butter without diminishing 
the cholesterol-lowering effect. In addition, all stanol ester- 
containing products increased HDL cholesterol followed by a 
15% decrease of the LDL/HDL cholesterol ratio such that the 
serum lipids became less atherogenic during both margarine- 

r ; : 

:‘. c: . T.’ 
*- :, :; i 

Table 4. Serum Noncholesterol Sterol to Cholesterol Proportion IlO* pmollmmol cholesterol) During the Different Diets 

Home Diet Sitostanol Ester-Rich Campestanol Ester-Rich Butter 
Variable In = 23) Margarine In = 23) Margarine (n = 231 hl = 21) 

A*-Cholestenol 19.Z”t 1.5 22.1 k 1.2' 22.0 t 1.3* 17.6 + 1.4 
Desmosterol 73.7 -’ 5.2 80.6 t 3.9s 80.3 -c 4.0* 73.8 -c 4.6 
Lathosterol 182.8 + 10.1 204.9 5 10.9’ 207.1 t II.41 175.1 2 14.8 
Campesterol 210.9 c 17.0 164.9 + 13.0* 164.7 t 12.7* 209.4 2 17.8 
Campestanol 1.84 t 0.18 3.44 t 0.30* 8.52 -t 0.66*S 2.35 2 0.27* 
Sitosterol’ 125.0 -+ 7.8 107.8 2 6.1* 97.0 2 5.9x* 125.8 + 9.6 
Sitostanol 11.1 t 0.6 23.2 t l.l* 20.9 i 0.9** 11.2 i 0.5 
Cholestanol 127.9 i 6.6 114.2 + 5.6" 119.6 -c 5.5* 122.8 ? 6.9 

NOTE. Results are the mean t SE and were analyzed by ANOVA and analysis of covariance for repeated measures. 
*Significantly different v home diet. 
tsignificantly different “butter. 
*Significantly different vsitostanol ester-rich margarine. 

Sitostanol Ester 
Butter (n = 21) 

20.1 2 1.4t 
84.8 t 5.1*t 

202.3 + 12.9”t 
151.2 f 15.3v 

2.52 Z 0.14* 
90.2 k 6.2”t 
23.1 2 1.2*t 

111.9 f 6.l’t 
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Table 5. Serum Levels of Vitamin D, Retinol, u-Tocopherol, and CX- and p-Carotene During the Different Diets 

Home Diet Sitostanol Ester-Rich Campestanol Ester-Rich BUttW Sitostanbl Ester 
Variable tn = 231 Margarine (n = 23) Margarine In = 23) h = 21) Butter In = 211 

Vitamin D (nmol/L)f 52.7 + 5.1 58.0 -t 6.2 56.2 ?i 5.9 65.4 t 5.6* 65.5 -c d.O* 
Retinol (pmol/L) 2.25 ? 0.08 2.27 + 0.07 2.33 t 0.09 2.23 t 0.08 2.33 + 0.08 
a-T’ocopherol lpmoliL1 41.7 % 1.9 38.1 2 1.7” 38.3 2 1.6’ 42.7 c 2.0 39.8 + 1.8’t 
a-Tocopherolicholesterol 6.94 2 0.33 6.62 + 0.25 6.79 i- 0.30 6.78 rt 0.28 6.84 2 0.32 
a-Carotene (pmol/L) 0.46 L 0.06 0.32 2 0.04” 0.31 ” 0.04, 0.35 2 0.04* 0.32 _t 0.05, 
a-Carotene/cholesterol 0.07 +- 0.01 0.06 f O.Ol* 0.05 t 0.01, 0.06 t O.Ol* 0.05 t 0.01* 
p-carotene (pmol/L) 1.63 + 0.17 1.10 ir 0.13s 1.10 t 0.15* 1.57 ‘- 0.19 1.19 t 0.13v 
p-Carotene/cholesterol 0.27 ?I 0.03 0.19 It 0.02* 0.19 _c 0.02* 0.25 t 0.03 0.21 _i o.o2*t 

NOTE. Results are the mean ‘c SE and were analyzed by ANOVA and analysis of covariance for repeated measures. 
*Significantly different vhome diet. 
tsignificantlydifferent vbutter. 
*Normal range, 22-72 nmol/L. 

and butter-based stanol ester diets. The 8% and 10% LDL 
cholesterol decreases represent the combined effect of marga- 
rine and stanol, a smaller effect versus some earlier studies,‘x-24 
especially in coronary women,*’ but is now associated with 
increased HDL cholesterol, found only infrequently in our prior 
experiments.22x23 Serum sitostanol and campestanol, being less 
than one tenth of the sitosterol and campesterol concentrations 
at baseline, were significantly increased during the margarine- 
and butter-based stanol ester diets even though the final serum 
concentrations remained one fifth to one seventh of the respec- 
tive parent-compound values. The stanol esters, despite inhibit- 
ing cholesterol absorption, had no effect on the serum concentra- 
tions of vitamin D and retinol and the a-tocopherol to cholesterol 
proportion, whereas serum carotene levels and proportions were 
reduced. 

I 
,/ 
! 

! 

The stanol esters were obtained from different sources. The 
tall oil-based stanol product contained 83% sitostanol and 7.5% 
campestanol of the total sterol mixture, with the respective 
values being 65% and 28% for the campestanol ester-rich sterol 
mixture obtained from vegetable oil sterols. The two stanol 
mixtures, the dietary intake of which was similar in the two 
groups, seemed equally effective in inhibiting cholesterol 
absorption efficiency and compensatorily upregulating choles- 
terol synthesis and reducing serum cholesterol. Thus, the 
reduction in serum cholestanol and plant sterols and the 
increase in cholesterol precursors were similar during the two 
sterol group feedings. The dietary intake of plant sterols seems 
to be associated with their serum leveL3* Thus, the changes in 
serum stanols and sterols depended on their scheduled dietary 
intake. Accordingly, campestanol seemed to be absorbed espe- 
cially from the campestanol-rich sterol mixture, and sitostanol 
especially from the sitostanol-rich margarine. The present study 
actually evidences for the first time that these stanols are also 
absorbed slightly in normal subjects. It is known from previous 
studies that sitostanol is only slightly absorbed from the 
intestine, such that 2% of orally fed sitostanol is recovered from 
rat lymph in 24 hours39 and it has been used in human studies as 
a nonabsorbable marker.40 The absorption of campestanol is less 
well known, but it can be presumed to be less well absorbed 
than campesterol because, in general, stanols seem to be less 
absorbable than the respective parent sterols. In an intestinal 
perfusion study, 12.5% of infused campestanol was absorbed in 

humans,14 but the overall quantities were small. In the present 
study, the relative increase of the campestanol proportion was 
about 36%, whereas for sitostanol it was about 110%. The 
smaller increase of campestanol versus sitostanol, even on the 
campestanol-rich diet, may be due to an effective inhibitory 
action of large amounts of sitostanol on smaller amounts of 
campestanol in the intestinal sterol mixture. Previous studies 
have shown that an alteration in dietary plant sterol composition 
sensitively changes their serum levels.38 The serum campesta- 
no1 concentration increased by 11 pg/lOO mL during the 
campestanol ester-rich margarine treatment but the amount 
remained small, suggesting that these minor serum concentra- 
tions are probably meaningless, especially since other serum 
plant sterol levels were markedly decreased. However, there is 
one group of patients in whom even small amounts of stanols 
may accumulate in the body: homozygous patients with phytos- 
terolemia. This extremely rare disease is characterized by 
increased absorption41+42 and decreased biliary secretion4’ of 
plant sterols and accelerated atherosclerosis.” 

The serum concentrations of vitamin D and retinol and the 
a-tocopherol proportion were unaffected by the stanol ester 
margarine consumption. p-carotene, having a nonpolar chemi- 
cal structure with two p-ionone rings connected by an isoprene 
chain, was the only vitamin derivative for which the serum level 
was significantly reduced by sitostanol yet its metabolite retinol 
exhibited an unchanged semm concentration. This is in agree- 
ment with previous findings that p-carotene feeding does not 
increase serum retinol levels .43-44 Retinol is chemically more 
polar than p-carotene, so the latter is oxidized to two molecules 
of retinol. a-Carotene produces only one molecule of retinol 
because it has only one p-ionone and one non-p-ionone ring. 
Serum levels of p-carotene reflect dietary supplementation,43-4S 
but the present findings suggest that its absorption was related to 
the cholesterol absorption efficiency. p-carotene is absorbed 
from 9% to 22%,46-48 with the absorbed fraction mostly 
converted to retinol in the enterocyte.46*47 In a recent study, 57% 
of absorbed p-carotene was converted to retinoids in entero- 
cytes and 43% in the liver.48 All serum p-carotene is transported 
in lipoproteins, mainly LDL.4g The clinical importance of the 
carotene decrease remains obscure, since p-carotene treatment 
has resulted in harmful clinical effects.50J1 

Diets high in saturated fatty acids increase serum cholesterol 
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by increasing cholesterol absorption, diminishing cholesterol 
synthesis and LDL apo B receptor activity, and increasing LDL 

tion, a probable mechanism, despite upregulation of cholesterol 

apo B production.35 However, the present study revealed that 
synthesis, is an activation of LDL apo B transport due to 
reduced intestinal flow of cholesterol to the liver without altered 

stanol esters are able to decrease serum total and LDL choles- 
terol and the LDL/HDL cholesterol ratio even in a saturated 
environment, ie, when stanol is esterified with butter fatty acids 

LDL apo B removal. 23~24 A lack of hepatic cholesterol decreases 
apo B synthesis, resulting in reduced transport of VLDL apo B 
to LDL.5”Accordingly, the stanol esters are effective cholesterol- 

and then dissolved in butter. By inhibiting cholesterol absorp- lowering agents despite the type of dietary fat intake. 
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EFFECTS OF PLANT STEROL-ENl2l~D,RE~UCED-FAT SPREADS ON SERUM 
CAROTENOID AND FAT-!JOLUB&E WTAMIN L%%%kS. hjiijfdWKc; D&km MH, 
Umporowicz D, Dicktin hJR, Ingram KA, Gebhart 8, Chica& Centsi far Clinical Resear&, 
Chicago, JL, S&a&r B, Tufts U&m&y, Bow, MA, Chen S, FIX&~ WC, Lipton, EngIewood 
Cliffi, NJ 

Rcs& rcgkding pm sterols has dcmonatrated their ability to decrease ltvele of toti md 
low-acasity iipqotein (X3X) cholcztczol. Beceusc phytosrerols reduce cholesterol absorptio& 
there is concan that they may atso deicrePst abmpticm of lipophilic neents. This double 
blind, randomized, controllaf c1iha1 trial asscsseti IIIC impact of two dosed of phylmtcwl-cstem 
(1.1 or 2.2 s/d), delivered in a reduced-tit spmd as part of the National Cholestaol E&&on 
Program Step I di& en serum lipids and imtors of lipophilic nrrtrient btatus in &ee-living men 
and women with hyp&&stezulanip During rhc 5-w& trcatxnent pe$od, metlll compknce 
with study product oonsumptkm cxcccded 90% in aII,st@y groups. ln the 1.1 and 2.2 s/d 
gmupe. reqectively. LDLcl~okstcml ~08 mduced from 4.08 (SaMlo.~ to 3.89 (0.06) 
mmoYL (-5% vs. contm~ p=O,oO3) and ihm 4.11 (0.09) to 3.91 (0.09) mmol& (-6.9?4 Vs. 
control, p-0.008). Blood conccntitions of all fat-soluble vitamine (subset of 31 subjects) and 
carotenoids (~224) wore within normal rcfmcc ranges at basctine, and fbllowbg txabncmt. 
Them were no significant differences between contml and treatment pup rcsponsw in Min01, 
25-hydroxycholecalcifcrol, alpha- and gamma-tocopherol, or phylloquinone. Ada tbtpL 
cholesterol correction, tranir-~arotena levels in the 1.1 and 22 g/d group% ~espcctively, were 
rduced hra 0.102 to 0.084 (median, pg/mg) (-13.7% vs. control, p<o.OOl) and from 0.084 to 
0.075 (-13.7% vs. contrul, p<O.OOl). Cholesterol-corrected trans-lywpenc levels were 
s@ificarHly reduced in the 2.2 8/d gr~v from 0.09 to 0.079 (-15.8% VS. connol, p”o.027). 
There were no sitificant reductions in cholcstemt~~cted rr-Camtcne, lutein, and zeaxa&ine , 
lcvcls. Rcsdts of this study indicate that a phytosterol-ester containing spread, which is easily 
incorporatad into a low-fat diet, is a ~scfiil adjunct in the management of hypercholeptcrolania 
and does not reduce fat-soluble vita& lcvcls. Carotcnoid concentrations were sipifi&nt@ 
decrcasccl, however, they rpnained tirl$n normal ranges, 
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Comparison of the effects of plant sterol ester and plant stanol 
ester-enriched margarines in lowering serum cholesterol 
concentrations in hypercholesterolaemic subjects on a low-fat 
diet 

MA Hallikainen’*, ES Sarkkinen’, H Gylling2, AT Erkkiii’ and MIJ UusitupalJ 

‘Department oJ’ Clinical Nutrition. L’r;iversi~ of Kuoplo. Kuopio. Finland; ‘Department oJ‘ Medicine. Universq of Helsinki, Helsinki. 
Finland; and ‘Kuopro Universtty Hospital. Kuop~o. Finland 

Objective: To investigate cholesterol-lowering effects of stanol ester (STAEST) and sterol ester (STEEST)- 
ennched margarines as part of a low-fat diet. 
Design: Accordmg to a Latin square model randomized double-blind repeated measures design with three test 
margannes and three periods. 
Setting: Outpattent clinical trial with free-living subjects. 
Subjects: Thirty-four hypercholesterolaemic subjects completed the study. 
Interventions: Subjects consumed three rapeseed oil-based test margarines (STAEST. STEEST and control (no 
added stanols or sterols)) as part of a low-fat diet each for 4 weeks. 
Results: Mean daily intake of total plant sterols plus stanols was 2.01-2.04g during the two test margarine 
penods. In reference to control, serum total cholesterol was reduced by 9.2 and 7.3% with the STAEST and 
STEEST margarine, respectively (P~O.001 for both). The respective reductions for low-density lipoprotein 
(LDL) cholesterol were 12.7 and 10.4% (PcO.001). The cholesterol-lowering effects of the test margatines did 
not differ significantly. The presence of apolipoprotein E4 allele had a significant effect on LDL cholesterol 
response during the STAEST margarine only. Serum sitosterol and carnpesterol increased by 0.83 and 2.77 mg/l 
with the STEEST (P<O.OOl), respectively and decreased, by I.18 and 250mg/l with the STAEST margarine 
(PcO.00 I ). Increases of serum sitostanol and campestanol were 0. I 1 and 0.19 mg/l with the STAEST margarine 
(Pt0.001). repsectively. No significant changes were found in serum fat-soluble vitamin and carotenoid 
concentrattons when related to sentm total cholesterol. 
Conclusions: STAEST and STEEST margarines reduced significantly and equally serum total and LDL 
cholesterol concennations as part of a low-fat diet. 
Sponsorship: Grant to the University of Kuop~o by Raisio Benecol Ltd. Raisio, Finland. 
Descriptors: cholesterol-lowenng diet; hypercholesterolaemic; plant sterols; plant stanols; carotenoids; vita- 
mtns; apoltpoprotein E 
European Journal of Clinical Nutrition (2000) 54, 7 15-725 

Introduction 

Great Interest has been focused on the cholesterol-lowering 
properties of plant sterols and stanols (Jones et al, 1997; 
Pollak & Kritchevsky, 1981). and there are now commer- 
clal products available aimed at helping to reduce elevated 
setum total cholesterol concentrations. Based on previous 
studies 2.0-3.Og/day plant stanols From full-fat sitostanol 
ester margarine or mayonnaises as pan of a moderately rich 
or high-fat diet significantly reduces serum total and low- 
denstty lipoprotetn (LDL) cholesterol concentrations with- 
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out affecting high-density lipoprotein (,HDL) cholesterol or 
triglyceride concentrations (Gylling et al, 1995,1997; Gyl- 
ling & Miettinen, 1994; Miettinen et al, 1995; Niinikoski et 
al, 1997; Vanhanen ef al, 1994). In our own study (Halli- 
kainen & Uusitupa, 1999), low-fat stanol ester margarines, 
consumed as part of a recommended low-fat, low-choles- 
terol diet, reduced serum LDL cholesterol by 18.4-23.6% 
as compared to the high-fat baseline diet. the additional 
effect of stanol ester margarine being 8.6- 10.6%. Sitosta- 
no1 has been suggested to have greater hypocholesterolae- 
mic activity than sitosterol (Becker et al. 1993; Heinemann 
et al. 1986). In one single study with normolipidaemic 
subjects, a soybean sterol ester margarine, based on unhy- 
drogenated soysterols with an esterification degree of 65%, 
was found to be as effective as a stanol ester margarine in 
lowering plasma cholesterol concentrations (Weststrate & 
Meijer, 1998). In that trial, subjects followed their own 
habitual diet except that the habitually used spreads were 
replaced by test margarines. However, efficacy of plant 
sterol ester margarine in comparison to Stan01 ester mar- 
garine with matching fatty acid compositions, equal ester- 
ification degree (~98.5%) and equal daily intake of total 
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sterols (unsaturated + saturated sterols) has not been stu- 
dred in connection with a low-fat, cholesterol-lowering 
diet. 

Plant stanols have been suggested to be almost non- 
absorbable (Hassan & Rampone, 1979; Liitjohann et ui. 
199.5). but recent studies indicate that they may be poorly 
absorbed from the small intestine (Gylling er al. 1999a; 
Gylling & Mienrnen, 1999). Plant sterols are absorbed from 
5% (sitosterol) to 15% (campesterol) (Heinemann et al. 

1993; Salen ef al. 1970). Furthermore. plant sterols and 
stanols may interfere with the absorption of carotenoids, as 
indicated by reduced serum carotenoid concentrations 
(Gylling er al. 1999b; Hallikainen ef al, 1999, 2000; 
Hallikainen & Uusitupa, 1999; Hendriks et 01, 1999; 
Weststrate & Meijer, 1998). This has to be taken 
into account in long-term use of plant sterol- and stanol- 
containing products emphasizing the use of a generally 
recommended diet. 

Therefore, in the present study we investigated whether 
or not the two margarines enriched with plant sterol esters 
or stanol esters are equal in lowering serum total and LDL 
cholesterol concentrations and to what extent these two 
margannes would reduce serum cholesterol concentrations 
as part of a low-fat diet in reference to the low-fat diet 
alone. Additionally serum plant sterol and stanol concen- 
trations were studied. As a posr-hoc analysis we also 
investigated the effects of the mam apolip----‘-;- F 
genotypes on lipid responses. 

Methods 

Subjects 
Altogether 42 subjects (20 men/22 women) \ x 

tic medication. Two subjects were smokers. The subjects 
were requested to maintain their medication, weight, alco- 
hol consumption, smoking habits and physical activity 
constant during the study. 

The SUbJeCtS gave written consent for the study and the 
study protocol was approved by the Ethics Committee of 
the University of Kuopio. 

Study design 
The study was carried out from September to December 
1998 applying a randomized double-blind repeated mea- 
sures design with three test spreads (stanol ester (STAEST), 
sterol ester (STEEST) and control margarine). Each period 
lasted for 4 weeks. The randomization was made according 
to the model of Latin square design. Before randomization 
during the first 2 weeks the subjects followed a standar- 
dized low-fat diet and their diet was monitored. The pre- 
trial period made it possible to evaluate the inclusion 
criteria and compliance with the study. 

Routine laboratory measurements were taken to ensure 
normal health status at the first and last visits of the study. 
In addition. previous and present diseases, current medica- 
tion, alcohol and tobacco consumption, physical activity, 
use of vitamins or other nutrient supplements were inter- 
viewed by a structured questionnaire at the first visit of the 
study. Alcohol and tobacco consumption and physical 

. . ..I ’ - -: visit. Furthermore, 
i, use of vitamin or 
ring the study- Fast- 
egitming of the pre- 
tinning of the first 
middle and the end 

moderate hypercholesterolaemia were recruited 
from the former studies carried out at the & 
Clinical Nutrition, University of Kuopio ar 
occupational health care system. In addition 
of the city of Kuopio were recruited to the stuc 
inclusion criteria were as follows: serum tota 
3.8-7.0 mmol/l and total triglycerides below 2 
screening. Other mclusion criteria were al 
normal liver. kidney and thyroid function, no Ii 
medication. no unstable coronary heart disease 
no gastrointestrnal diseases, no alcohol abuse 
nol/day) and no irregular eating habits. Es 
dropped out during the study: one at the beg 
pre-trial period due to poor compliance; four 
the pre-mal period due to personal reasons or poor com- 
pliance; and three during the first period due to personal 
reasons. Altogether 34 subjects completed the study. In the 
beginning of the study their mean age was 48.8 + 8.1 y 
(mean + s.d.). their mean body mass index @MI) was 
24,9 + 2.4 kg/m-, and their mean systolic and diastolic 
blood pressure was I24 + I4 and 8 I + 9 mmHg. respec- 
tively. Baseline total-. LDL-, HDL- and VLDL-cholesterol 
and uiglycende concentrations were 6.24 + 0.83, 4.43 + 
0.81, 1.60+0.31. 0.22t0.21 and 1.11+0.52mmol/l, 
respectively. 

One subject used low-oestrogen oral contraceptives, two 
subjects had hormone-releasing intrauterine devices 
(IUD), one subject used hormone replacement therapy, 
three subjects used postmenopausal oestrogen therapy, 
one had thyroxin therapy for hypothyroidism, one used a 
calcium .channel blocker, one used a renin-angiotensin 
system-affecting medication and two used anti-thromboly- 

veeks). Body weight 
;ible adverse effects 
;ed on a structured 
d. 

apeseed oil (LEAR)- 
.sio, Finland) is pre- 
of fat was 80% and 
:xcluding sterols and 
irgarines and control 
rgarine was prepared 
(DRT, Les Derives 

S.A. Dax Cedex, 
France and Archer Dantels Midland Co, Decatur, IL, 
respectively) by recrystallization, hydrogenation to form 
plant stanols, and esterification to produce low erucic acid 
rapeseed oil based fatty acid esters of plant stanols. In turn 
STEEST margarine was prepared from vegetable oil based 
sterols (Archer Daniels Midland Co, Decatur, IL) by 
recrystallization. and esterification with low etucic acid 
rapeseed oil based fatty acid esters to produce fatty acid 
esters of plant sterols. The daily dose of the test margarine 
was 20g taken in two to three portions with meals. The 
theoretical daily amount of total sterols and stanols was 
2.02 g (0. IO g total sterols and 1.92 g total stanols) in the 
STAEST margarine and 2.06 g (1.98 g total sterols and 
0.09 g total stanols) in the STEEST margarine. The control 
margarine and the margarine consumed during the pre-trial 
period contained naturally small amounts of sterols (about 
0.09 g/daily dose of margarine). All three margarines were 
fortified with vitamin A (870 ug RE/lOOg) and vitamin D 
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subjects recorded their food consumption using a portion- 
size booklet with photos to estimate the portion size (Haapa 
et al, 1985). At study visits the amounts and qualities of 
foods in the records were checked by the nutritionist for 
completion, filling in data that were lacking. Fatty acid 
composition of serum lipids was determined as an objective 
marker of dietary adherence. 
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The diet was planned and the nutrients in the food 
records were calculated using the Micro-Nutricag dietary 
analysis program (version 2.0, Finnish Social Insurance 
Institute, Turku, Finland). The food composition database 
is based on analyses of the Finnish food and international 
food composition tables (Rastas er al, 1993). In addition, 
the database was updated for the purposes of the present 
study. 

Table I Compowlon of dally dosage 120~) of test margannes 

COtlVOi S%4&Sf Si-EEST 
.vurrrenrs cg/ ‘0 g morqonne, morgorrne margarrne morgonne 

rotal faf 142 16.2 16.0 
\bsorbable fat” 14.2 14.0 I40 

Fatty a&s: 
SatUtW2d 3.2 3.3 33 

Launc fC I2 0) 0.3 0.4 05 
MylwlC cc 11.01 02 02 0.3 
Palmmc IC 16.0) 33 3.3 3.3 
Steam ( I8:O) 0.6 0.5 0.5 

Monounsaturated 71 70 6.9 
Oleic (C 18:l 0s) IO.2 IO.1 9.9 

Polyunsaturated 3.1 3 I 32 
Lmolelc (C l8:2 cis) 3.2 3.3 3.3 
Lmolemc (C 18.3 cu) 13 1.3 1.4 

Total stanols 0 I .92 0.09 
Sitostanol 0 I .43 0.06 
Campestanol 0 0 49 0 02 

Total sterols 0.09 0 IO I .98 
EraSSlCaSWOl 0.01 - 0.06 
Campesterol 0.03 0.04 0.57 
Sitosterol 0.04 0.06 1.00 
Srlgmasrerol - - 0.34 

Total sterois and stanols 0.09 2.02 2.06 

STAEST = stanoi ester marganne and STEEST = sterol ester margarine. 
‘Absorbable fat = total far-total sterol and stanols. 

(7 ug/lOOg). This kind of fortification of margarines is a 
normal procedure in Finland. 

The subjects received the coded tubs of test margarines 
when visiting the study unit. To verify the precise daily 
dose of test spread, 142 g, ie weekly dose of the test and 
control margarines. was packed into one tub and subjects 
were advised to mark the fat spread with a knife into seven 
equai parts in advance. One tub of test spread per each 
week was delivered and one extra tub for occasions of 
unexpected loss or damage of test products. The subjects 
were asked to record the use of test fats daily, and to return 
the empty and partly empty tubs and the extra tub of test 
spread to the study unit at the end of each period. The 
packages and the test spread left over were weighed and 
recorded. 

Subjects followed a low-fat diet (step I) of the National 
Cholesterol Education Program (1994) throughout the 
study. The planned composition of the diet was: ~30 of 
energy percent (E%) from fat including 8 - IO E% satu- 
rated, 12 - 14 E% monounsaturated and 5 -7 E% polyun- 
saturated fat, and <300mg/day dietary cholesterol. The 
diet was composed of normal Finnish food items. All 
SubJects received individual oral and written instructions 
on the diet, including the precise amounts and quality of 
foods as main food groups: fats. dairy products, meat and 
meat products, cereals. fruits and berries, and vegetables 
and roots. The diet plan was made for eight energy levels: 
4.7- 12.6 MJ/day. The energy requirement of a subject was 
estimated according to the Harris Benedict formula with the 
energy requirement due to physical activity added (Alpers 
et al. 1986). If necessary the energy intake level was 
changed in order to ensure unchanged body weight 
during the study. The feasibility of the diet was improved 
by providing test margarines. rapeseed oil, salad dressing 
and low-fat cheese for the participants free of charge. 

Adherence to the low-fat diet was monitored by 4-day 
.food recprds kept at the end of each period. four times 
altogether during the study. One of the recording days was 
a weekend day or the person’s day off from work. The 

Laborator?, measurements 
Systolic and diastolic blood pressure was measured by a 
mercury sphygmomanometer (Mercurius Stator, Spiedel 
+ Keller, Germany) after subjects had rested for 5- 
10 min. Two measurements were taken and the mean of 
them used in the analyses. Body weight was measured with 
a digital scale. All measurements were done and venous 
blood samples were obtained after a 12 h overnight fast 
using standardized methods. Since the phase of the men- 
strual cycle may have an effect on serum cholesterol 
concentration (Cullinane et al, 1995), the end measure- 
ments were performed at days 5- IO of the cycle in those 
women with the menstrual cycle. 

Routine laboratory samples were analysed with standar- 
dized methods at the Kuopio University Hospital. Plasma 
glucose was analysed by enzymatic photometric method 
using reagent Granutest IO0 (Merck, Damstadt, Germany) 
with a Kone Specific Clinical Anaiyser (Kone Ltd, Espoo, 
Finland). 

Lipoproteins were separated by ultracentrifugation for 
18 h at density 1.006 to remove very low density lipopro- 
tein (VLDL). HDL in the infranatant was separated from 
LDL by precipitation of LDL with dexttan sulphate and 
magnesium chloride (Penttils et nl, 1981). LDL cholesterol 
was calculated as a difference between the mass of choles- 
terol in the infranatant and HDL, and VLDL cholesterol 
was calculated as a difference between the whole serum 
and the infianatant. Enzymatic photometric methods were 
used for the determination of cholesterol and triglycerides 
from whole serum and separated lipoproteins using com- 
mercial kits (Monotest& Cholesterol and Triglyceride 
GPO-PAP, Boehringer Mannheim GmbH Diagnostica, 
Mannheim, Germany) with a Kone Specific Clinical 
Analyser (Kone Ltd, Espoo, Finland). The coefficient of 
variance (CV) between measurements for serum total 
cholesterol was 1.3 - 1.4%, for triglycerides 1.7 - 1.9% 
and for HDL cholesterol 1 . 1 - 1.2%. 

Serum samples for analysis of apolipoprotein (apo) A-I 
and B, carotenoids and fat soluble vitamins, cholesterol 
precursors, plant sterols and cholestanol, and fatty acid 
composition were stored at -70°C until analysed at the end 
of the study. Analyses of apolipoproteins were based on the 
measurement of immunoprecipitation enhanced by poly- 
ethylene glycol (PEG) at 34.0 nm. A Kone Specific Clinical 
Analyser and .apo A-I and apo B reagents from Kone 
Corporation (Espoo, Finland) were used. Serum carote- 
noids, retinol and tocopherols were analysed by the high- 
performance liquid chromatography system (Perkin-Elmer, 
Norwalk, CT) on a Cis column (Waters, Milford, MA) 
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(Kaplan er ul. 1987: Parvtainen. 1983) usrng an external 
standard. Serum 25-hydroxyvttamm DJ was analysed with 
a radrotmmunoassay method (25-Hydroxyvnamin D II 25 
RIA KIT. DraSot-in, Stillwater, .MY) usmg an external 
standard. 

Serum cholesterol precursors (A&cholestenol. A7- 
lathosterol. desmosterol and squalene). plant sterols (sitos- 
terol. snostanol. campesterol. campestanol and avenasterol) 
and cholestanoi. a metabolite of cholesterol. were quanti- 
fied from nonsaponifiable serum matenals by captllary 
gas-Itquid chromatograph (GLC. HP 5890 Series II, Hew- 
lett Packard. Delaware) equipped with a 50m long Ultra I 
capillary column (methyl-polysiloxane) (Hewlett Packard, 
USA) for cholestanol. squalene. A8-cholestenol. A7-lathos- 
terol. campesterol and sitosteroi, and equipped with a 50 m 
long Ultra 2 capillary column (5% phenyl-methyl siloxane. 

Hewlett Packard, USA) for sitostanol and campestanol 
(.Miettinen 1988. Miettinen & Koivisto 1983). Serum chol- 
esterol precursors, plant sterols and cholestanol were deter- 
mined in duplicate from the same samples and the mean 
value of two measurements was used in the statistical 
analyses. 

In the analysis of serum fatty acid composition lipids were 
extracted with chloroform-methanol (2: 1) (Agren et al, 
1992), and lipid fractions (cholestetyl esters, triglycerides 
and phospholipids) were separated with an amino- 
propyi column. Fatty acids were analysed with a gas- 
chromatograph (Hewlett-Packard 5890 series II, Hewlett- 
Packard Company, Waldbronn, Germany) equipped with 
FFAP-column (length 25 m, inner diameter 2 mm and film 
thickness 0.3 urn). Fatty acids are presented as molar 
percentage of total fatty acids. 
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Figure I Differences m setum rota1 (A) and LDL cholesterol (B). and apo B (C) concentrations (%) in reference to the control margarine period; n = 34, 
values are means r s.e.m. There were no significant dtfkenca tn serum lipid and lipoprotein responses between the two test margarine periods analysed 
with analysis of varwtce for repeated measurements (GLM). STAEST = stat101 ester margarine and STEEST = sterol ester margarine. 
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Apoiipoprotem E genotypes were determined by polymer- 
ase chain reactron (PCR) using primers descrrbed pre- 
viously by Tsukamoto ef al (1993). PCR amplification of 
apolipoprotein E polymorphism was conducted in a 16 ul 
volume containing 50ng of genomic DNA, 0.4pmol/l of 
each primer. !O mmol/l Tris-HCl @H 8.8). 50mmol/l 
KCI, 1.5 mmol/l of MgCl2, 0.1% Triton X-100, 113 umol/l 
dNTPs, 0.7 units of DNA polymerase (DynaZyme DNA 
polymerase, Finnzymes. Espoo, Finland), and 8.5% gly- 
cerol to enhance amplification and annealing of GC-rich 
primers. Conditions for amplification were denaturation at 
96°C for 4min, followed by 35 cycles of denaturation at 
96’C for 45 s, annealing at 64°C for 45 s, and extension at 
72°C for 60 s with final extension at 72°C for 4 min. The 
PCR product was digested with Hhal (New England 
Biolabs, Beverly, MA). The digested DNA fragments 
were separated on 12% polyacrylamide gel. Finally, sepa- 
rated DNA fragments were visualized by ethidium bromide 
staining. 

Statistical anal,vses 
All statistical analyses were performed with SPSS for 
Windows 7.5 statistics program (SPSS, Chicago, IL, 
USA). The results are given as means rf: s.d.. except in 
Figure I, where they are given as means _+ s.e.m. 

The main comparison was made among the mean values 
at the end of each experimental period. In the results and 
discussion sections only the end measurements, and their 
absolute or percentage changes, are presented. The percen- 
tage changes were computed comparing the end measure- 
ments of both test margarine periods to the end 
measurement of the control margarine period. To eliminate 
the effects of changes in lipoprotein concentrations, serum 
carotenoid, tocopherol, cholesterol precursor, plant sterol 
and cholestanol values are given, besides the crude con- 
centrations, also in terms mmol/mol of cholesterol or 
10.‘mg/mg of cholesterol, which express the rattos to 
total cholesterol. 

Normal distribution was checked with Shapiro Wilks 
test. and homogeneity of variance was checked with ana- 
lysis of variance for repeated measurement (GLM) before 
further analyses. If a variable was not normally distributed 
the statistical analysis was made after logarithmic transfor- 
mation. GLM was used to compare the overall changes and 
the effect of the order of spread consumption periods, 
carry-over effect and gender on the main end-point vari- 
ables among the different experimental margarine periods. 
GLM was also used in the further analyses. Confidence 
intervals (Cl) presented in the text for the percentage 
changes of total and LDL cholesterol and apo B were not 
corrected for the above-mentioned factors. 

Intake of numents and setum fatty acid composition 
among the experimental periods was analysed with GLM 
and a paired r-test, or if nutrient data or fatty acid data was 
not normally distributed even after the logarithmic trans- 
formation Friedman two-tailed ANOVA test was used. To 
control the overall z level, Bonferroni adjustment was used. 
The Wilcoxon matched-paired signed rank test was used to 
compare the change of alcohol consumption. smoking 
habits and physical activity. Routine laboratory examina- 
tions were tested with paired r-test or Wilcoxon matched- 
paired signed rank test. 
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The number of subjects recruited for the study was based 

on an assumption of having 0.2 mmol/l difference in serum 
LDL cholesterol response among the test spreads signifi- 
cant with an z level of 0.05 (P<O.O5), and with 0.80 
statistical power (Cohen, 1988). 

Results 

Baseline characteristics 
There were no significant changes in BMI (24.9 k 2.3, 
24.8 + 2.4 and 24.8 + 2.4 kg/m’ during the control, 
STAEST and STEEST margarine periods. respectively) 
or systolic and diastolic blood pressure during the study. 
Physical activity, alcohol consumption and smoking habits 
remained stable. A woman who used low-oestrogen oral 
contraceptives stopped use at the end of the first study 
period. Excluding her from the statistical analyses did not 
affect the results. 

To ensure normal health status during the study, samples 
for routine laboratory measurements were drawn in the 
beginning (-2 weeks) and at the end ( 12 weeks) of the 
study. There was a small but significant decrease in the 
mean fasting plasma glucose (from 5.53 & 0.41 to 
5.35 + 0.41 mmol/l) and serum y-glutamyltransferase 
(from 25.8 + 20.3 to 21.3 &- 12.5 U/l) values during the 
study. The mean serum TSH concentration increased 
slightly (from 1.7 + 1.3 to 1.9 f 1.2 mu/l, PtO.05). One 
subject had a marginally elevated serum TSH concentration 
(7.3 and 6.1 mu/l, at the beginning and end of the study, 
respectively). Excluding him from statistical analyses did 
not affect the results. The changes in routine laboratory 
measurements cannot be connected with the test margar- 
ines. In men the mean blood haemoglobin concentration 
decreased slightly (from 144.4 f 8.1 to 141.2 2 6.3 g/l) 
but significantly due to the fact that seven of the men also 
participated in a fat-loading test with many blood samples 
at the end of all test margarine periods. In women blood 
haemoglobin concentration remained unchanged during the 
entire study. Other routine measurements, blood thrombo- 
cytes, serum alanine aminotransfemse and creatinine, did 
not change significantly during the study. 

Feasibility of the diet 
The mean daily consumption of margarine according to the 
weighed returned tubs was 19.2- 19.9 g during the different 
margarine periods. The actual mean daily intake of total 
sterols and stanols was 0.09 + 0.03 g (0.09 f 0.03 g total 
sterols and Og total stanols), 2.01 + 0.06g (0.10 + 0.03g 
total sterols and 1.91 f 0.05g. total stanols) and 
2.04 + 0.14 (1.96 f 0.13 g total sterois and 0.09 k 0.06g 
total stanols) during the control, STAEST margarine and 
STEEST margarine periods, respectively. 

The actual composition of the diet during the different 
test margarine periods is presented in Table 2. The goal for 
the composition of the low-fat diet was well achieved 
(Table 2). Generally, there were no significant differences 
in the nutrient intakes among the periods. 

The results of the fatty acid composition of serum 
cholesteryl esters paralleled with the food records.(Table 
3). In general, there were no major differences in the fatty 
acid composition during the different test margarine peri- 
ods. However, the proportion of oleic acid was slightly, but 
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Table 2 Gcrual compositton of the diers dunng the dtfferent test margarme periods 

Period 

.VurrrenLd Confrol morgarrne /n = 341 STAEST morgorme 01 = 341 STE&ST margarine /n = 34) P-values’ 

Energy ~MJ/day) 8.3 + 1.9 8.3 + 1.8 8.1 jy 1.7 0.318 
Fat (percentage total wake. energy E%) 30 0 + 3.7 30.5 4 3.2 31.1 k 3.9 0.100 
Saturated fatty actds t E%) 8.2 t 1.9 8.4 + I 8 8.8 + 2.0 0.347 
.Xlonounsaturated fatty acids (E%) 12.4+ 1.6 12.5 * 1.5 12.7 k 1.9 0.648 
Polyunsaturated iatry ac& (E%) 6.7 &- 0 9 6.6 4 0.8 6.9 + 0.9 0.069 
Protems (E%) lb.1 + 2.3 16.9 + 2.1 17.2 k 2.7 0.045 
Carbohydrates t E%) 49 6 + 5.4 49. I + 5.2 48.3 + 4.8 0.916 
Alcohol (E%) 2.9 k 4.1 2.1 + 3.3 2.0 + 2.5 0.642 
Cholesterol (mg/d) 166 k 88 173 & 66 179k 66 0.098 
Cholesterol (mg/MJ) 19.6 + 7.6 20.5 + 4.9 22.2 + 6.6 0.061 
Fibre (g/day) 30.3 f 8.4 30.1 + 7.5 28.9 + 9.5 0.443 
Flbre (g/MI) 3.7 & 1.0 3.7 + 0.9 3.6 + 0.9 0.445 
V~tarrun A (pg RE/daylb I337 + 878 1188+_ 544 1139+ 736 0.452 
B-carotene (pg/day) 4155 + 2732 4726 + 3120 4056 i 2638 0.413 
L’ttamm D (pg/day) 4.4 + 2.7 5.7 + 3.8 6.1 + 4.9 0.318 
Vitamm E (mglday) 12.3 + 3.3 12.5 f 2.8 12.0 + 3.2 0.434 

Values are means + s.d. STAEST = stanol ester margarme and STEEST,= sterol ester margarine. 
‘Variables were analysed wtth Friedman two-way ANOVA test (energy, saturated fatty acid, carbohydrates, alcohol, vitamin A and vitamin D) or 
analysts of vanancc for repeated measurements tCLM1 and pawed r-test with Bonfermni correction. ln pairwise comparisons after Bonferroni 
correctron there were no srgnificant differences m protem Intake between any two periods. 
ORE = retmol equtvalenrs. 

significantly lower at the end of the STEEST margarine 
period than at the end of the control period. In addition. the 
proportion of steanc acid was significantly lower at the end 
of both test margarine periods than at the end of the control 
period. There were no significant differences in the fatty 
acid composition of triglycerides or phospolipids during the 
study (data not shown). 

Serum lipids and lipoproteins 
The concentrations of serum lipids and lipoproteins at the 
end of each experimental periods are shown in Table 4. 
Figure 1 presents the percentage differences m serum total 
and LDL cholesterol and apo B compared to the control 
margarine period. 

No significant differences were found in the concentra- 
tions of serum lipids between genders (P =0.095) or 
among orders of spread consumption (P>O.l). In addition, 
no carry-over effect was found (k-0. I). 

Serum total and LDL cholesterol concentrations were 
significantly lower at the end of STAEST and STEEST 
margarine periods than at the end of the control period 
(Table 4). Compared to the control period the mean 
decreases in serum total cholesterol were 9.2 + 9.7% (Cl 
-12.6, -5.8) and 7.3 + 8.9% (CI -10.4, -4.2) during the 
STAEST and STEEST margarine periods. respectively. For 
LDL cholesterol the mean decreases were 12.7 + 12.2% 
(CI -16.9, -8.4) and 10.4 k 10.6% (CI -14.1, -6.7), 
respectively. There were no significant differences in the 
decreases of serum total and LDL cholesterol concentra- 
tions between the two test margarine periods (difference 
1.9 + 8.4% and 2.3 + 11.7%, respectively). 

Serum HDL and VLDL cholesterol, and triglyceride 
concentration did not change significantly during the 
entire study (Table 4). 

There were no significant changes in serum apo AI 
concentration (Table 4) during the study. The changes in 

Table 3 Serum fatty acid composttion of cholesteryl esters dunng the different test marganne periods 

PWiOd 

Faary nctd fmol %) Conrrol margortne tn = 34) S7.4EST mnrgwine (n = 34) STEEST margarine h = 34) P value.? 

Mynst~c actd 14.0 1.17 + 0.33 1.14+ 0.36 1.22 + 0.42 0.526 
Palmiw acid 16:O 12.46 f 0.87 12.37 + 0.86 12.45 + 0.89 0.699 
Palmttoletc acid 16:l 3.80 + 0.88 3.68 + 0.91 3.58 f 0.80 0.233 
Steanc actd 18.0 0.78+ 0.15 0.67 & 0.13. 0.67 + 0.13’ co.oo1 
Oleic acid IS: I n-9 + n-7 21.22 + 1.50 21.07 * 1.49 20.66 + 1.52’ 0.007 
Lmolex acid 18 2 n-6 51 45 + 3 21 52.27 k 3.27 52.20 f 3.37 0.142 
Y-lmolcmc actd 18 3 n-6 0.65 k 0.29 0.63 + 0.32 0.59 c 0.26 0.313 
I-lmolemc actd 18:3 n-3 I 07 + 0.20 I.00 c 0.16 0.99 f 0.23 0.282 
Dthomo-y-lmolemc acrd 2013 n-6 0 52 f 0. I5 0.49 + 0.10 0.53 + 0.17 0.360 
r\rachrdontc pcld 20:4 n-6 4 58 + 0.95 4.50 k 0.89 4.63 f 0.82 0.374 
Etcosapentanotc actd 20.5 n-3 I .68 ? I .oo I .57 * 0.66 1.86 f 1.04 0.065 
Docosahexanox actd 22:6 n-3 0.63 + 0.18 0.60 + 0.19 0.63 f 0.20 0.486 

Values are means f s.d. STAEST = stanol ester marganne and STEEST = sterol ester margarine. 
‘The stgntficance of the chfferenccs for overall changes during the test margarine periods analysed with analysis of variance for repeated 
measuremenu IGLM) or Friedman two-taded ANOVA (z-linolenic acid and eicosapentanoic acid). 
‘P <O.OOl: ‘P-=0.01. sigmficant difference between cnher of the test marganne periods and control margarine period analysed with paired r-test 
wth Bonfetwnt coweetion. There were no stgmficant differences in seturn fatty acid composition of chdesteryl esters between two test margarine 
pen&s. 
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Table 4 Serum Itptds and hpoprotems at the end of the test marganne pertods 

Period 

Lhnnbles Conrrol margonne In = 141 ST.-IEST margarine (n = 34) STEEST morgarrne (n = 34) P-M Iues’ 

Total cholesterol tmmol/l) 6.10-1_069 5.52 & 0.758 5.64 t 0.71. <O.ool 
LDL cholesterol tmmol/l) 4.19 + 0.61 3.65 + 0.69. 3.74 + 0.58' <0.001 
HDL cholesterol ~mmol/l) 1.50 f: 0 27 I 50 + 0.29 1.55 + 0.31 0.079 
VLDL cholesterol tmmol/l) 0.40 * 0.30 0.37 + 0.26 0.35 * 0.14 0.768 
Triglycerides tmmol/lI 1.13 +- 0.45 1.10 +- 0.53 1.03 + 0.33 0.221 
Ape Al (g/l) I.59 + 0.22 1.55 k 0.23 I .59 & 0.27 0.143 
Ape B (g/l) 1.01 + 0.18 0.90 + 0.18. 0.90+0.13* <O.ool 
Apo Alfapo B 1.62 + 0.41 1.79 f 0.46' 1.81 f 0.43. co.001 

Values are means + sd. STAEST = stanol ester marganne and STEEST = sterol ester margarine. 
“Sigmficance of the dtfference for overall changes dunng the test margarme pertods analysed with analysis of variance for repeated measurements 
(GLM). 
l P<O.OOl denotes the stgntficance of the difference between etther of the test margarine periods and control period analysed with GLM with 
Bonferrotu correctton. There were no stgmficant differences m serum liptd and lipoprotein concentrations between the two test margarine periods. 

serum apo B concentration and in apo AI/ape B lipoprotein 
ratio were parallel with the changes in serum LDL choles- 
terol concentration (Table 4). The mean decreases in apo B 
concentrations were 10.7 f 9.7% (Cl -14.1. -7.3) and 
10.4 + 9.3% (CI -13.7, -7.2) during the STAEST and 
STEEST marganne periods, respectively, compared with 
the control period. 

In a secondary analysis we also examined whether 
apolipoprotein E genotype group (E4/3, n = 12 vs E3/3, 
n =22) has an effect on the LDL cholesterol response 
during the STAEST and STEEST margarine periods. This 
analysis revealed that the overall reduction in LDL choles- 
terol was greater in subjects with apolipoprotein E4/3 than 
in those with apolipoprotein E3/3 (P = 0.024, interaction 
term of genotype with test margarine periods, GLM). This 
was entirely due to a greater effect of STAEST margarine 
on the LDL cholesterol response in subjects having apoli- 

poprotein E4 allele (16.8 -f: 13.9% vs 10.4 rt 10.8%. apoli- 
poprotein E4/3 vs E3/3, P =0.141, ANOVA). The LDL 
cholesterol response was almost the same in the two 
apolipoprotein E groups (9.6 &- 13.5% vs 10.8 + 8.9%. 
apolipoprotein E4/3 vs E 313, P= 0.707, ANOVA) 
during the STEEST margarine period. 

Cholesterol precursors and plant sterols 
The concentrations of serum cholesterol precursors and 
plant sterols during the different test margarine periods 
are shown in Table 5. 

As expected, serum A8cholestenoi and A7-lathosterol 
concentrations, which are indicators of cholesterol synth- 
esis, increased during the STAEST and STEEST margarine 
periods in reference to the control period (Table 5). When 
those concentrations were related to serum total cholesterol 

Table 5 Serum cholesterol 
cholestanol to cholesterol ( lo’ f 

recut-son. plant stemis and cholestanol (mg/l). and ratios of serum cholesterol precursors, plant sterols and 
mg/mg of cholesterol) at the end of the test margarine periods 

Period 
..^ 

Conlrol mai-ganne (n = j4) STAEST morgan’ne h = 34) STEEST margortne h = J4) P-values’ 

Cholestanol 2.68 +- 0.48 2.36 + 0.X?* 2.28 +- 0.42. <O.OOI 
JB-cholestenol 0.33 * 0.12 0.36 + 0.13 0.37 + 0.12’ 0.010 
Desmosteroi I .22 & 0.35 I.22 & 0.29 1.17 + 0.24 0.850 
A7-latbosteml 3.28 * 1.1 I 3.58 ? I.21 3.60 + 1.24’ 0.008 
Campesteml 7.70 * 1.92 5.09 * 1.58. 10.46 + 2.44*: <O.ool 
Sitosuml 3.40 f 0.88 2.21 * 0.73. 4.23 f 1.02*: <O.OOl 
Squalene 0.66 f 0.14 0.71 * 0.17 0.70 +- 0.17 0.292 
CiitttpestanOl 0.06 f 0.03 0.16 + 0.04. 0.05 f 0.02: <O.OOl 
Sitosonol 0.08 f 0.04 0.27 * 0.07' 0.06 + O.ti <O.ool 
Aveoasteml 1.00 f 0.22 0.70 + 0.1s. 0.83 + 0.16*: <0.001 
Cholestanol/TC? 1.36 -& 0.23 1.30 + 0.24 I .2S f 0.24*’ <O.OOl 
A&Cholatmol/TC 0.16 + 0.06 0.20 + 0.06* 0.20 f 0.06. <O.OOl 
Desmosteml/TC 0.61 + 0.15 0.66 + 0.13’ 0.64 + 0.12’ 0.001 
A7-latbosterol/TC I .64 * 0.50 I.95 * 0.61. I .95 f 0.59. <O.ool 
Campesteml/TC 3.88 + 0.91 2.78 + 0.74. 5.70+ 1.11’: co.001 
Suosteml/TC I .72 + 0.43 1.21 + 0.33. 2.30 + 0.47*: CO.001 
Squalene/TC 0.33 f 0 07 0.39 + 0. IO” 0.39 * 0. IO’ 0.003 
Campestanol/TC 0.03 f 0.01 0.09 r 0.02' 0.03 f 0.01: <o.oot 
Sitostanol/TC 0.04 f 0.02 0.15 * 0.04* 0.03 f 0.02: <O.ool 
Avenasterol/TC 0.50 + 0. IO 0.39 + 0.06. 0.45 + 0.06’: <O.OOl 

. 

Values are means +_ s.d. STAEST = stanoi ester marganne and STEEST = sterol ester margarine. 
‘Significance of the dtfferences for overall changes durmg the test marganne periods analysed with analysis of variance for repeated measumnents 
(GLM). 
bTC = total cholateml. 
l P<O.CGl. ‘PcO.01. “P<O 05, sigruficant difference between the etther the test margarine period and the control margarine period; tP<O.OOl, 
‘P<O.OS, signrficant difference between the STAEST margarine and the STEEST margarine periods analysed with GLM with Bonferroni 
correctton. 
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concentration the increases were more pronounced (Table 
5). Serum cholestanol concentration. which refiects choles- 
terol absorption. decreased significantly dunng both test 
marganne penods (Table 5). 

Serum campesterol and sltosteroi concentrattons 
decreased sigmticantly during the STAEST margarine 
period and Increased significantly during the STEEST 
marganne penod compared to the control period (Table 
5). Furthermore. serum campesterol and sltosteroi concen- 
tratlons were slgmficantly higher at the end of the STEEST 
marganne penod than at the end of the STAEST margarine 
penod. In reference to control penod. the reduction in 
serum campesterol and sitosterol concentrations was 
2.60 f 1.03 mgil (33.8%) and 1.18 + 0.47mg/l (34.8%). 
respectively. during the STAEST marganne penod. During 
the STEEST margarine period the increase m serum cam- 
pesterol and sitosterol concentrations was 2.77 + I .49 mg/l 
(38.3%) and 0.83 + 0.62 mg/l (26.6%). respectively. 
Changes in the ratios of serum campesterol and sitosterol 
to serum total cholesterol were parallel with the changes in 
their absolute concentrations (Table 5). 

Serum campestanol (0. I1 + 0.04 and 0.1 I -f 0.05 mg/l. 
change in reference to control and STEEST margarine 

per&) and sitostanol concentrations (0.19 t 0.07 mg/l 
and 0.2 I + 0.68 mg/l. change m reference to control and 
STEEST margarine period) were slightly but significantly 
higher at the end of STAEST margarine penod than at the 
end of the control and the STEEST margarine periods 
(Table 5). There were no significant differences in serum 
campestanol or sitostanol concentrations between the 
STEEST margarine period and the control margarine 
period. Serum sitostanol concentration was significantly 
higher in women than in men at the end of the STAEST 
margarine penod (0.24 + 0.07 vs 0.30 f 0.05 mg/l men vs 
women), but there were no differences in serum sitostanol 
concentraflons between the genders at the end of the two 
other penods. 

There were no significant differences m percentage 
changes m either serum cholesterol precursors or plant 
sterols between two apolipoprotein E genotype groups 

Table 6 Serum carotetwds and fat-soluble warms at the end of the test tnargartne penods 

Period 

Conwl margortne ln = J4j’ STA EST morgorow (n = 34)’ STEEST morgwine (n = 34)’ P-voluesb 

Retmol (pmol/l) Z.80 + I 00 2.71 + 1.04 2.70+ 1.01 0.494 
r-caroune , pmol/l) 0 66 + 0.43 0.64 f 0.42 0.61 + 0.36 0.129 
/Karotene 1 pmol/ I) I 39 + IO3 I.23 + 0.99. 1.16 + 0.82’ 0.004 
I,+ &Grotene pmoI/l) 1 2.0s I 43 + 1.87* 1.38 I .i7 + 1:16* 0.022 
Lycopem (IlmOl/l) 0.73 f 0 37 0.71 f 0.37 0.69 f. 0.39 0.677 
z-Tocophetul (pmol/l) 43.55 + 7 56 40.08 + 6.83’ 40.55 + 7.01’ 0.001 
1.‘. Tocophetul I rmoI/ I ) 3.00 f 0 98 2.98 f 0.81 2.87 + 0.89 0.592 
I + :-Tocopheml Ipmol/l) 46.55 + 193 43.07 & 7.15’ 43.42 & 7.41’ 0.001 
25-Hydmxyvumtn II1 (nmol/l) 50.33 + 23.52 49.38 + 24.39 52.26 + 25.18 0.659 
r-CaJorene/ TC 0 I I + 0.08 0.12 * 0.08 0.1 I & 0.07 0.161 
&Carotene/TC 023 f 0 17 0.23 + 0.19 0.21 + 0.15 0.251 
I + pcarotenc/TC 0 34 f. 0 24 0.35 -f 0.26 0.32 +_ 0.22 0.563 
LycopetwTC OI2+007 0.13 * 0.07 0.13 +- 0.08 0.505 
z-Tocopheroi/TC 714+089 7.27 f. 0.91 7.21 k 1.03 0.382 
;-Tocopheml!TC 049+0 IS 0.55 + 0.15 0.51 * 0.15 0.086 
I + 7-Tocopherol/TC 7 63 + 0 91 7.82 f 0.96 7.72 ?r 1.06 0.249 

Values are means r sd. STAEST =stanol ester marganne and STEEST = sterol ester margarine. 
‘n = 33 for results concerning lycopene and lycopene/TC (TC = total cholesterol). 
bSigntficance of the dtfference for overall changes dunng the test marganne periods analysed with analysis of variance for repeated measurements 
(GLM). 
l PcO.OS. ‘P<O.OOl. significant diffetence between the eithet test margarine period and control period analysed with GLM with Bonferrotti 
conecnon. There were no stgmficam differences m serum fat-soluble and carotenoid concenttations between two test margarine periods. 

(3/3 and 4/3) among the different test margarine periods 
(data not shown). 

Curotenoids and fat soluble vitamins 
There were no significant changes in serum 25-hydroxyvi- 
tamm Dj, retinal, z-carotene or lycopene concentrations 
nor their ratios to the serum total cholesterol during the 
study (Table 6). Serum p-carotene concentration was sig- 
nificantly lower at the end of the STAEST and STEEST 
margarine periods than at the end of the control period. The 
serum 2 + b-carotene concentration was significantly lower 
at the end of the STEEST margarine period as compared to 
the control period, but the difference between the control 
and the STAEST margarine periods was not significant. 
However, there were no significant differences in serum 
P-carotene/total cholesterol ratio or z + /&carotene/total 
cholesterol ratio among the periods. 

Serum y-tocopherol concentration did not change sig- 
nificantly during the study, but serum z-tocopherol con- 
centrations was significantly lower at the end of both test 
margarine periods than at the end of the control period 
(Table 6). After relating the serum CL- and z + y- tocopherol 
to the serum total cholesterol there were no significant 
differences among the different periods. 

Discussion 

In the present study the STAEST and STEEST margarines 
reduced significantly serum total (9.2% and 7.3%, respec- 
tively) and LDL cholesterol (12.7% and 10.4%, respec- 
tively) concentration as part of a low-fat diet compared to a 
low-fat diet alone in the subjects with mild to moderate 
hypercholesterolaemia, but the cholesterol-lowering effects 
of the test margarines did not differ significantly from each 
other. The decreases of serum aps B were parallel with the 
decreases of serum LDL cholesterol concentration. 

On the basis of the food records the adherence to the 
low-fat diet was good. The intake of saturated fatty acids 
achieved the goal of step 1 diet of the National Cholesterol 
Education Program ( 1994) (actual mean intake 8-9 E% vs 
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goal 8 - IO EO/) and the mean intake of fat (30-3 I E%) investigated. Miettinen and Vanhanen (1994) and Vanha- 
was close to the goal (~30 E%) in all experimental periods. nen ef al ( 1994) found that serum total and LDL cholesterol 
In addltlon. the mean intake of dietary cholesterol met the concentrations were reduced more effectively in subjects 
goai well. The results of the fatty acid composition of with the apolipoprotein E allele 4 than those with allele 2 or 
cholesteryl esters paralleled with the results of the food 3. However. we did not find this difference with stanol 
records. There were no major differences in serum fatty ester-enriched low-fat margarines (Uusitupa & Hailikainen, 
acid composltion among the experimental periods. Further- 1999). As far as we know there are no previous studies in 
more, the fatty acid composition of the STAEST and which the effects of plant stanols on serum cholesterol 
STEEST margarine, the fatty acid composition of the concentrations in. different apolipoprotein E genotype 
sterol and stanol fatty acid esters, the esterification degree groups have been compared to that of plant sterols. Our 
of stanols and sterols, and the actual daily intake of total present results are interesting, but these results need to be 
sterols (unsaturated and saturated) in the STAEST and confirmed in a prospective study design where equal 
STEEST margarine were identical. No significant changes numbers of subjects with different apolipoprotein E geno- 
in BMI, physical activity or other living habits were found types should be allocated to different diet groups. 
during the study. Thus, the differences in lipid responses Serum plant sterols in very high concentrations have 
between two test margarine periods can be ascribed to the been found to be atherogenic (Glueck er al, 1991). Under 
stanol and sterol fatty acid esters rather than differences in normal conditions the plant sterol concentration is only on 
background diet or other background variables. an average 3 - 17 mg/l in serum being roughly only 1 / 1000 

In the present study the subjects consumed test margar- of serum cholesterol concentration, although typical dietary 
ines in a randomized order according to the model of Latin intake of plant sterols is almost equal to dietary intake of 
square design, and each subject worked as his/her own cholesterol (about 160-360mg/day, Ling & Jones 1995). 
control. The benefit of the present study design is that it Furthermore, dietary intake of plant stanols and their serum 
eliminates the between-individual variation and the effect concentrations are very low compared to that of the plant 
of time. In earlier studies it has been shown that plant sterol concentrations. In the present study serum campes- 
sterols reduce cholesterol concentrations within 2-3 weeks terol and sitosterol concentrations were significantly higher 
of the imtiation of treatment, and on the other hand, that the at the end of the STEEST margarine period compared to 
serum cholesterol concentration return to initial value the en@ of the co~ti~l. +i STAE$T margarine periods. 
within 2-3 weeks, upon cessation the ingestion of plant Respectively, serum sitostanol and campestanol concentra- 
sterols (Farquhar et of. 1956; Heinemann er al, 1986; Jones tions were significantly higher at the end of the STAEST 
ef al. 1997; Weststrate & Meijer, 1998). Therefore, the 4 margarine period than at the end of the control and 
week study period can be considered long enough to STEEST margarine periods. However, during the entire 
demonstrate the cholesterol-lowering effect of the test study serum plant sterol and stanol concentrations remained 
margarines. very low, indicating that the absorbed amounts were very 

Our findings are parallel with the findings of our earlier small in relation to the daily intake of plant sterols or 
study (Hallikainen & Uusitupa, 1999) and strengthen the stanols from the test margarines. Although STAEST mar- 
view that stanol ester margarine decreases serum total and garine also contained a small amount of plant sterols, their 
LDL cholesterol concentrations as part of a low-fat diet. serum concentrations reduced significantly when that mar- 
Furthermore, our findings are in accordance with the study garine was consumed owing to the ability of the plant 
of Weststrate and Meijer (1998), in which a soybean oil stanols to inhibit the absorption of plant sterols. All these 
sterol ester marganne based on unbydrogenated soysterols findings are in line with the findings of earlier studies 
was equally effective as a stanol ester margarine (Bene- (Gylling et al, 1999a; Gylling & Miettinen 1999; Hallikai- 
colB) in lowering plasma total and LDL cholesterol con- nen & Uusitupa, 1999; Hallikainen et al, 2000; Jones et al, 
centration. The finding that plant stanols or sterols can 1997,1999; Weststrate & Meijer, 1998). Besides the negli- 
reduce serum cholesterol concentrations even after a mark- gible absorption of plant stanols, the low serum concentra- 
edly low dietary cholesterol intake indicates that plant tions could also result from fast and effective clearance of 
stanols and sterols must inhibit not only the absorption of absorbed stanols (Salen et al, 1970). 
dietary but also that of biliary cholesterol. This is supported The increased serum A7-lathosterol concentration and 
by the findings of the earlier plant stanols/sterols studies, in A7-lathosterol/total cholesterol ratio can be ascribed to 
which the faecal excretion of neutral sterols was increased compensatorily increased endogenous cholesterol synthesis 
despite the constant dietary cholesterol intake (Becker et al, due to cholesterol malabsorption duiing the test margarine 
1993: Gylling et oi, 1997; Gylling & Miettinen 1994). periods. Also, in previous studies the synthesis of A7- 

The subjects with apolipoprotein E4 allele have been lathosterol has been found to be stimulated by plant 
found to have a higher cholesterol absorption rate (Kesii- stanol esters (Gylling ef al, 1995,1997,1999a; Gylling & 
niemi et al. 1996; Ordovas, 1999) and therefore those Miettinen, 1994,1996; Vanhanen et al, 1993). 
subjects might have more benefit from plant stanols and During the test margarine periods there were no sig- 
sterols. In a secondary analysis the subjects with apolipo- nificant changes in concentrations of serum 25-hydroxy- 
protein E4/3 genotype had a greater percentage reduction vitamin D3, retinol or in concentrations of serum lycopene, 
in LDL cholesterol during the STAEST margarine period r-carotene, B-carotene and tocopherols related to the serum 
( 16.8%) than durmg the STEEST margarine period (9.6%). total cholesterol concentration. The findings of the present 
There are some studies in which the effects of sitosterol, study are in agreement with the findings of our earlier 
sitostanol and sitostanol esters after combining different studies (Hallikainen et al, 1999, 2000; Hallikainen & 
treatment groups (Miettinen & Vanhanen, 1994), sitostanol Uusitupa, 1999), in which we found only small effects on 
esters (Vanhanen et nl. 1994) or plant stanol esters (Uusi- serum carotenoid concentrations when changes in serum 
tupa & Hallikainen, 1999) on lipid responses in different carotenoids were related to the changes in serum total 
apolipoprotein E phenotype or genotype groups have been cholesterol. However, theie are plant stanol and plant 
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T&k I. Daily dietary intake of energy, fats, cholesterol, and vilamins A and D at base- 
line in children who first rexciwd plant stanol ester margarine and children who first 
received control margarine *c< . (,,. I( 
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Plant scan01 ester margarine is avail- 
able in many countries in Europe and 
DOW also in the United States. Thus 
children will have access to this mar- 
garine when other members of the 
Family use it as a parr of their diet. AC- 
cord;&, we studied how daily 3. 
month replacement of conventional 
vegetable margarine spreads with 
plant stanol ester margarine influencer 
serum ,,lipid and fat-soluble vilismin 
concentrations in healthy &year-old 
children already consuming a LOW- 
saturared-fal, law-cholesterol diet. In 
addition, we examined the safety of the 
margarine. 

SUBJECTS 

The children in rhe study were all 
participants of the STRIP project 
(Special Turku Coronary Rirjk Factor 
Mervenrion Project for children), 
which ia a randomized, prospective 
tial aimed at decreasing exposure of 
the intervention children to known ath- 
erowlerosis risk factors. In thi project, 
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launched in 1990, 1062 infants were 
randomized to the intervention (n = 
540) or control (n = 522) group at the 

age of 7 months as described,Gf’l The 
inttrvention families visittd the study 
pediatrician and dieritian at the child’s 
age of 7, 8, 10, and 13 months and 
thereafter twice a year. The interven- 
tion Families were advised to supply rhe 
child with a diet low in saturated Fat 
and cholcsierol; this diet comprised, for 
example, changes from breast milk or 
formula ro skim milk ai 1 year ol’ age 
and ~upplemrnlarion of Ihe child’s daily 
diet with 2 to 3 teaspoonfula of veg- 
etable oil, preferably low-erucic acid 
rapesaed oil, before the age: of 2 years. 
The goal For the child’s total fat intake 
was 30 to 35 El before the age of 3 
years. The counseling dealt mainly with 
quality of fat, aiming at the replacemtnt 
of saturated fatty acids with polyaatu- 
rated and monounsarurirted fatty acids 
to approach a polyunaaturated/mo- 
nounsacurated/saturated fat ratio of 
1 :I:1 end a daily cholesterol intake 
dOO kg. After 3 years of age the rec- 
ommended amount of fat was GO E%. 
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Families in the control group visited 
the project pediatrician and dieritian at 
7 and 13 months and then twice a year. 
They were counseled like families in 
the Finnish well-baby clinics ro change 
the child from breast milk or Formula to 
cow’s milk with 1.9% to 2.9% fat ar the 
age of 1 year, and they received no in- 
dividualized dietaT advice. The inter- 
vention and control families recorded 
the child ‘a food consumption for 4 days 
approximately a week before each visit 
with a food diary. The diet data were 
analyzed with rhe Micro-Nutrica pro- 
gram (Research and Development 
Unit, Social Insurance Instirurion, 
Turku, Finland).” 

At the &year visit rhe children in rhe 
intervention group and their parents 
were asked whether they were inttr- 
esred in participating in this plant 
stanol ester margarine study. Children 
with type I diabetes or FH were ex- 
cluded. Recruitment of 81 children 
began in April 1996 and finished 14 
months later. All children had a normal 
or mildly elevated serum cholesterol 
concentration with a mean (SD) 4,29 
(0.61) mmol/L (166 [24J mg/dL), and 
all showed normal growth with mean 
weight (SD) and height (SD) 22.6 
(2,7) kg end 118.8 (4.7) cm, rerpec- 
tively; at the age of 6 years, or +2.W 
and +0.4 5D of the mean weight and 
height of Finnish childran at that 
age I I3 Because children belonged 10 
the STRlP intervention group, they al= 
ready were conguming a diet IOW in 
sstoraled fat and cholesreroL6.” as 
demonstrated by the fat and choles- 
ta-ol intakes at the beginning of the 
srudy (Table 1). The study was ap 
proved by the Joint Commission on 
Ethics of the Turku University and the 
Turku Univttsity Central Hospital. bs 
Formed consent was obtained from the 
parents of aU children. 

METHODS 

This placebo-controlled, double- 
blinded, random order crossover trial 
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I, double 
csover tri 

:omprised rwo 3-month study periods 
dith a g-week washout period. To min- 
mize the effen~ of aeaona on serum 
:holesterol values, every second child 
legan with the plant stanol ester mar- 
sarine period, and every second child 
+ticipated in the control margarine 
period in a blinded fashion.141’5 Dur- 
ng study’periods the children were ad- 
&d to replace 20 g of daily dietaT fat 
with the respective margarine. The 
slant stanol ester margarine (Benccol, 

[:alsio Inc, Raisio, Finland) contained 
s.2 g/l00 6' o/' plani s1all0l (Q2% 
sitostano]), resulting in daily plant 
stano! intake crf 1.6 g. The control mar- 
Enr-ine was rapcsced oil margarine with 
B fatty acid content similar to rhat of 
the plant stanol ester margarine, but 
vitamins A (443 IQ rerinol equivs- 
Ienr/lOO g) and D (6 pg/lOO g) were 
atided only to the plant sranol ester 
margarine, The f’amilies used dispos- 
able spoons hblding 5 g margarine to 
measure 4 even spoor&Is of margarine 
daily, at brctikfasc, lunch, dinner, ;\nd 
afternoon or evening snacks on slices of 
bread, or if the child was unable to eat 
enough margarine as spread, on par- 
ridge, and on mashed poratoes. Study 
margarines were used far cooking and 
Fryng only it’ the child would eat all the 
food prepared. Margarine containers 
were returned without washing, and the 
true mean daily intake was calculated 
by measuring the weight of remnants 
plus .rhe container and the margarine 
cenainer washed and dried. 

iI\ood was drawn from an anrecubital 
vein with the patients under cutaneous 
anesthesia (Emla, Astra, %dert%Ije, 
S\vrrlen) during fasting at the begin- 
ning and end of the 2 study periods. 
Serum was separated by cenerifugation 
(3400 X g, for 12 minutes) after clot- 
ting at room temperature in the dark. 
Samples Far the measurement of serum 
concentrations of lipids, fat-soluble 
vitamins, creatinine, lactate dehydro- 
genase, y-glutamyl transferase, and 
noncholesterol sterols were stored be- 
fore analysis at -25°C for a Few weeks 
and then at -70°C for less than a year. 

Serum total cholesterol, HDL choles- 
terol after pttcipitation of LDL and 
very low-den+ lipoprotein with dex- 
tran sulfate, and triglyceridt concen- 
trations were measured with fully 
enzymatic methods (CHOD-PAP and 
GPO-PAP, Merck, Darmstadt, Gcr- 
many) with an Olympus AU 510 ana- 
lyzer. Serum LDL cholesterol concen- 
tration was calculated according to 
the Friedewald formula.16 Serum con- 
centrations of fat-soluble vitamin A, 
atocopherol, and P-carotene were dt- 
termined with high-performuncc liquid 
chromatography at the laboratory of 
the Research and Development Unit 
of rhe Social tnsuranoc Inscitu~ion, 
Turku, Finlsnd.‘7 Serum 25-OH vita- 
min D conctnttacions were measured 
wirh a radioimmunoassay kit (Incscar 
Corporation), Serum crentinine, luc- 
tale dehydrogenase, and yglutamyl 
tronsRraee concenrrarions were mea- 
sured with lcinetic enzymatic methods 
wirh 0 Hitachi 917 Automaric Ansly+ 
er, and white and red blood’cell values 
were measured with a hemarologic an- 
alyzer in the Central Laboratory of 
Turku University Central Hospiral. 
Serum noncholesterol sterols were 

, quantified with gas liquid chromarog- 
rnphy at the research laboratory OF the 
Department OF rMrdicine OF rhe Helsin- 
ki University Hospital with a 50-m 
capillary SK0 column (Hewictr 
Packard (UIrra I and Ulrra lI).‘“+” 

The results are expressed as meais 
(SD) with 950/o Cl. Serum triglyceride 
values were log-transformed tbr anal+ 
because of 5lcewness in the distribution 
of values. According to the intention-to- 
cream principle. all randomized subjects 
with at least 2 blood samplings were 
included in the analyses. For statistical. 
analysis the SAS 6.12 proGram pack- 
agt was used (SAS Institute, Gary, 
NC). lMultiple cffecb3 on outcome vari- 
ables wtre studied with analysis of 
variance for crossover design.*’ The 
following &ecrs were included in the 
model: treatment, period, first-order 
carry-ovtr effect, and second-order 
carry-over effect. Differences in serum 

sitostanol concentration before and 
after the use of plant sranol ester mar- 
garine were analyzed with the non- 
parametric Wdcoxan signed rank test 
because of the markedly skewed distri- 
bution of sirostanal concentration. Lin- 
ear regression analysis was used to test 
the aaaociation of baa&e serum total 
and LDL cholesterol concentrations to 
the changes in these vnriables during 
rhe use of plant rtanol ester margarine. 
Pearson’s correlation coefficients were 
calculated for correlation between 
changes in wum cholesterol and the 
plant srerol values. P values c .05 in 2- 
sided tests were regarded as signit% 
c;rnl. To rIvtcc\ (a - -06, j3 = $0) ii LI’UC 
dif&‘erence of 0.4 mmol/L (15 mg/dL) 
(assuming an SD of 0.06 mmoI/L 
[2 mg/dL]) in change in serum choles- 
terol concentration between the 2 mar- 
garine periods, rhe required minimum 
sample size in crossover design was 38 
children (19 child ren for both treat- 
ment sequences). 

RESULTS 

Out of the 81 children in tht STRIP 
intervention (36 girls) recruited, 72 chil- 
dren (32 girls) complettd rhe study. The 
plant stanol ester margarine and control 
margarine periods were evenly distrib- 
utcd over the study period, thus eliminat- 
ing the known effects OF seasons on 
serum lipid values. 14rLs A total of 4, 3, 
and 2 children withdrew during rhe 
plant stanol ester margarine period, 
the conrrol margarine period, and the 
washout period, respectively, mainly be- 
cause the child refused to participate in 
the frequent blood draws or to eai mar- 
garine. The children consumed daily on 
average (SD) 18.2 g (4.8) of the plant 
scan01 ester margarine (1.5 g of plant 
gtanolr) and 18.1 g (4.1) of the control 
margarine during 95 (range 79 to 132) 
days and 96 (84 to 113) days, respectiw- 
ly. Plant stanol ester margarine induced 
no adverse clinical symptoms or signs. 

Serum total and LDL cholesterol 
concentrations decreased slighrly from 
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HDUotai cholesterol 0,as (o:&) 0.32, (0.06) 0.29 (0,05) 
1.23 .(0.?9) •q4~,c-o~o~ )q,;Pl QJ$p -, .;; ?a 
o.sb ‘(Ol’oQ’ *ok02 (qO.01 to +o.d4) *7.5 .op1 fg&&& :, 

* ” 0.70 @,aO) 0.72 (028) 0.76 (Ok!+ O.iO (0.29) 1,019 (0.954 to 1.069)O +1.9 .73 
’ ’ ‘aT;DL chol,&em~ -‘,;, 2.72 (0.57) 234 (040) 2.75 (0,615) 2.59 (0.53) -0.27 (-0.11 to -OK!) -9.9 ,0007 

B. Below median (a = 4 l), 
Total cholesterol 4.27 (0.55) 4.10 (0.54) 4.28 (0.64) 4.31 (0.56) -0.22 (5.05 &0,38) -5.2 ,009 

, HDL cholsfiaro~ 1.23 (023) I.?$ (0.23) 1.23 (0.23) 1‘27, (0.25) -0;02 (-0.08 to +0.04) -1.6 ,.51 
HDUtod cbolestcrol 0.29 (0,06) 0.30 (0,05) 0.29 (0.05) 0.30 (0.05) . +O,Ol (-0.001 to +0.02) ‘i3.8 ” .08 

. ~Tri&&des , ._,’ 0.71,,(0.21) 0.72 (0.27) ’ 0.74 (0.28) 0.82 (O/W I Cj.958 (0.911 to l.@!I8)’ +2 
LDL choles~rol 

,-:, ,lO, 
269 (0,47J 2.50 (0.43) 2.69 (0.4$) 2.63‘(0.47) -0J4 (5.01ti 5.27) 42 . <,,03 
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the baseline values during the control 
margarine period, but decreased 5.4% 
and 7.6% respectively, during the plant 
stand ester margarine period. The 
mean treatment effect (SE) was 0‘23 
(0,06) uunol/L (9 (21 mg/dL) for tot& 
cholesteml and 0.20 (0.06) mmofi (8 
123 mg/dL) for LDL cbolesltcrol. The 
decrease in serem total and LDL cbo- 
jester01 concentrations during u~sl 01 
phr sranol ester margarine correlated 
positively with their baseline values: 
the higher the baseline values were, the 
pester was the decrease (regression 

coeffkien; = 0.40, ? - 0.24, P = ,001, 
-Lnd 0.40, r2 = 0.27, P = .OOOl, tespece 

dvely). The serum HDL cholesterol 
concentration remained unchanged. 
Canscquently, the HDL to total cholas- 
red ratio increased by 5.6% during the 
use of plant atanol ester margarine. 
Serum triglyceride values were stable 
during both marprine periods. 
’ The effect5 of plant s-01 ester mar- 
garine were then analyzed separateljr 
in rhu 5’6 tind 41 ~‘~I;IJI.L’II v IV CM- 1 
sumed daily phnt stanol eater mar- 
garino >18,6 g (median daily intake of 
all study children) or ~18-6 g, rrspec- 
tively (Table 11). Although wrum totaI 
and LDL cholesterol concentrations 
decreased in both groups of children 

during the plant etanol ester margarine 

period, the serum HDL cholestercl FO 
to& cholesterol ratio increased only in 
the children with daily plant stz.nol 
margarine intake 218.6 6. 

Serum camperterol and sitosred 
concentrations are known M correlat6 
mcn& with cholesterol absorptio14.2’~z 
E&cause plant sterols are mainly 

transported in cholesterol-containin 
particles in aerum, the absolute COD- 

centrations were adjusted for serum 
cholesterol concennation to eliminate 
the effect of changes in serum choles. 
terd concentration. Daily use of plant 
stranol ester margarine reduced the 
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Benam campesterol/cholesterol ratio 
and the ritosterolkholestetol ratio by 
39% and 32%, respectively, reflecting 
decreased chol;esterol absorption 
(Table III). The plant stanol ester mar- 
garine-induced decreases in serum total 
and LDL chciesterol concentrations 
showed a positive correlation with the 
decrease in setirn campesterol conccn- 
&on (r = 0.42, P = .OOOl and r = 0.39, 
P = .OOOS, respectively) and sitosrerol 
concentration (r = 0.36, P = .002 and r = 
0.33, P = ,004, respectively). 

Serum precursor sterol (A-8 
cholestenol, desmosrerol, and lathoa- 
terol)/cholesterol ratios, known co re- 
flect cholesterol synthesis,z2 increased 
during the use of plant steno1 eGter 
margs,rine by 18%, ll%, and 13%, re- 
spectively (Table III). 

To study the potential absorption of 
ingested sitastanol, we determined 
serum sitostanol ccincentratiois before 
and at the end of the plant stanol ester 
margarine period. The concentration 
was below the detection limit 0.05 
/bJ/L (2 pg/dL) in 66 of the 77 chil- 
dren before the period; the mean 2 SD 
(range) 8eNrn 5itostanol concentration 
iti the 12 children with measurable 
concentrations wa5 0.19 c 0.08 (0.08 to 
0.32) moUL (7 = 3 [3 to 121 pg/dL). 
After the kionth uw of plant stanol 
ester margarine, the serum gitoseanol 
concentration was measurable in 73 of 

. 

the 74 children: 0.67 * 0.24 (0.11 to 
1.31) ~oYL (25 z 9 [4 to 491 M/dL): 
P = .OOOl for dinerence in the measur- 
able values before and after the use of 
plant sranol ester margarine. 

No advice was given to the families 
regarding vitamin supplementation 
during the study periods, but supple- 
ment use was recorded. The effects of 
use of vitamin A- and D-enriched plant 
stanol ester margarine on semrn con- 
centrations of vitamin A, 25.OH vita- 
min D, and a-tocopheml were analyzrd 

’ in those 49 children who received no 
orher supplementation of Fat-soluble vi- 
tamins than that added to the plant 
stanal ester margarine, Changes in 
serum p-carotene values were similarly 
studied in chose 74 children who r’e- 
ceived no p-carotene-containing sup- 
plements. Serum 25.OH vitamin D 
and vitamin A concentrations were not 
affected by the use of.planr sranol ester 
margarine (Table IV). The absolute 
cdncentrations of serum a-tocopherol 
and P-carotene decreased from the, 
baseline values by 7.9% and 23.3%, re- 
spectively (Table Iv). However, when 
the concentrations of these anrioxi- 
dants were adjusted for serum LDL 
cholesterol concentrations (both an- 
tioxidants are carried in the LDL par- 
ticles in plasma), or-rocopherol values 
showed no change during the use of 
plant stanol ester margarine, but the 

decrease (19% from baseline values) in 
P-carotene values was significant, The 
decrease in the &carotsne/LDL ratio 
was.not greater in the children whoBe 
margarine intakr exceeded the median 
(18.6 g) compared with others (mean 
[SE] 0.03 [0.03] (pmol/mmol of LDL 
cholesterol, P = .2t For children with 
margarine intake ~18.6 g and 0.06 
(0.023 mmol/mmol of LDL cholesterol, 
P = aOO3 for children with margarine 
intake clS.Sg). 

Plant stanal ester margarine caused 
no changes in measured hematologic 
variables, serum creatinine concentra- 
tions, or lactate dehydrogenase and 
y-glutamyl transfersse activities (data 
not shown). 

DISCUSSION 

This 3-month study shows that daily 
replacement of 18.2 g of dierary fat 
with plant stanol ester margarine sig 

nificantly reduces semrn total and LDL 
cholesterol concentration in healthy 
children during a low-saturated-fat, 
low-cholesterol diet. Because serum 
HDL cholesterol concentration was 
not affected by the addition of plant 
scan01 esters, HDL/total cholesterol 
ratio was increased. Furthermore the 
Fact that serum total and LDL choles- 
ter-4 concentration showed a tendency 
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to decrease more in the children with 
daily planr rtanol earer margarine in- 
rake above she median compared with 
those with intake below the median 
suggests rhar the response is probably 
dose-dependent, The 5.4% and 7.5% 
mean reductions in serum total and 

* LDL cholesterol concentrarions dur- 
ing use ofplanr stanol esrer margarine 
in our srudy are approximately a half 
OF the petcenr decreases achieved by 
the same product in children with FH 
and markedly increased serum choles- 
rerol values. lo Because the mean 
amounr of daily ingested plant stanol 
esters of rhe children in our study ww 
only half of thar used b,\r rhe FH group 
(1.6 g vs 3,O g), the differences in re- 
sponses in lhcse 2 studies may be di- 
rectly caused by the differences in the 
amount orplant stanol esters used. An- 
other possibility is rhar rhe response 
depends on the serum cholertcrol can- 
centtarion nr the baseline; that is, re- 
sponses are larger in children with 
markedly elevated serum cholesretol 
and LDL cholesrerol values. in fact, 
rhe greater rhe baseline total and LDL 
cholesterol were in rhe children in our 
stub, the grearer were the decreases in 
~Iwsc variables during rhc use or pJanl 
stnnnl cftlcr rn9*garine8 In a similar 
manner, high serum baa&e LDL cho- 
Iesrerol concentrarionq predicred large 
decreases in serum cholesrerol concen- 
tration during the use of plant sranol 
csfer margarine in postmenopausal 
womenxz and in a population oi’ adults 
of both sexes with increased baseline 
serum cholesterol values.’ 

Plan1 s~irnol cu~crs rcducr strum 
cholesterol concentration mainly by 
inhibiting cholesterol absorption.’ 
Accordingly, in our study the use of 

plant sranol ester margarine reduced 
markedly sertim plant rterol (carnpes- 
rerol and sitosterol) to cholesterol 
ratios, I&own to reflect chol,esterol 
absorption. 21122 On the ocher hand, 
serum cholesterol precursor sterol 
(lathosterol, desmosrerol, and A-8 
chalesrenol) to cholesterol ratios in- 
creased, suggesang compensatory acti- 
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vation of cholesrerol synthesis. 22 Cho- 
lesterol absorption efficiency and ab- 
sorbed dietary cholesterol regulate 
cholesterol synthesis.24 Thus compen- 
satory activation of cholesterol synthe- 
sis has been observed, when cholesterol 
absorption is reduced by plant sranolsg 
or celiac disease,25 although serum 
cholesterol concentration ulrimately 
decreases. One study suggesrs that re- 
duction in semm LDL cholesterol con- 

centration is accompanied by enhanced 
cholesterol synthesis in healthy sub- 
jects by other dietary interventions 
(sunflower oil and rapeseed oil dirts).‘” 

’ The U6e of siloslsnol reduces absorp- 
tion of both dietary and biliary choles- 
tero1.27 Our data speak against the 
hypothesis proposed by Denke” that 
plant stanols lower serum cholesterol 
values only when used by subjects COR- 
suming a high-cholesterol diet. The 
children in the study had already been 
on a diet low in snrurared f’at and cho- 
lesrerol for years. Ar baseline in this 
study the mean daily intakes of fat, sat- 
urated fat, and cholesterol were 29 
E%, I I EN, and I50 mg, respectively. 
The use of plant sranol ester margarine 
increased total I!at intake to 33 I% 
(this value inclucle~ cl/so Otr non;lb- 
anrhnhlr plnn! stanol rr;trrs). br~l in- 
takes of saturated fat and cholesterol 
remained unchanged. This resulted in 
dietary composition almost similar to 
the inrervendon diet of Denkek study. 
Yet, plant stun01 ester margarine re- 
duced marktdly serum total and LDL 
choiesterol concentrationa in the chil- 
dren in our study, 

Because fat-soluble vitamins are ab- 
sorbed Lke cholesterol in mixed mi- 
celles, plant stanols may interfere with 
their absorprion. In our &tidy all chil- 
dren had consumed commercial mar- 
garines supplemented with vitamin D 
(7 &$lOOg) and vitamin A (550 to 900 
& rerinol equivalent/IOOg) before rhe 
beginning ofthe plant stanol ester mar- 
garine trial. Serum concenrrarions OF 
vitamin A and 25OH vitamin D rc. 
mained unchanged during rhe uee of 
vitamin-supplemented plant stanot 
ester margarine, implying that supplc- 
mented plant stanol ester margarine 
does no1 aKecr sewm concrntrarions of 
these vitamins at leas! during the 3. 
monrh study period. Serum concentra- 
lions ol’viremine A and Z-OH D were 
also unaflkcred after ingestion or the 
control margarine, which was no1 sup- 
plemented with these vitclmins. This 
resulr may indicate that the vitamins A 
and D consumed in the supplemented 
margarine contribute less than expect- 
ed to their serum values. In adults 
serum concentrations of vitamin A and 
25-OH vitamin D were unchanged 
after plant stanol ester margarine w&6 
used l’or I yaar.3al3i 

Animal and human studies have 
shown that sirostanol is virtually unab- 
sorbabJe.27’29 In our study sitostanol 
was detectable in serum of almost all 
children titer the use of Plant stanol 
ester margarine, indicating that mini- 
mal amounts of sitostano! are ab- 
sorbed, However, the mean serum 
sitostanol conc&tratiori was only ap- 
proxiinatrly 1:6000 of the concentra- 
tion of serum choIesterol, even though 
the children ingested 10 times greater 
amounts of sitostanol than ckolesterol. 

I’ianl slimol aslcra may also irircfrclx~ 
wirh the absorptien of Fat-soluble an- 
tioxidants, u-tocopherol and p-carotene. 
However, in our srudy LDL cholesterol- 
adjusted a-tocopherol values remained 
unchanged as previousiy reported in 
adulte.g Serum p-carotene concenrra- 
tion decreased markedly during the 
use of plant Stan01 ester margarine in 
the children in our study even when 
adjusted for LDL cholesterol concen- 
tration, A similar result was seen in 
adults.30*31 Oxidized LDL has an 
important role in athctogenesis, 33 

and in epidemiologic studies plasma 
p-carotene concentration so.4 to 0.5 
PmollL is considered to be related to 
decreased risk of ischemic heart dis- 
ease. 34 In rhis study serum P-carotene 
values at the beginning and after the 
plant stanal ester margarine period 
clearly exceeded these values. Further- 
more controlled intewention trials have 
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failed to reduce the incidence OF 
cardiovascular disease by P-carotsns 
supplementation, 56-57 Thus it seems 
unlikely that the slightly decreased 
p-carotene concentration during thr! 
use of plane scan01 eater margarine 
could hamper the positive effsct ot’re- 
duction in LDL cholesterol concentra- 

tion on atherosclerosis prevention. 
However, the definite importance of 
the reduced p-carotene coocantration 
cannot be established. 

NBV.WSUI 111 WF’, Tracy RE, Wanigney 
WA, Gasociotion betwtin multiple car- 
diovascuku r&k factors and athero&- 
rorip, in children and young ad&e, N 
Engl J Med 1998:338:1650-6, 

6. Niiaikoslci H, Viikarl J, Rannemaa T, 
Lapinlaimu H, Jokinsn !Z, Sale P, tt al. 
Prerpsceive random&d trial of low-cat. 
urated.fat, low-cholesterol diet during 
the first 3yws of life. The STRIP baby 
project. Circulation 1996;94: 1386-93. 

7. Vaniainen E, Purka R Pietinen P, 
Nireinen A, Leino U, Uusitaio U. tit: 
fects of dietary Cnr modifications on 
serum Iipide and blood pressure in 
children, Acta Paediatr Stand 1986; 
75:396901. 

DS. Estimadon of the concentration af 
low densip lipoprotein in plasma, tirh- 
out use of the preparative drracrrn- 
trifuga. Clin Chsm 3972;18:499.602, 

17. Milne DB, Botnan J. Rednol, alph&. 
copherol, Iycopene and alpha- and beta- 
carotene simultaneously determined in 
plasma by isocratic liquid chromatogra- 
phy. Clii Chem 1986;3!2:874-6. 

[n summary, intense dietary inter- 

vention in the STRIP trial has prevf- 
ously resuIted in a 4.6% deereMe in 
serum cholsaterol concentrations in 
healthy children. 6 The addition of es= 
rerifid plant stanols to the diet further 
reduced childrenb Serum cholesterol 
concentration by 5.4%. The combined 
effect is IL 10% reduction in serum cho- 
tcyterol concentration. Reduction in 
stirurn chalestcrnl af this msgnirrrde, if 
permanent, could reduce ischemic 
heart diseuse tnortaIity,3N especially ii 
the intervention ir atarted in child- 
hood, The use ot’ plant stanol ester 
margarine caused no adverse clinical 
effects, bur serum absolute and LDL 
cholesrorol-adjusted j3.caroLene con- 
ccnrrarions decreased clearly, 

. 

8. The Writing Croup for the DISC Col- 
laborative Research Croup. Efticacy 
and s&y of lowering dietary inrake of 
fat and cholrst~rol in children with ele- 
vared law-drnsiv lipoprorein cholea= 
terol. JAMA 1995;273:1429-35, 

18. Miettinsn TA, Koivisto P, Non-choles- 
terol sterols and bile acid production in 
hypercholearerolaemic patients with 
SeaI bypass. In: Paumgarrnsr G, Stiehl 
A, Gerok WA editors. Bile acids and cho- 
iesterol in health and disease, Lancaster, 
Engla.nd: MTP Press: 1983. p, 183.7. 

19. Miettinrn TA. Chole*rerol metabolism 
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J Lipid Res 1988; 29:43.51. 
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Effects on serum lipids, lipoproteins and fat soluble antioxidant 
concentrations of consumption frequency of margarines and 
shortenings enriched with plant stanol esters 

J PIat’*, ENM van Onselen’, MMA van Heugtenl and RP Mensink 

‘Department of Human Biolofl, Maastricht Universi& Maastricht, The Netherlands 

Objective: To examine in humans the effects on serum lipids, lipoproteins and fat-soluble antioxidants of a daily 
consumption of 2.5 g plant stanols, consumed either once per day at lunch or divided over the three meals. 
Design: A randomized, double-blind, placebo-controlled, cross-over design. 
Subjects: Thirty-nine healthy normocholesterolemic or mildly hypercholesterolemic subjects participated. 
Interventions: Each subject consumed in random order; no plant stanols; 2.5 g plant stanols at lunch; and 2.5 g 
plant stanols divided over the three meals (0.42 g at breakfast, 0.84 g at lunch and 1.25 g at dinner, which is 
proportional to dietary cholesterol intake). Each period lasted 4 weeks. Plant stanols were esterified with fatty 
acids from low erucic rapeseed oil (LEAR) and incorporated into margarines or shortenings. 
Results: Consumption of 2.5 g plant stanols at lunch results in a similar low-density lipoprotein (LDL)- 
cholesterol-lowering efficacy compared to consumption of 2.5 g plant stanols divided over the three meals 
(-0.29 mmol/l compared with the control period (P K 0.001; 95% CI, -0.19 to -0.39mmol/l) for the once per 
day diet and -0.3 1 mmol/l (P c 0.001; 95% CI, -0.20 to -0.41 mmol/l)) for the three times per day period). 
High-density Lipoprotein (HDL) cholesterol and triacylglycerol concentrations did not change. After standardi- 
zation for LDL cholesterol, the sum of the most lipophylic hydrocarbon carotenoids (ie cc-carotene, p-carotene 
and lycopene) in particular was slightly, though not significantly, lowered by -0.017 k 0.018 ,umol/mmolLDL 
cholesterol (P~O.307) after the once per day period and by -0.032 i 0.016 pmol/mrnolLDL cholesterol 
(P = 0.049) after the three times per day period. 
Conclusions: Our findings suggest that for lowering LDL cholesterol concentrations it is not necessary to 
consume products rich in plant stanol ester at each meal or simultaneously with dietary cholesterol. 

* Spdnsorship: Raisio Group, Raisio, Finland. 
Descriptors: plant stanols; consumption frequency; diet; serum lipids; serum lipoproteins; fat-soluble anti- 
oxidants , European Journal of Clinical Nutrition (2000) 54, 671-677 

Introduction .’ 

Plant stanols are useful hypocholesterolemic agents since a 
daily intake of 2-3 g lowers LDL cholesterol concentra- 
tions by lo- 15% as found in various populations (Wester, 
1999; Law, 2000). The proposed mechanism is .that plant 
stanols reduce the micellar solubility of cholesterol and 
consequently lower intestinal absorption of both exogenous 

.a and endogenous cholesterol (Heinemann et al, 1991). This 
suggests that plant stanol ester? should be consumed at each 
meal to obtain a maximal cholesterol-lowering effect. 
However, consuming plant stanol esters at lunch and 
dinner only (Weststrate & Meijer, 1998) showed a decrease 
in LDL cholesterol comparable to that when consumed 
three times daily (Miettinen et al, 1995; Plat & Mensink, 
2000). This suggests that plant stanols are active in the 
intestinal tract for at least a few hours. It has, however, 
never systematically been evaluated whether the efficacy of 

*Correspondence: J Plat, Department of Human Biology/Maastricht 
University, PO Box 616, 6200 MD Maastricht, The Netherlands. 
E-mail: J.Plat@HB.UNIMAAS.NL 
Guaruntort RP Mensink. 
Confributors: This study ‘was planned by RPM and JP. All authors have 
contributed to the execution, analysis, interpretation, and reporting of the 
study. 
Received 10 January 2000; revised 13 April 2000; accepted 17 April 2000 

plant stanols to lower serum LDL cholesterol depends on 
consumption frequency. 

The main purpose of the present study therefore was to 
examine in a normocholesterolemic and mildly hyperchol- 
esterolemic population the effects on serum lipids and 
lipoproteins of a margarine and shortening enriched with 
plant stanol esters, consumed three times per day, vs an 
equal dose of plant stanol esters, consumed once per day. 
Also effects on plasma fat soluble antioxidant concentra- 
tions were evaluated, as these may be affected by con- 
sumption of plant sterol and stanol esters (Weststrate & 
Meijer, 1998; Gylling & Miettinen, 1999). 

Methods 

Subjects 
Forty-three subjects f&m Maastricht and surrounding areas 
applied for the study. Twenty-six of these volunteers had 
participated in a previous study on the effects of plant 
stanol esters on serum lipids and lipoproteins (Plat & 
Mensink, 2000), while the others were recruited via posters 
in public buildings. Subjects were invited for a screening 
visit to see if they met our eligibility criteria: age 18-65 y, 
fasting serum total cholesterol concentration -C 6.5 IMIO~/~ 
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(2.5 1 mg/dl), fasting serum triacylglycerol concentration 
< 3.0 mmol/l), body mass index?30 kg/m*, diastolic 
blood pressure < 95 mmHg, systolic blood pressur- 
e < 160 mmHg, no presence of proteinuria or glucosuria, 
no use of medication or a diet known to affect serum lipids, 
and no history of coronary heart disease. Volunteers had 
not donated blood at least 4 weeks before or during this 
trial, and did not participate in another biomedical study. 
All subjects gave their written informed consent before the 
start of the study. A population of normocholestero- 
lemic and mildly hypercholesterolemic subjects was used, 
since the serum cholesterol lowering efficacy of plant 
stanol esters-expressed as a percentage-does not 
depend on initial serum LDL cholesterol concentrations 
(Wester, 1999; Law, 2000). Hypercholesterolemic subjects 
were not included, as many of these patients have a history 
of cardiovascular disease, or use medication or a diet 
known to affect serum lipids, which were all exclusion 
criteria. 

One subject was excluded for a serum total cholesterol 
concentration >6.5 mmol/l and two subjects decided not to 
participate. Consequently, the study started with 40 volun- 
teers. One subject dropped out during the first week, 
because she could not combine the study protocol with 
her lifestyle. The remaining 39 volunteers, 28 women and 
11 men, completed the study successfully. These partici- 
pants were 3 1 i- 14 y of age (mean + s.d.) and had a body 
mass index of 22.7 & 2.6 kg/m*. Before the study started, 
mean serum total cholesterol and triacylglycerol concentra- 
tions were 4.74 5 0.85 mmol/l (range 2.83-6.28 mmol/l) 
and 0.99 f 0.39 m.mol/l (range 0.39- 1.84mmol/l) in 
women ancl 4.94 &- 89mmol/l (range 3.37-6.15mmol/l) 
and 0.97 + 0.53 mmol/l (range 0.44-2.02 rnmol/l) in 
men. Seventeen women had cholesterol concentrations 
below 5.0 rnmol/l (normocholesterolemic) and 11 women 

’ had cholesterol concentrations between 5.0 and 6.5 mmol/l 
(mildly hypercholesterolemic). For men, these figures were 
seven and four, respectively. One man and three women 
smoked cigarettes, 19 women used oral contraceptives and 
one woman was postmenopausal. 

Design and diets 
The study, which was approved by the Medical Ethics 
Committee of Maastricht University, had a double-blind, 
placebo-controlled cross-over design (Figure I). Each sub- 
ject received three different diets for 4 weeks in one of the 
six possible treatment orders. There was no washout period 
between the three different dietary periods. Before the start 

t weeks t t t t t t 
0 3 4 7 a 11 12 

m Control 0 Once per day q Three times per day 

Figure 1 Experimental design of the study. 

of the study, the subjects were randomly aIIocated to one of 
the six groups. The participants were instructed to maintain 
their customary lifestyles and home diets throughout the 
study. During the study, they recorded in diaries any 
symptoms, visits to physicians, medication used, menstrual 
phase, alcohol use and any deviation from the protocol. 
Body weight was recorded weekly. 

During the study, the subjects were required to replace at 
breakfast and at lunch their habitual margarines for an 
experimental margarine of which, at breakfast 10 g and at 
lunch 20 g, had to be consumed. Within 1 h after dinner, 
each participant also had to eat a cake or cookie, which 
contained 10 g of an experimental shortening. These cakes 
and cookies were prepared every week by a local bakery 
especially for this study. To control fat and fatty acid intake 
as much as possible, each participant also received during 
each period a shortening without plant stanol esters that had 
to be used for baking and cooking. 

One experimental margarine contained 4.2 g/ 100 g plant 
stanols as its fatty acid (low plant stanol ester margarine), 
and another margarine 12.5 g/100 g (high plant stanol ester 
margarine). The plant stanol concentration in the experi- 
mental shortening was 12.5 g/ 100 g. Products provided 
during the control period did not contain any plant stanol 
esters. 

The mixture of vegetable oil and pinewood-derived 
plant stanols contained approximately 76% sitostanol and 
24% campestanol. Sitostanol was prepared from /?-sito- 
sterol and stigmasterol, and campestanol from campesterol, 
both by hydrogenation. Free sitostanol and campestanol 
were transesterified with rapeseed oil fatty acids, forming 
fat-soluble sitostanol and campestanol esters. The plant 
stanol esters were then mixed with the experimental mar- 
garines and shortening. The plant stanol esters were added 
to the experimental margarines at the expense of water and 
to the experimental shortening at the expense of absorbable 
fats. All the margarines and shortenings were prepared 
from low erucic acid rapeseed oil (LEAR) and contained 
68% (margarines), 99% (control shortening) or 86% 
(experimental shortening) absorbable fats. All margarines 
and the shortening were fortified with normal amounts of 
vitamin A and D. P-Carotene was used as a coloring agent, 
while vitamin E was present as a natural compound. The 
margarines and shortenings were produced and provided by 
the Raisio Group, Raisio, Finland. 

At a daily intake of log margarine at breakfast, 20 g 
margarine at lunch, and 10 g shortening incorporated into 
the cakes and cookies after dinner, the aimed plant stanol 
intake during the experimental periods was 2.5g. The 
distribution of plant stanol intake over the day, however, 
was different (Figure 2). During the once per day period the 
2.5 g of plant stanols were consumed once per day at lunch, 
while during the three times per day period the plant stanols 
were provided in amounts proportional to cholesterol intake 
(Ministeries van Welzijn, Volksgezondheid en Cultuur en 
van Landbouw, Natuurbeheer en Visserij, 1993). Thus, 
0.42g plant stanols were consumed at breakfast, 0.84g at 
lunch and 1.25 g at dinner. 

The volunteers had to come at least once a week to the 
Department to receive a new supply of products. The 
experimental margarines were given in color-labeled tubs, 
which contained 75 g margarine (breakfast) or 145 g mar- 
garine (lunch). The cookies or cakes were provided in 
similarly color-labeled bags. The tubs and the bags pro- 
vided margarine, cakes and cookies for one week. Parts of 
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Figure 3 Percentage changes of LDL cholesterol standardized plasma 
hydrocarbon carotenoid, oxygenated carotenoid and tocopherol concentra- 
tions (pmol/mmol LDL cholesterol) at the end of the once per day period 
and the three times per day period, both compared with the concentrations 
at the end of the control period (means + s.e.). Hydrocarbon carotenoids 
were calculated as the sum of j-carotene, a-carotene and lycopene, 
oxygenated carotenoids as the sum of lutein/zeaxanthin and fi-cryptox- 
anthin, and tocopherols as the sum of a-tocopherol, B + y-tocopherol and 
6-tocopherol. 

1998), lower serum total and LDL cholesterol concentra- 
tions. We have now demonstrated that a daily intake of 
2.5 g plant stanols as its fatty acid esters, either consumed 
once per day (at lunch) or divided over three meals (0.4 g at 
breakfast, 0.8 g at lunch and 1.2 g at dinner), resulted in a 
similar decrease in serum total and LDL cholesterol. The 
amount of plant stanols in the latter period was divided 
over the three meals in such a way that the largest intake 
was at dinner and the lowest intake at breakfast. This 
differentiation is largely in correspondence with the dis- 
tribution of cholesterol intake over the day (Ministeries van 

2 Welzijn, Volksgezondheid en Cultuur en van Landbouw, 
Natuurbeheer en Visserij, 1993; Table 2). Our findings 
therefore demonstrate that it is not necessary to consume 
plant stanol ester products simultaneously with dietary 
cholesterol or with each meal. This provides variety and 
may increase compliance for potential consumers. Like in 
other studies, serum HDL cholesterol and triacylglycerol 
concentrations were not affected. As a result, the total to 
HDL cholesterol ratio was significantly lower at the end of 
both the once per day and the three times per day period, as 
compared with the control period, 

The mechanism by which plant stanol esters affect 
lipoprotein metabolism and lower serum cholesterol con- 
centrations has only partly been elucidated. It is, however, 
generally assumed that the intestinal absorption of both 
dietary and biliary cholesterol is reduced in the presence of 
plant stanols, since the micellar solubility of cholesterol is 
lowered (Ikeda et al, 1989). Therefore, it has been sug- 
gested that plant sterols, which also lower the micellar 
solubility of cholesterol, should be consumed at each 
cholesterol-containing meal to achieve an optimal effect 
(Mattson et al, 1982). However, this suggestion is not 
supported by our findings. We therefore hypothesize that 
plant stanols, or plant stanol esters, remain in the intestinal 
lumen or in the enterocytes for a while. Indeed, only 70% 
of an orally administered single bolus of 14C labeled 
sitostanol to niale Wistar rats is found in the feces after 
24 h (Ikeda & Sugano, 1978). After 2 and’ 3 days the 
cumulative fecal excretions were 90% and 97%, respec- 
tively. Thus, when the low absorption of sitostanol into the 
circulation (Hassan & Rampone, 1979) is neglected, at least 

25-30% of the sitostanol is still in the intestinal tract after 
one day. However, when rats were fed 0.5% cholesteroI and 
0.5% sitostanol (W/W) for I8 days, the daily fecal excre- { 
tion of sitostanof showed a recovery of approximateiy $ 
100% (Sugano et al, 1977). This implies that in rats, at : 
ieast within 18 days, a steady state was reached and ; 
sitostanol intake equaled sitostanol excretion. This still 
does not elucidate whether sitostanol remains in the intest- ’ 
inal lumen, and if so, in which part, or in the enterocytes. It 
also does not answer the question of how long plant stanols 
are active in the intestine. Studies with taco-2 cells have 
addressed the question whether micellar 14C-labeled sitos- 
terol could be taken up in the enterocyte and subsequently 
be excreted across the basolateral membrane (Field et al, 
1997). To our knowledge no such studies with sitostanol 
have been published. It appeared that sitosterol was indeed 
associated with the taco-2 cells. It was, however, not 
esterified intracellular and not excreted to the basolateral 
medium. This implies that sitosterol can indeed remain in 
or can be associated with enterocytes. The fUnctiona 
significance of these findings, however, is unknown. Theor- 
etically sitosterol could remain associated with the entero- 
cytes only temporarily, be released into the lumen after 
several hours, and consequently affect micellar solubility of 
intestinal cholesterol at that moment. It can, however, also 
be speculated that plant sterols or stanols not only affect 
micellar solubility of cholesterol, but have additional 
effects on intestinal lipoprotein metabolism as well. 

In this study, serum LDL cholesterol concentrations 
were significantly reduced by 9-lo%, when plant stanol 
esters were consumed. In a previous study, also in a 
normocholesterolemic and mildly hypercholesterolemic 
population, serum LDL cholesterol concentrations 
decreased by 1 1 - 13%, when 3.8 or 4.0 g plant stanols as 
its fatty acid esters were consumed (Plat & Mensink, 2000). 
As already discussed (Mensink & Plat, 1998; Wester, 
1999), hardly any additional benefit is obtained when 
daily intake of plant stanols exceeds 2.2 g. 

Although total fat consumption during the three diet 
periods was similar, the fatty acid compositions of the diets 
were not entirely comparable. This was due to the slightly 
lower absorbable fat content of the stanol ester shortening 
compared with the control shortening. However, the mar- 
ginal differences in the dietary fatty acid compositions were 
too ‘small to have a major impact on serum lipoproteins. 
The LDL-cholesterol-lowering effect of the once per day 
period might have been overestimated by O.O2mrnoI/l 
compared with the control period, while the LDL-choles- 
terol-lowering effect of the three times per day diet might 
have been underestimated by 0.01 and O.O4mmol/l, when 
compared with the control period and the once per day 
period, respectively (Mensink & Katan, 1992). 

Consumption of 2.5g plant stanols three times a day 
significantly lowered most of the carotenoid and tocopherol 
isomers studied. In contrast, consumption of a similar 
amount of plant stanols once day at lunch only resulted 
in reduced absolute a-tocdpherol and p-carotene concen- 
trations. In addition, all antioxidants studied showed 
slightly lower concentrations at the end of the three times 
per day period compared with the concentrations at the end 
of the once per day period (Tables 4 and 5). These absolute 
reductions can be explained largely by a reduced number of 
LDL particles in the circulation, which are major carriers of 
the fat-soluble antioxidants. Therefore, the differences were 
no longer significant after standardization for LDL choles- 
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terol. Furthermore, we have shown that, in particular, the 
most lipophylic hydrocarbon carotenoid concentrations (ie 
a-carotene, /?-carotene and lycopene) were lowered by 
plant stanol ester consumption. The mechanism and the 
biological significance of these effects, however, remain to 
be elucidated. 

From our results we conclude that a daily consumption 
of 2.5 g plant stanols as fatty acid esters either at lunch or 
divided over the three meals does not affect its serum LDL- 
cholesterol-lowering efficacy. This implies that it is not 
necessary to consume plant Stan01 esters simultaneously 
with dietary cholesterol or with each meal. We therefore 
hypothesize that plant stanols, or plant stanol esters, remain 
in the intestinal lumen, or possibly in or associated with the 
enterocytes. It can also be speculated that plant stanols not 
only affect micellar solubility of cholesterol, but have other 
intestinal effects on lipoprotein metabolism as well. There- 
fore, further research will be necessary to elucidate the 
mechanism by which plant stanols lower LDL cholesterol. 
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Effects of kw-fat stanol ester enriched margarines on 
concentrations of serum carotenoids in subjects with elevated ,, 
serum cholesterol concentrations . 

MA Halliincn’*, ES Swlckinen’ and MIJ Uusitupa’ 
t % ‘. 

Objrrrlve: To invud@e lhe cfhb of lwht !xanol wtcr margarim on conccnrrJions of serum carowids, 
DeaIgn: A mndornkd paralkl double-blind srudy d&n coruirtinp of a Qwuk run-in (high-k diet) and ~a. 8- 
week expcrimeotal (low-ht low-cholw~crol dirt) period aving the cspkmcntal din p&d subje conswned 
low-fat wood ounal cster(nrSEM. vegetable oil rr~nal uw WOSEM) OT conuol (no rlnnol esren] margarine 
daily. Tbc d&ly mesa taul srancl intake wss 23 I and 2.16 g in lc ‘X$&M and VOSEM groups. rrsprrtircly. 
Se-g: Outpstimt cl&al trial wi& fke-living subjects. 

, Sub&k: Altogether, 60 bypctcboltanolrcmic subjects wuc sckctcd Tot the study out of 91 or@naily 
scnccncd. ?ha study ww cumpkttd by 55 subjecu 

, 
iMain OJCCO~LI measures: Sewn z- and &cnwne and lycopene dacrmined by the HPLC. . 
&6&: scnna z- cwcentcation did not chaugc si#fk&~ in &her of the czpcsirnenctl grwps. 
whaeaa &carotene concentration dccrcascd significantly in Ihc WSEM and VOSEM groups (P c 0.01). and rhe 
chengc diffcnd si@csnriy (P c 0.05 md P < 0.01, rcspoctivcly) from rhpt of Be cwual group, Decrcnu in 
z+parmlc conccnEadon WIS significanlly gmrn [P c 0.05) in bath cxpcdntcncll pups than in the conuel 
group. Houmu, the &nge in r, j- or tz+&camtcne@tal chol~nem1 rho did oat differ rigniflaadv among 
the gnlps. No significant changes vwz found In sawn lycopene or lyropenc/totnl choksterol wio in both 
cxpcrimenul gmops. 
Conchsha: Low-fat stanol ester maqwines a-d to WC little cffeen an strum concmmians of z-, fi- w 2 
+ jLcmltnt.-or lyccpcnc. 
Spowwship: Graut to the University of Kuopio by Ikaiio &Ma1 Ltb Rnisio. Finland. 
Dtxdptw: phnt SK& carwnvid; lycopcne: xm jkworenr. chaltstcrol 

Introducdon 

Plant scerols have been found to reduce strum cholesterol 
concentrations by inhibidng the absorpdoa of both diemry. 
and bikuy cholesterol from the SnLpll intestine (Heinemann 
et al, 1991: Becker ef 4 1993; Gylling e! al, 1997). They 
may also nducc the concentrations of serum cwotenoids. 
pmicularty sewn ~-carotcnt conccnnadon (Gylling et al, 
1996). In a rtcmly published study it was obsewcd rhat 
plant ncrol-eariched mar@rioa reduced plasma lycopenc 
a5 well as z+auoknc conccntratians, even if the changes 
in plasma lipid concenu&ns wwe taken into account 
(Wutsttutt & M@jcr, 199%): Reduction in suum carow- 
noid conctn~&~ti CM be undesirable, because thcrc m 
indications that clvbtcnoids could have beneficial effeca on 
human health (Gcrser 1993; ,MsyM, 1996). The Oiost 

200’d kjsz:oT: -l0/92/0T. 

stodied cntwnoid in this mpec~ is p-carotene (Gerster 
1993; Mayne, 19%). 

Lytopent is 0% of the most abundant carmenoids in 
human blood and tissors, it has RM been found to have a 
proviwmia A activity, but it bar bnn found ti have 
antioxidant propenis (Clinton, 1998). Therefore. we invcs- 
Cigared rhe ~ffttts of two low-far magarincs tnriched wirh 
wood- or vcqxablc oil-based plant stanoi c-serum 
lycopem and z- and z + @%otane concentrations as pm 
of a low-f&t dia. Rernrtts on serum lipids have been 
published ekvherc (HaiWiicn & UusirupnJ999). 

Methods 

Subject srudy design, di and labonary measuremews 
have been described in mom detail ekewhcrc (Hallkiien 

.& Uusimpa. 1999). 

Altogether 60 bypercholesrcrolacmi subjects were * 
selecrcd for the study out of 91 originally scrccncd,subjeccs. 
The study was complckd by 55 subjecrs, whose baseline .’ 
characteristics are show in Table 1. The study protwol 
sag approved by the Erhics Commircea of the University of 
Kuopio and all subjects gave their w&w consen;. 
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Stut.+ design 
The study has carried out with a parallct double-blind mdy 
design. All .subjects started the srudy with a 4-week run-in 
[high-fat diet) period. At the end of the Nn-in period the 
subjects wete mndomized into one of the rhrtt txpuitmn- 
PI groups: wood stanol ester margarine (WSEM). vegcta- 
blc"'oil stanol eser margarine (VOSEM) or eonapl 
margarine. Afkr mndomization the subjcco followed n 
closely insmtcted, and strictly and trcsrcUrtly monitored 
low-fat. Icw-cholesteroI diet which n-bled Step 2 Orthe 
Nntionul Cholcstcrol Education Program (1994) fbr the 

next 8 W&S. As pan of that diet the subjects consumed 
2S g rapevxd oil-based low-fat margarine (Raiio Group 
Plc, Raisin Finland) daily. The daily dose of rhe tear 
matgatincs was talceh in two to rtuee ponions in connection 
with tlae m-Is. The two test margGnes~contained about 
31% and the control margarine about 35% absorbable fht. 
The thcorcdcal, daily intaL of total snutol \was 2.34 g &f 
- g was sltosranol &Qd 0.19 g txunpestanol) and 
2.20 g (of which 1.50 g was sicI and 1.70 g cat+& 
‘6ii5fl in the WSEM and VOSE34 gmups, respectively. The 
conuol margarine did not contain &led ‘plant s&olr, 
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The subject-t tecorded the consumption of the test margar- 
incs daily in the Follow-up diaries and the adlxrence to the 
diets w8~ monitored by a 4day (3 weekdays and 1 weekend 
day) food record kept three times during the experimental 
periad. - 

Lohommy meawmnents 
Venous blood samples wert obtained after a 12 h overnight 
fur. Enzymatic colorimerric methds were I& for the 
dctei&ation of serum total and lipop’mtein lipids using 
commcmial kits (Monotest ChoIcsteroI and Triglycerirk 
GPO-PAP, Boehrlnger Mannhcim GmbH Dignasn’ca, 
Mannheitn, Germany) and P Kane Specific Clinical Analy- 
zer QCona Ltd, Espoo, Finland). Seturn carotcnoids were 
obtained at the beginning and the end of the experimenta 
diet pctiod and were analysed at the end of the shady from 
samples stored at -70°C us-q a high-pcr$orrnancc liquid 
chmmatography system (Perkin Elmer, USA) equipped 
with a C18 wlurnn (Nova-paJt Waras, USA), and detected 
31 4M Ill& usiq a uvikr+ 735 LC detector prtllnny) 
(hiskell er 01. 1983: Kapliul cr al 1987). 

SmtIstical analyses wete performed with SPSS for Win- 
dowa 6.0 statistics program (SPSS. Chicago, IL, USA). 
Values of serum carotcnoid6 WQt annlyscd by the CiMljWS 
of variance for repented measurements (MANOVA). foI- 
lowed by a sin&+measutxtnent simple factorial analysis of 
variance (ANOVA) test and Student’s r-test or paired ~-test 
or the Kruskal-WaILis one-way ANOVA rut followed by 
Mann-Whitney U-test. Logarithmic Omsfmm3tionS were 
used when appropriate. To control the overall z Icvel, 
Bonferroni adjustment was made. The results ate expressed 
3s means f s.d 

- 
Results 

. . 

Results on baseline characuristig intake of nut&m. 
changes in serum lipids and also fl+arotene have been 
PrcslMCd ekWhc!E (Haltikaincn & Dusitupa. 1999). 

The intake of nutrients during the expcrimeneel diet 
periods was stable and did not differ among the three 
groupa. ‘he menn intakes of tbt and sanmcd fatty acids 
wem 25.6-2&S% of energy (E%) and Q-7.3 E’rc tespefi 
tivcly, in the three study groups. The mcnn daily intake of 
diefay cholcstcrol was 137-161 mg. achieving the goal of 
the Step 2 diet of the Nntional cholesterol Education 
PrOgram ( ~200 mg/& National Choksted Education 
I’m- 1994). Acmnl daily intakes of pkint stanols ss 
mean values are ptesentcd in Table I. 

During the experimental period xtum total and LDL 
cholesterol decreased significantly in all three groups. The 
net decrease in serum total choIesteml concentration was 
10.6% (P-z O.OS) and 8.1% (P-zO.03). aad in LDL cha- 
Icsterol 13.7% (P < 0,Ol) and 8.6% (Pa= 0,072) in the 
WSEM and VOSEM pupa, ~spectkly, compared with 
rhe contml group. 

Smrm &canxcne decrused significantly within both 
~xperimerrtnl SUPS (p < O-01), but incrcastd slightly, but 
non-signifkantly, within the control group. The changes 
differed si@fieantIy bema the expcr&ntal groups and 
the conmA group. HOWMT, no significant diffmnces 
aIrtong the grlwps wee found in XnUn &G4mtenc afta 
standardization for serum total cholesrcrol concentration. 

-b00’d 1382 :0T. Te)/SZ/OT 

There wcrc no significant changes in serum z-txratenc 
conccntretion or z-caroknc/totaI cholcstcro1 ratio within - 
the WSEM and VOSEM groups (Tabie 1). Within the 
control gtnup that ratio decreased slightly, but statistically 
significantly. Serum 3 + p-cntoktlc concentration 
decreased within 011 groups, but only within the WSEM 
and VOSEM groups did the dccrrase reach statistical 
significance (Table 1). and ic differed signiricantly from 
that of the ConId group. However, theax were no sign% 
cant changes in serum *~-carotene conccntmtions after 
standardization for acnun total cholesterol concenirarion 
within any of the three study groups or differences in the 
changes among the groups. Serutn lycopene and lycope- 
ne/total cbolcsterol ratio did not ctwgc Signifi~tly in he 
cxpcrimcntal groups. but the ratio inked significantly in 
the coattol group (Tabk 1). 

Mscusdion 

In the present study the wood stanol ester margarine rurd the 
vegetable oil stanol ester margtuinc had only a small et?& 
on serum concentrations of z- and &camtene. the sum of 
a+j%carotene or lycopene, in patticular when changes were 
related to rhc changes in sctum tore1 cholesterol conccntra- 
tioas. Before lipid srandrudiiation actum jbaxotcne con- 
centratios decreased significantly; however this was nor 
unexpected. because serum LDL-cholesterol concentrations 
decreased significnntly in the pfiscnt study and in tircula- . 
tion carotcnoids am tmnsportcd in lipoproteins. mainly in 
the LDL franion, but also in HDL and to II minor extent in 
MDL fraction (Clcvidence t Bicri, 1993). 

There ate only a few studies (Gylling cr CA. 1996: West- 
straw % Meijer, 1998; Hcndribq er al. 1999) in which the 
effects of planr staools or plant sterols on serum or plasma 
catotcnoid conccntmtions have been invcaigated. In the 
study of Gylting er UI (1996). after lipid standardization 
serum &carotenc conccnttation tended to decrease more in . 
two sitostanol ester margarine (sitosrenol intake 3 g/d and 
2 g/d) groups than in the eonho group, whereas unstan- 
dardized at@ lipid standardized senxn z-carotene conccn- 
muian decreased similarly in all rhrec gmups. In the study 
of Wetxsuate and Meijer (1998) the plant stctol enriched . 
mrg31incs (sxerol intake 1.5-3.3 g/d) Isa significantly 
decttased lipid standatdizcd pIssmn z + /I-camte.ne con- 
centrations. Moreover, Hendriks et 01 (1999) found that 
the daily dose of OJ33 nnd 334 g plant ~eralr decreased 
lipid standardized plasma t-+-&carotene moec than the 
1.61 g doily dose. The effects of plant stctols and plant 
stanols on plasma lycopeac concentrations were smaller 
dun the eRecti on plasma catmenrs (Weatstrate & Mcijer, 
1998: Hendrii cl of. 1999). In particulat, the results of 
WCtxlrilG et al (19!39) indicate that other factors, i.e. 
nuttirat density of backlBotmd dier could a&x the fluc- 
tuations of serum carorcnoid concentrations nther than the 
dose of plant sranol of plant anal. 

The ditinees benvcen our findings and rhc findings of 
Gyllittg er 01(1996), Weststtate & Mcija (1998) and Hm- 
&ii er ul (1999) might be due to the differenccz iti 
composition of background diets dntiag rho srudii. In our 
study subjects received dctailcd w&en and oral insmxtions 
about the low-fat Ihi&ur&nt density) diets, specifving 
amounts and quality of food by main fixxf groups, incluhing 
vegetables. The background diets in other studies ,wert not 
so closely standardi2cd since onIy rbe consumption . ” 
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vsridon in the intaks oflcarotcnojds. However, nccotding 
to carlicr Studies there is only ;rwepl)t cotrelation between 
lyc~parc intake and serum lycopmc conccnuatioa Kamp- 
bell er rd. 19%; Clinton 1998). 

Atcodhg RI our findings the cfkts of plant SCIDIS on 
scam carotcnaid conccnrrariom wcrc minor and clinicoIly 
non-impownt. but additional studies will be needed to 
determine the lcmptem cffcczs of plant stcrols on serum 
camtenoid profile. At the momen& it seems to be noson- 
able to advise healthy food rich in vegetables for people 
using stano1 wzr margarine to educe elevated scum 
cholcstcrol concenmxions. 
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Spreads enriched with plant sterols, either esterified 4,4=dimethylsterols 
or free 4=desmethylsterols, and plasma total- and LDL-cholesterol 

concentrations 

Aafje Sierksma, Jan A. Weststraw* and Gert VI. Meijer 
U&ever Nurririon Centre, Unilever Research Vlaardingcn, Olivier van Noorrlaan 120, 3133 AT Vlaardirzgen, 

The Netherlands 

lReceived 11 Jwu 1998 - Revised 19 April 1999 - Accepwd S May 1999) 

In a g-week study seventy-six healthy adult volunteers with an average age of M (SD 11) years, 
with banetine plasma lofal cholesterol levels helrtw 8 mmol/l, received in a balanced, double- 
blind, crossover design, a total of three different table spreads for personal use. Two spreads were 
fonified elrher with frtc (non-esterifiecl) vegetable-oil sterols, mainly from soyabean oil (31 g 
srerol equivalents/kg; 008 g/d) or shtanul-oil stemls (133 g sterol equivalents/kg; 383 g/d). One 
spread wu not fortified (control). Average inlake of spread was 25 &for 3 weeks. None of 
the spreads induced changes in blood clinical chemisay or haematology. Plasma total- and 
LDL-cholasrerol concentrations were statistically significantly reduced by 3.8 % and 6 56 (both 
0~19mmoM) nqttctivcly, for tie spread enriched with free soy&an-oil sterols compared with 
rhe control spread, The spread enriched with sheanut-ail stetols did not lower plasma total- 
and LDL-cholesterol Icvrls. None of the plant-sterol-enriched spreads affected plasma 
JiDL~cholesterol concenvations. Plasma-lipid-srandardizcd concentrations of IY, plus @-carotene 
were not stariacicnlly significantly ~ffecced by the soyabean-oil stem1 spread in contrast to lipid- 
standardized plasma lycopene levels which showed a statistically significant decrease (905 %). 
These finding6 indicate that a daily ink&e of free soyabean-oil sterols as low as 0.8 g added to a 
spread is effective in lowering blood total- and LDL-cholesterol levels with limited effects on 
blood carotenoid levels. The lowering in total- and LDL-cholcstorol blood levels due to 
consumption of the vcgrtable-oil-sterol-cnrichcd spread may be helpful in reducing the risk of 
Cm for rhe population. 

Plant sterok Lipids: Camtenoidr 

The major manifestation of cardiovascular disease is CHD, 
which remains the leading cause of death in the developed 
world. Atherosclerosis, which damages the coronary 
arteries, is the primcuy disease mechanism of CHD 
(Reitgma. 1995). Hypercholesterolaemia contributes to the 
atharosclerosis and its clinical manifestations such as cora- 
nary anery occlusion and ischaemic myocardial infarction 
(Steinberg & Wiutum, 1990). 

Lowering blood total- and LDL-choleskrol levels has 
been advocated as a method to decrease the incidence of 
CHD (Probstfield % Rifkind, 1991; Cucherat % Boissel, 
1993). The benefits of serum cholesterol concentration 
reduction are related co age: a 10 % reduction in total 
samm cholesterol concentration produces a reduction in 
IHD of 50 I at age 40, 60% at age 50, 30 % at age 60, 

k and 20 % at age 70. The benefit can be reahsed quickly, the 
greater pan after 2 years and the full benefit after 5 years 
(Law er ~1. 1994) Reduction in the blood cholesterol 

,’ 
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concen!ration not only slows the process of atherosclerosis, 
but can also result in regression of atherosclerosis (Levine 
er 01. 1995). 

Dietary modification is the first step in lowering blood 
cholestwol levels, for example, replacing saturated fatty 
acids by unsaturated fatty acids (Mensink % K&an, 1992) 
and increasing the intake of soluble fibres (Ripsin et al. 
1992). In addition to unsaturate’d fatty acids and soluble 
fibres, plant sterols, such as sitosterol, may also reduce 
blood cholesterol levels (P&k & Kritchevsky, 1981). 
Sitoscerol at intakes of 3-2Og/d reduces blood cholesterol 
levels by 5- 15 W in human studies without major side- 
effects (Farquhar & Sokolow, 1958; Oster er al. 1976; Lees 
et al. 1977; Schwartzkopff & Jan&e, 1978). Plant sterols are 
naturally occurring plant compounds. The most important 
dietary sources are vegetable oils and vegetable-oil-baaed 
products such as margarines (Ling &Jones, 1995). The most 
predominant plant sterols are sitosterol, campesterol and 
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stigmasterol, and intake of these is estimated to be about 
250mg/d in non-vegetarians and abour 5001&d for vege- 
tarians (Liog BL Jones. 1995). Plant sterols reduce the 
absorption of cholesterol in the gut possibly by displacing 
cholesterol from the micelles, by limiting the intestinal 
solubility of cholrstero1 or by decreasing the hydrolysis of 
cholesterol esters in the small intestine (Link & Jones, 
1995), Daily consumption of about 3 8 of a mixture of 
vegetable-oil sterol esters, in particular esters of sirosrerol, 
campesretol and stigmascerol, in a commonly used food 
margarine, was recently reported to be effective in lowering 
plasma total- and LDLchclesterol levels in nu~~~ochcl- 
esrerolaemic and mildly hypercholesterolaemie subjects 
(Wssrstnte & Meijer, 1998). There have been very few 
studies published on the effect of doses of plant sterols less 
than 1 dd on plasma cholesterol levels in normochol- 
esterolaemic subjects using commonly consumed foods 
(Pelletier et al. 1995)# . 

The objective of the present study was to compare the 
effects of the consumption of two types of spreads (margar- 
ines) enriched with plant sterole, either sheanut-oil srerol 
(133 8 sterol equivalents/kg), mainly 4.4.dimethylsterols, or 
non-esterified soyabean-oil sterols (31 g stem1 equivalents/ 
kg), mainly Cdesmethylsterols, in healthy volunteers on 
plasma total- and LDL-cholesterol levels. Flora, a spread 
not enriched with plant stemls but containing similar 
amounts and types of fatty acids, was used as the control. 
Our previous study (Weststrate & Meijer, 1998) had shown 
a substantial plasma total- and LDL-cholesterol-lowering 
action of a spread enriched with este-rified vegetable-oil 
stemls, mainly derived from soyabean oil (110 g sterol 
equivalents/kg). Non-esterified soyabean-oil sterols might 
be somewhat more effective in lowering plasma coral- 
and LDL-cholesterol levels compared with esterified eoya- 
bean-oil srerols. as scerols need to be in an unesterified or 
free state to inhibit cholesterol absorption (Peterson et al. 
1953; Swell et al. 1956; Best & DUncan, 1958). However, 
volubility of free plant stemls in spread is limited to 
approximately 30&g. In oar previous study a sheanut- 
oil-sterol-enriched spread (101.5 g stem1 equivalents/kg) 
was not effective in lowering blood cholesterol levels 
(Weststrate % Meijer, 1998). A different fatty acid com- 
position of this spread compared with the control product 
(less linoleic fatty acid a@ more oleic fatty acid) could have 
contributed to tis result. In tha present study, in contrast to 
our previpus study, the fatty acid composition of the 

sheanut-oil-sterol-enriched spread was similar to the control 
spread, Blood chemisky and haematology were performed 
EO assess possible adverse effects of spread consumption. 
Plasma a- plus p-carotene and, lycopene levels were 
assessed only for the spreads which gave a statistically 
significant reduction in plasma total- and LDLcholesterol 
concentrations, as we found in our previous study (WCS- 
stratc & Meijer, 1998) a reduction of between 15 and 19 46 
in plasma lipid-standardized levels of these lipophilic diet- 
ary compounds afier intake of spreads enriched with planr 
sterols. 

Subjects and methods 
Subjects 

Volunteers were recruited by advertisement from inhabitants 
of Vlaardingan (The Netherlands) and its surroundings, and 
from employees of Unilever Research Vlaardjngen, with the 
exception of employees of the Unilever Nutrition Centre. 
Subjects’ characteristics are shown in Table 1. They ranged 
in age from 18 to 62 years and their BMI at the star of the 
study were between 19,2 and 29.6 kg/ml. Alcohol drinking 
was below 21 units/week for females and below 28 units/ 
week for males. Volunteers had less than IOh/week of 
intense sxarcise. Their entry plasma total cholesterol 
levels were below 8mmoM and plasma activities of L-Y 
glutamyltransferase (EC 2.3.2.2), alanine aminotransferase 
(EC 2.6.1.2), aspartate aminotransferase (EC L6,l.l) and 
alkaline phosphatase (EC 3.1.3.1) were all within the 
normel ranges. Leucocyte, erythrocyte and platelet count, 
haemoglobin level and packed cell volume were all within 
the normal ranges. The volunteers were nor partjcipating in 
any orher biomedical trial and had not donated blood within 
1 month before the start of the study, Female volunteers 
were non-lactating and not pregnant. The study set-up was 
approved by our local Medical-Ethical Committee and 
written informed consent was obtained from all subjects, 

Study design 

The study had a balanced, double-blind, crossover design 
with a an-in period of 1 week with the control spread SO that 
the volunteers could become accustomed to the use of the 
spreads. Immediately thereafter the experimental period of 
9 weeks staned in which each spread was given in random 

Table I. Descriptive charact@risrics of the volunteers participating in the pianWerol-enriched spread study 
(Mean values and standard deviations) 

Tolal Males Females 
(n 76) (n W in 37) .._ 

Characteristic Memn 5b Mean SD Mean SD 

Age k-1 44 11 45 12 43 11 
Body weight (kg) 752 lOa? 8187 9.6 60.4 7.1 
Body he[gM (ml lm75 049 1 t62 047 1.09 0.05 
13.41 Pdm”, 244 2.4 24.7 2.2 24.0 2.5 
Sporting activitisas (h/week) 2 1 2 1 
Alcoholic beverage consumptttn (unite/week) : 6 6 a 3 : 

S;t’d SS3tldX3 OANI WdPS:TQ TQJ ES Eml 

0: 

KCE 

St 

6% 

6: 

;i: 
P 
S 

‘I 
v 
\ 
( 
t 
C 
1 

1 
L 
I 
I 

I 



Plant sterol intic and blood cholesterol 275 

order for 3 weeks at an intake level of 25 g/d, Subjecis were 
randomly allocated over the six different pexiod xgroup 
sequences. Groups were stratified according to sex, After 
each experimental perjod of 3 weeks, a fasting venous blood 
sample was taken fram an antecubital vein witi rhe subject 
seated in a chair4 Body weight was measured on a digital 
balance (Mertler Instruments AG, Greifensee, Switzerland), 
with the subjects wearing light indoor clothing, without 
shoes and after voiding. 

Experimental spreads 

The test anicles were specially prepared spreads fortified 
with non-esrsrified plant scerols derived from either edible 
vegetable oil (mainly soyabean oil) distillates (Henkel 
Corporation, LaGrange, IL, USA), or a sheanut oil concen- 
trate in which the pitic sterols were esterified, mainly with 
cinnamate (69 %) and acetate (25 %) (Ldders Croklaan, 
Wormerveer, The Netherlands), The distillate or concen- 
trate was used in spread production together with other 
edible oils and fats in order to achieve an acceptable 
product. The final plant sterol concentration was 31 g/kg 
for the soyabean-oil sterol product and 133 g/kg for the 
sheanut-oil sterol product, when expressed as free sterol 
equivalents. Flora (VandenBergh Foods, Furfleet, Surrey, 
UK). a spread not fonified with plant sterols, was used as rbe 
control. Table 2 shows the composition characteristics of 
the spreads. Tubs containing the individual daily amounts of 
spread were labelled with a blind product code, The spreads 
were intended for personal use and meant to replace all or 
part of rhe volunteers’ habitual spread or butter used for 
spreading, but nor to be used for baking or frying. Com- 
pliance was assessed by asking the volunteers about spread 
consumption and by weighing left-overs from the tubs. 

LiJesrylc and distary intab 
The volunteers were instructed zo maintain their normal 
lifestyle and dietary and activity patterns during the entire 

srudy. The dietary intake during each period, i,e. over 21 d, 
was assessed at the end of each period using a validated 
food-frequency questionnaire (Groatenhuis er al, 1995), 
With special emphasis on intakes of total energy, macro; 
nutrients, fatty acids, cholesterol and fibre. This question- 
naire was modified for this study to give more detailed 
information on the intake of specific brands of spreads and 
dietary fats in the habitual diet in order to better evaluate fat 
composition of the habitual diet during each period. The 
answers to the questionnaire were checked for completeness 
by dietitians. Throughout the study volunteers recorded 
illnesses, medicine use, and any important deviations from 
their lifestyle or dietary and activity patterns, 

Measurements 

Blood samples. Fasting venous blood samples were taker; 
on the last day of each period. Plasma total- and HDL- 
cholesterol levels were determined using test kits from 
Boehringer (Mannheim, Germany). Plasma LDL-choles- 
terol level was calculated by the Friedewald formula 
(Friedewald et nl. 1972). Plasma total and free glycerol 
concentrations were analysed using a total glycerol test kit 
(Roche, Basel, Stiitzerland) and a free glycerol test kit 
(Sigma, St Louis, MO, USA). Plasma triacylglyc~rol level 
was calculated as plasma total glycerol level (rnmol/l) 
minus plasma free glycerol level (mtnol/l). In blood, 
activities of L.-y-glutamylaansferse and alkaline phospha. 
tast and levels of bilirubin, crsatinine, albumin and glucose 
were determined using test kits from Boehringer. The 
activities of aspanate aminotransferase and alanine amino- 
transferase and plasma levels of urea were determined using 
test kits from Roche. All determinations were done on a 
Cobas Mira S automated analyser (Roche). Plasma CY- plus 
&carotene and lycopene levels were only assessed in the 
blood samples which were taken after doasumption of the 
soyabean-oil-sterol spread, which caused a statistically 
significant reduction in plasma total- and LDL-cholesteml 
concentrations, and in the blood samples which were taken 

fable 2. Analysed composition of the spreads (per kg product) used In the plant- 
steroknriihod spread study 

Spraad , . . Flora’ Soyansant Sheanlltj 

Tot4 fat (g)Is 710 716 720 
Water k11 290 260 110 .-, 
Fatty acid composltion (9): 

Seluraled tatty acids 160 2 130 
Monounsatumted fairy acids 210 190 
Polyuwaturabd fatty acids 340 350 340 

Free aercls plus aterol esters (g) 3 33 167 
Storol equivalents (9) 3 31 133 
Sterol composltlon (9): 

4-Dermethylrlerols 3085 4-6 
4~Monoma!hylatefols ;:‘3 04 l-2 
4,4-Dlmethyltiorols 0.2 127 

Total vitamin E (mg)a 43f2 460 300 
ft + ,19-Carotens (mg) 486 4.3 4-7 

‘Oon~rul qxwd, not ennched with @ant eterola. 
t Spread enrIched with 31 g soyabean-oil slerdslkg. 
$ Spread enriched with 139 g sheanut-oil srerW@. 
$Towt Irane ietty aald oontent of spreaas was lew than 10 a/kg M, sler~k excluded. 
# lnolude6 a-, t?-, and +acopherd. 
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after consumption of Flora. This was done to assess the 
potential impact of the sterol-containing spread on the 
absorption of lipophilic dietary compounds. The plasma 
carotenoids were separated by HPLC on a Nucleosi] 
5-N(CH& column (Matchery & Nagel, Diiren, Germany) 
using h-heprane as eluent as described previously (West- 
strate & van het Hof, 1995). Plasma carotenoids were 
determined from the absorption at 45Onm. Plasma caroce- 
noid concennstione were stan&dized for plasma lipid 
(total cholesterol and triacylglycerol) levels as previously 
described (Wescstrate & van het Hof, 1995), because the 
sterol-enriched spreads did affect blood lipoprotein (plasma 
carotenoid carriers) concentrations. Haemoglobin concen- 
trations, 1eucocyt.e count, platelet count and calculation of 
the packed cell volume were all performed on a Sysmex 
F-800 blood cell counter (Toa Medical Electronics Co. Ltd, 
Kobe, Japan). Staff conducting the laboratory analyses were 
blind to the group assignments. 

acid esters. Vitamin E was analysed by a straight-phase 
HPLC method, based on international standard operarion 
procedures (American Oil Chemists Society, 1992). 
Carorznoid content was assessed for Flora and the spread 
containing free saysbean-oil stemls, For the carotenoid 
analysis the sample was mixed with diethyl ether. After 
vortex-mixing the extract was dried under N4 and dissolved 
in n-heptane containing the internal standard, ethyl-@-apo- 
8-carotenoare. The analysis was performed by straight- 
phase HPLC using an ET 200/8/4 nucleosil 5-N(CH3)2 
column (Marchely & Nagel) arid n-heptane-isopropanol 
(1000 ; 24, v/v) as mobile phase at a flow rate of 1 mYmin 
and a column temperature of 20”. Carotenoids were detected 
by u-v.-visible detection at 450nm for cr- plus D-carotene 
and at 470 nm for lycopenc. 

Stalistical nnalysis 
Spreads. Directly after production and in each experi- 

mental period the s preads were analysed. Mean values for 
the composition are given in Table 2. During the study the 
stability of the spreads was checked once. The homogeneity 
of the sterols in the spreads was good, CV were generally 
less than 10% (results not shown). For fat analysis the 
sampJc was mixed with c&e, freeze-dried and extracted 
with dichloromethane, Afret evaporation, the residue (fat) 
was weighed, The triacylglycerol content was calculated by 
subtracting the total sterol and/or sterol ester content from 
the total fat content. Fatty acid composition was malysed by 
methanolysis of the fatty acids. The methyl esters were 
extracted with heptanc and analysed by GC (Hewlett 
Packard, Amstelveen, The Netherlands) using a CP-Sil 88 
column (Chrompack, Middelburg, The Netherlands), Ana- 
lysis of sterol types was performed according to previously 
described methods (Grab ef al. 1989; Anho er al. 1993; 
Plank Br Lorbeer, 1993; Gordon & Miller, 1997). The 
spreads were saponified with KOH before extracting the 
unsaponifiable part into cyclohexane. Thin-film chromato- 
graphy (with as TLC-eluenr a mix of toluene with ethyl 
acetare) was used for separating the 4desmethylsterol. the 
4monomethylsterol and the 4,4=dimerhylsterol fractions 
(log ultraphorn water as detection reagent) with 8- 
cholestanol as internal standard. The fractions we.re extracted 
with a mixture of chioroform, diethyl ember and ethanol. After 
silylizing with pyridine and N,ff-bis(trimethylsilyl)b‘iAuo~ 
acetamide this fraction was analyzed by GC (Fisions 
Insttuments, Milan, Italy) using a CP-Sii 19 column 
(Chrompack). Detection was by flame ionization detector 
(&ions Insauments). For determination of the amounts of 
free and estcrified stemls a ponion of the isolated fat phase 
was silylated in order to convert the free sterols into 
trimethylsilyl ether derivatives. After isolation of Lhe free 
sterois and stexyl fatty acid esters from the uiacylglycerol 
matrix by means of dormal-phase HPLC, the free sterols and 
steryl fatty acids were quantified by GC using internal 
standards, Sterol equivalents were calcula@d by multiplying 
the weight percentages of steryl fatty acid esters by a factor 
0.608 (calculated from the average molecular mass Of 
sterols and fatty acids in soyabean oil). The total sterol 
equivalants were obtained .by adding the concentration of 
free sterols and the sterol equivalents from the SterYl fatty 

Differences in plasma variables and dietary intake between 
spread groups were initially evaluated using ANOVA using 
as factors subject, period, spread, carry-over, sex and sex x 
spread. The carry-over effecr was subsequently removed 
from the model aait was not statistically significant. Blood 
lipid and carotenoid data were log normalized before 
analysis. Geometric means are given with 95% CI and 
have been back transformed (Table 4). Differences between 
spread groups were assessed using the Tukey multiple 
comparison test (Miller, 1981). A P value of O-05 was 
considered statistically significant. The Statistical Analysis 
Systems program version 6.12 (1987; SAS Institute Inc., 
Gary, NC, USA) was used for analysis. All the statistical 
significance levels are given two-sided. 

Results 
Thirty-nine men and thirty-seven women completed the 
study. During the study two women dropped out because 
of medicine use and their data were nor used in final analysis. 

Two people missed one period because of diarrhosa and one 
penon did not give a blood aample in one period. 

Compliance 

The mean intakes of Flora, the vegetable-oil-sterol spread 
and the spread enriched with sheanur-oil sterols, estimated 
by weighing the left-over spread in the Nbs after each 
period, were respectively 24.2g/d, 24.8 g/d and 24*4&i 
titb ,cv 1 .l %‘a, 1.9 96 and 4.0 % (WA not shown). The 
mean daily total plant sterol intakes were respectively 
O-08 g, OJ g and 3.2 g. The habitual dietary intake (includ- 
ing the test spread consumption) is given in Table 3. Except 
for the statistically significant but very small difference in 
intake of saturated fatty acids (in % energy) between the 
soyabean-oil-sterol spread and the sheanut-oil-sterol spread, 
no statistically significant differences were observed among 
the groups in dietary intake. The average body weight in 
the group with the spread cqntaining free soyabean oil 
sterols was slightly higher than the average body weight 
in the Flora group (75.5 kg Y. 75a2 kg). However, an analysis 
for males and females separately revealed no statistically 

Lt ‘d SS32ldX3 OANI Wd9S:TQ ‘1@, ET 833 
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Spreed, 8 . Florat Soyabeant Sheanut§ 

Nulrienl MWI 95% Cl Mean 95% Cl M&V-l 9S% Cl 

Energy (kJ/d) 9977 9732,10221 1 ooeo 
Tatal fat 

ea10,70304 10019 
38-3 3788,38-8 

9776,10264 
Saturated fatty acids 38-3 38-8 33~6, 

13,Q 1367, 
Id.2 

Monounsaturated tatty acids 
13.8 14-1 

13-6, 12.0 1236, 13.0 

3&4 ;;:;I 7:; 

t2.3 13.1 Polyunsaturatsd fatty acids 
Protein 159:: 

981, 9.4 12.6, 9.1) 9.4 14.3” 12.3: 12.5 1247 

154, 
r5,9 159:: 

Carbohydrates 15.2, 15.6 
1i.i 9*1,9.4 

159 43.2 42~7, 43-0 1584, 
43*3 

Cholesterol (mgkY) 
42.7,43*8 43.1 246 238,258 426,43*7 

Fibre (Q/d) 
247 238,257 

242 26.0 25.3, 26*6 232,252 
2687 26.0, 27.5 26~3 255, 27-O 

Mean value was signrliaslntlp dltli?reM imm thal far soy&an rpmad: ' PC 0.05. 
tcontrol spread, nor snrlchsd wllh plant sterols. 
f Enriched with 31 g soyabean.oil ~l6mlsikg. 
( Enriched with 133 Q shsanutail s.lerdskg. 

significant differences in average body weight between the 
groups. No imponant deviations from lifestyle, d&y or 
activity pnuem occurred during the study. 

Blood variables 

Table 4 shows the plasma lipid, LY- plus &carotene, and 
lycopene concentrations based on. the J-week sampling 
result. There was no interaction effect between spread 
group and sex, The soyabean-oil-sterol spread lowered 
plasma lotal- und LDL-bholeslerol levels significunliy com- 
pared with Flora without an effect on plasma HDL-choles- 
terol levels. Consequently the ratio LDL : HDL-cholesterol 
was also stahsticelly significantiy reduced. The shranut-oil- 
eterol epread did not statisrically significantly-change blood 
lipid levels compared with Flora. Fig. 1 shows the indivi- 
dual changes in plasma LDL-cholesterol concentrations 
after consumption of the soyabean-oil-sterol spread and 
the- sheanut-oil-sterol spread compared with the control 
spread (Flora). In most subjects the soyabean-ail.sterol 
spread caused a decrease in plasma LDL-cholesterol 

concentrations, however, some subjects showed a small 
increase. Two subjects shawed large increases in plasma 
total- and LDL-cholesterol levels after consumption of the 
soyabean-oil-sterql spread, probably due lo chance. The 
sheanut-oil-scerol spread caused an increase in plasma 
LDL-cholesterol concentraGons in more subjects, Plasma 
triacylglycerol levels were not affected by the spreads, The 
soyabean-oil-scerol spread caused a statistically significant 
reduction in plasma lycopene concentration but not in 
plasma cy- plus P-carotene level. Standardization of the 
plasma lycopene concentration for decreased lipid did 
diminish the lowering effect of soyabean-oil-sterol spread 
on blood lycopsne level, but the effect still remained 
statistically significant. All values of the blood variables 
during the study were within the normal ranges. 

Discurrsion 
This double-blind crossover study in healthy adults showed 
that daily consumption of 25 g of a spread enriched with free 
soyabean-oil srerols (31 g sterol equivalents/kg; 0.8 g/d), 

Table 4. Plasma Ilpid, U- plus P-carotene and lycopene concentrations in volunloars consuming a control spread (Flora) of plant-sterol~enrichsd 
spreads (25 g/d) for 3 we&t 

(Meanvaluee andS%confidence inttwalstorseventy-tive subjects) 

Total cholesterol (TCj immolll) 
LDL-cholesterol (mmoVl) 
HDL-cholesterol (mmobl) 
LDL- ; HDL-cholastemI 
Triacylglyoerol (TAG) (mmoHj 
OL’+~-Carotene (&I) 

23 e---*---,-m T.CI ,..- I---I\ 

Flora Soysbean+ Shean@ 

Mean 95% Cl Mean 95% Cl Mean 95%CI 

5*08 4-98, 5.13 4-67' 4,60,4++ 5.01 444, 508 
3.14 3.07, 3-20 2.95' 2~59,3~01 
1 <es l-26, 1.30 I.30 1.27, I.52 

::;fi 3*01,3.14 
127, g.31 

2-45 2.39, 2.51 2.28' 2.23, 2-33 2.3911 2w,2*44 

2i? 
1.15, 12!5 1*14 1.09, t-20 1020 lt?S, 1.25 
219,234 217 210,224 ND 

130 122,130 113' 106,120 ND 
e.5 * 04 P "C I3 OL.7 m.7 m&r) km 
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Individual subjects 

_. 
icig. 1, Changes (%) in the plasma LDLshaleaferol lsuels of individual subjects at& consumption o! 
spreads enrichad with eoyabean.oil sterols or sheanti-oil eterols (25 g/d for 3 weeks) compared with a 
conlroi spread (Flora). For de&II6 ot spreads and procedures, see Table 2 and pp, 274-2!6. 

lowered plasma corel- and LDL-c@lesterol co~ce~trarkms 
respectively by 34 % and 6 B (bath 0.19 mmol/l) comptiid 

limiting -factor, at this level of plant sterol intake, in 
determining the efficacy of plant sterols to lower blood 

with a spread with similar fatty acid content not enriched 
with these sremls. No effect on plasma HDL-cholesterol or 
tiacylglycerol concentrations was found, A similar study 
with somewhat younger subjects showed reductions in 
plasma total- and LDL-cholesterol concentrations of respec- 
lively 4-9 $6 (0.26mmol/l) and 6~7 96 (O-20 mmolA) after 
consumption of a spread enriched with esterified soyabean 
sterols ar a similar intake ieval of O.Sg/d (Hendriics err al. 
1999). This indicates that, as sterols need to be in a free state 
to inhibit cholesterol absorption (Petersan et al. 1953; Swetl 
a al, 1956; Best $ Duucan, 1958), intestinal hydrolysis of - _ . --A - --L- 

cholesterol levels. Esterification of scerols is necessary to 
increase the solubility of srerols in fat (Jandacek et al, 
1977). In our previous study (Weststrate & Mtijer, 1998) 
a four-fold higher intake of estcrified, soyabean-oil etelols 
(3,3g/d) caused a two-fold higher reduction in plasma 
total- and LDL-cholesterol concentrations compared with 
this study, respectively 883 % (0~43mmoM) and 13 % 
(044mmol/l). This indicates that there is a non-linelrr 
relationship between plant sterol intake and blood choles- 
terol level reduction, which has also been found by orher 
investigators (Lees er ~1. 1977). 

* - :- --I- --G~w Andy Nilearrtratr. & Meiier. 1938) the I 
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4-Desmathylstsrols 4,4-Dimethylsterols 

Ljz5FcLl OH 

& p.Sirosterol 
OU 

OH \ & Stigmesterol OH 

Fig. 2. Structure of 4.dasmethylstwols and 4,4-dimsthylsterols. 

sheanut-oikerol spread was not effective in lowering 
blood cholesterol. h the current study, differences in fatty 
acid composition kween conaol and sheanut-oil-stem1 
spreads did not confound the outcome 88 they may have 
done in our previous smdy (Wesesnate & Meijer, 1998). 
The sheanut-oil sterols are primarily phenolic acid esters of 
4,4-dimethylsterols, whereas the soyabean-oil product con- 
rained 4-desmerhylsterols, The structure of Cdesmethyl- 
sterols is more similar to cholesterol than the structure of 
4,4-dimethylsterols (Fig. 2). This may offer more opportu- 
nity for compericion with cholesterol for incorporation in 
mixed micelles, the most likely mechanism for the blood. 
cholesterol-lowering action of sterols (I.ing & Jones, 1995). 
This study indicates drat sheanut-oil sterols will not be 
efficacious in lowerkg plasma cholesterol levels. The present 
study was not a strictly controlled feeding trial and changes 
in consumers behaviour may have affected the outcome. 
However, the study was double-blinded and compliance 
with the instructions to consume the spreads appeared to be 
excellent, Moreover nutrient and energy intakes, including 
those of fatty acids, cholesterol and fibre-as well as body 
weights were very similar for the different spread groups. 
We believe, therefore, that the results of this trial are valid, 
Spread consumption was very close to tie recommended 
use level of 25 g/d. Only two people (2.6 96) dropped out, 
both for reasons not related to consumption of the spread. 
The number of volunteers consuming a given spread was 
similar for all products (seventy-five), The habitual dietary 
intake of fatty acids, fibre and cholesterol, which may 
affect blood lipid levels, was not statistically significantly 
different between the spread groups, except for a small and 
irrelevant difference in energy percentage of saturated 
fatty acids between the soyabean-oil-stem1 spread and the 
sheanut-oil-sterol spread (< 1% energy), 

In two earlier studies ester&d plant sterols BI an intake 
level of approximately 3 g/d reduced plasma lipid stander- 
d&d concentrations of CT- plus B-carotene approti- 
mately 15-20 % and of lycopene approximately IO-15 % 
(Westsuate & McijG, 1998; Hendriks er al, 1999), whereas 
no reduction was observed for plasma-lipid-srandhd 
vitamin E. Gylling er al. (1996) also showed an effect at 8 
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similar intie level of sitostanol ester on plasma cy- and & 
carotene levels, The t.hree.fold lower level of non-esterified 
plant sterols used in the present study did not lead to 
reduction of plasina lipid-standtidized concentrations of 
PI- plus B-carotene. However, the lipid standardized 
plasma lycopene levels were sracistically significantly 
reduced by 9#5 %, This reduction was nor statistically 
significant at a similar intake level of escexified plant sterols 
(Hendriks et 01. 1999). However, in the latter study a small 
significant effect on plasma cy- and &carotene was found. 
Thus, lipid-standardized plasma carotenoid levels are not or 
slightly affected by esterified or non-esterified plant sterols 
intakes of up to 1 g/d. 

The clinical importance of a lowering of plasma Sevels 
of carotenoids is difficult to ascertain. Carotenoids may 
have positive effects on health as indicated primarily by . 
epidemiological studies (Mayne, 1996). The role of carote- 
noids, other than their provitamin A activity, is however, not 
established with reasonable cerrainty, It is currently not 
possible to determine s minimum plasma carotenoid levei, 
for carotenoids as a group or for individual carotenoids, 
below which it is conclusively established that health risks 
or benefits would change, neither is it possible to set limits 
for reductions in plasma carorenoid levels, -either for car- 
otenoids as a group or for individual carotenoids. It seems, 
however, prudent to aim, if at all possible, for small or 
negligible long-term reductions of blood carotenoid levels 
in consumers of sterol-enriched products. Giovannucci et al. 
(1995) showed that the relative risk for prostate cancer was 
about 20 % lower in men cbnsuming felatively hi& 
amounts of lycopene compared with those with lower 
intakes. The mean difference in,inta+ between the high 
and low quintile was about 9 mg/d. There is no information 
on the dose-response relationship between increased diet- 
ary lycapene intakes and changes in plasma lycopene 1cvelS. 
A study by Yeum CI OZ. (1996) indicares rhat a controlled ’ 
diet containing 3.3 mg lycopeneld increased plas~18 lp- 
pene levels in US men and women compared witi baseline 
by sbour 60%. No baseline lyoopene intake data were, 
however, given. Baseline lycopene intake in US man a& 
women may be estimated to be about 2 mgld (Nebeling et OZ. 



280 A, Sierksma e! al. 

1997). This suggests that a difference of more than 1 mgld 
‘lycopene inrake will correspond co a difference of plasma 
lycopene levels of about 60%. In the present study we 
observed a reduction of 13% in unstandarditi plasma 
lycopene levels. We hypothesize that this difference ia 
plasma lycopne levels may be expected to correspond to 
E difference in dietary lycopene intake of about 082mg/d, 
The study of Giovanucci et al. (1995) showed that a 
difference in intake of about 9mg/Iycopene/d was BSSO~ 
ciated with a change in relative risk for prostate cancer of 
about 20 %, or about a 2 % change in relative risk per 1 mgld 
change in dietary lycopene intake. Even when we assume 
that the results of this study indicate a causal relationship 
berween reduced lycopene intake and increased risk of 
prostate cancer (which is not proven) tie decrease in 
plasma lycopene levels observed in our present study 
translates to a rqligible change in relative risk for prostate 
cancer. . 

Because of tte within-person variations in plasma total- 
and LDL-cholesterol levels, which are up to about 10% 
(analytical variation excluded) (Smith er al, 1993), not al1 
individuals showed a reduction in plasma total- and LDL- 
cholesterol concentrations after tionsumption of the spread 
enriched with free soyabeanhoil stemls (which caused aver- 
age reductions in plasma total- and LDL-cholesterol leveis 
of respecrively 3.8 % and 6 %, smaller than the within. 
person variations for plasma total- and LDL-cholesterol 
levels). These increases in plasma total- and LDLcholes- 
terol concentrations are thus related co chance. 1P more 
measurements had been done per individual co establish 
his or her ‘wu’ blood lipid levels, the chance of observing 
increases would be minimal and more accurate individual 
values of plasma LOUI- and LDL-cholesceml concentrations 
would have been obtained, Flanr eterols have been part of 
the human diet for a very long time and for vegetaxians, for 
example, plant sterol intake cnn be substantial, e.g. 500 mg/d 
(Ling & Jones, 1995), which is in contrast to the intake of 
plant stanols. The introduction of plant-sterol-enriched 
produc$ would Jn itself not introduce new compounds 
into the diet: it might, however, cause an increase in the 
exposure to plant sterols in consumers of such products. The 
possible health risks associated with such an introduction 
need to be carefully rssesssd. Current evidence indicates 
thar plant sterols are unlikely to raise severe concerns 
regarding possible human health risks. Many human studies 
with dose levels up to 25 g/plant sterols/d far up to several 
months have been performed without adverse effects 
(reviewed by Pollak & Krirscbevsky, 1981). The only 
undesirable effect observed have been occasional gastro- 
intestinal disturbances, e,g. constipation (Lees et al. 1977; 
Kane % MaJloy, 1982) and diarrhoea, which are more 
related to the vehicle (large volumes of vegetable oils) 
used to administer the plant rterols. The only reported 
advarse effects of’plant sterols have been in inciividpals 
with phytosterolaemia. Phytosrerolaemia is a vary rare 
inherited lipid storage disease, affecting a few individuals 
pet milllon, in which a high proportion of plant sterols is 
absorbed from the intestine (Salen et al, 1992), The condi- 
tion has a high risk of premature atherosclerosis. Individuals 
with tis condition should avoid rhe c~nsmpti~n of plant 
sterols. However, for the general population this increased 

absorption of planr sterols does not occuc, rather the planr 
stetols are poorly absorbed and, if absorbed, rapidly cleared 
(Line & Jones, 1995). This is well illustrated by tbc results 
of a previous study from our group where an intake of about 
3.3 gid of ester&d vegetable oil plant sremls from a spread 
v. 811 intake of about 100 mg/d of plant sterols from a control 
spread raised plasma levels of sitosterol from 3-3rngll to 
496 mg/l and of campesterol from 7 mg/I to 12-l mg/l (West- 
strate & Mzijer, 1998). Thus, in spite of significant increases 
in plant sterol inrake i.e. of more than a factor of 30, the 
increase in plant sterol plasma levels was less than a factor 
of 2, We have, in addition to the present study, performed a 
number of studies with high dose levels of plant sterols 
addressing specific toxicological and physiological issues, 
These studits have not. shown evidence of oesrrogenic, roxic 
or adverse effects of plant sterols OD bile acid and neutral 
sterol excretion or the gut microflora (Ayesh et al. 1999; 
Baker et al. 1999; Hepburn do al. 1999: Westsnate ret al, 
1999). 

We estimate, based on a meta-analysis by Law et al. 
(1994) that the observed reductions in total and LDL 
cholesterol concentrations for the soyabean-oil stcrol 
spread could help in reducing CHD risk by about 15 % at 
age 40 and 6 % abage 70. According to a study of Stampfer 
II ul. (199 1) the predicted reduction in risx for CHD would 
be about IO %. 

We condlude that this study shows that consumption of a 
spread enriched with a low cuncentration of soyabean-oil 
srerols in unesterified foon is effective in reducing mean 
toral- and HDL-cholesterol levels in free-living subjects by 
about 4 and 6 % respectively, These decreases are similar to 
what may be expected from free-living subjects adbering to 
prudent dieu (Tang er ~1. 1998). We have also shown that 
these decreases occur with limited affects on plasma levels 
of carotenoids. It would be of public health importance if 
part of the faL or water in edible fat-containing products. 
could be replaced by plant scerols, This would be predicted 
to help in reducing the risk of cardiovascular disease in the 
population. 
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Plant sterol-enriched margarines and reduction of plasma total- 
and LDL-cholesterol concentrations in normocholesterolaemic 
and mildly hypercholesterolaemic subjects 

JA West&ate and GW Meijer 

Unilever Nurrition Cenfre, Unilever Research Lahorakvium, Olivier van Noonloon 120. 3130 AT Vloardingen. The NefherlandF 

Objectives: To compare effects on plasma total-, LDL-, and HDL-cholesterol concentrations of margarines 
enriched with different vegetable oil sterols or sitostanol-ester. 
Design: A randomized double-blind placebo-conuolled balanced incomplete Latin square design with five 
treatments and four periods of 3.5 weeks. Margties enriched with sterols from soybean. sheanut or ricebran 
oil or with sitostanol-ester were compared to a non-enriched control margarine. Stem1 intake was between 
1.5-3.3 g/d Two thirds of tbe soybean oil sterols were esterified to fatry acids. 
Setting: Unilever Research Laboratory, Vlaardingea, The Netherlands. 
Subjects: One hundred healthy non-obese norrnocbolesterolaemic and mildly hypercholesterolaemic volunteers 
aged 45 f 12.8 y, with plasma total cholesterol levels below 8 mmol/L at entry. 
Main outcome measures: Plasma lipid carotenoid and sterol concentrations, blood clinical chemistry and 
haematology, farty acid composition of plasma cholestetylesters and food intake. 
Results: Ninety-five volunteers completed the study. None of tbe margsrines induced adverse changes in blood 
clinical chemistry, semen total bile acids or haematoiogy. Plasma total- and LDL-cholesterol concentrations were 
significantly reduced by g-13% (0.37-0.44 mmol/L) compared to conuol for margarines enriched in soybean 
oil sterol-esters or sitostanol-ester. No effect on HDL-cholesterol concentrations occurred. The LDL- to HDL- 
cholesterol ratio was reduced by 0.37 and 0.33 units for these margties, respectively. Effects on blood lipids 
did not diier between normochoiestemlaemic and mildly bypercholesterolaemic subjects. Plasma sitosteml and 
campesterol levels were significantly higher for tbe soybean oil sterol margarine and significantly lower for the 
sitostanol-ester margarine compared to control. Dietary intake was very similar across treaunents. Tbe fatty acid 
composition of plasma cholestexylesters confirmed the good compliance to the treatment. All sterol enriched 
margarines reduced lipid-standardized plasma z- plus p-carotene levels. Plasma lycopene levels were also 
reduced but this effect was not significant for all pmducts. 
Conclusions: A margarine with sterol-esters tim soybean oil, mainly esters from sitosterol, campesteml and 
stigmasteml, is as effective as a margarine with sitostanolester in lowering blood total- and LDL-cholesteml 
levels witbout affecting HDL-cholesteml concentrations. Incorporation in edible fat containing products of such 
substances mav substantiaUy reduce the risk of cardiovascular disease in the population. 
Sponsorship: &ilever R&arch. 

Introduction 

It is well established that linoleic acid lowers blood 
cholesterol concentrations compared to other more 
saturated types of fatty acids or carbohydrates (Keys et 
01, 1965; Mensink & Wan, 1992). In addition to linoleic 
acid, other fat-soluble compounds may also lower blood 
cholesterol levels. Since the 1950s it has been known that 
plant sterols, or phytosterols, may reduce blood cholesterol 
levels (Pollak & Kritchevsky, 1981). Plant stemls arc 
naturally occurring plant compounds. The most important 
dietary sources are vegetable oils and vegetable oil- 
baaed products such as margatines. The most predominant 
plant stemls are sitosterol, campesterol and stigmasteml. 
Their intake is estimated to bc under 500 mg/d. Plant 
sterols have structural similarity to cholesterol, but are 
not synthesized by the human body. The exact mechanism 
for cholesterol lowering by plant sterols is not fully 
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understood. but they appear to inhibit the uptake of 
dietary and biliaty cholesterol from the gut (Ling & 
Jones, 1995). 

Recently Miettinen et al reported that long term con- 
sumption of a margarine with sitostanol-ester, derived by 
hydrogenation of sitosterol from pine tree woodpulp fol- 
lowed by esterification of sitostanol to fatty acids, substan- 
tially reduced serum LDL-eholesteml concentraatiom in 
mildly hypercholesterolaemic subjects (Miettinen et ~1, 
1995). A much shorter trial in humans also showed efficacy 
of sitosranol-ester to lower blood cholesterol levels (Hei- 
nemann ef al, 1986). Miettinen ef al suggested that sub- 
stitution of sitostanol-ester margarine for a portion Of 
normal dietary fat is suitable as a strategy to reduce 
plasma cholesterol levels in the population. 

In nature plant sterols occur primarily in the tmhydm- 
genated free form, which may in part be estetified to fatty 
acids, sugar moieties or phenolic acids. Sterols with dif- 
ferent chemical structures may vary in pote_ntial to reduce 
plasma cholesterol levels. The pvse of the present study 
was to assess in notmocholesterolaemic and mildly 



hypercholesterolaemic subjects the efficacy to lower 
plasma total- and LDL-cholesterol concentmtions of mar- 
garines enriched with sterols derived from various oils, 
namely soybean oil, ricebran oil or sheanut oil. We com- 
pared these margarines to a non-enriched margarine and a 
margarine fortified with sitostanol-ester, which has reported 
cholesterol lowering action (Miettinen er al, 1995). Soy- 
bean oil contains sterols of the 4-desmethylsterol class, 
namely mainly sitosterol, campesterol and stigmasterol. 
These sterols were esterifred to fatty acids from sunflower- 
seed oil to enhance their solubility in margarine, but they 
were not hydrogenated as the sterols present in the mar- 
garine used by Miettinen ef al, 1995. The esteri6cation of 
the free sterols enabled us to incorporate relatively large 
amounts of sterols into the margarine without affecting its 
physical and sensory properties. Ricebran oil and sheanut 
oil contain methylated sterols of 4,4’-dimethylsterol class, 
which may be in the free form or estetied to phenolic 
acids or fatty acids. A number of studies have suggested 
that the reported cholesterol lowering action of ricebran oil 
could be due to its sterol content (Seetharamaiah & 
Chandrasekhara, 1989). A study comparing the efficacy 
in humans of sterols derived from sheanut oil or ricebran oil 
added to margarines to lower blood cholesterol levels has 
not yet been performed. 

We assessed the effects of margarine consumption on 
plasma lipids, routine blood chemistry and haematology, 
plasma r- plus /?-carotene and lycopene levels to determine 
effects of sterols on the absorption of lipophilic nutrients, 
plasma phytosterol levels to obtain information on the 
bioavailability of the sterols, on the fatty acid composition 
of plasma cholestetylesters to validate the dietary intake 
assessment method and on habitual energy, total fat, fatty 
acid and cholesterol intake. 

Subjects and methods 

Subjects 
We recruited the volunteers by advertisements in local 
newspapers and the weekly periodical of the laboratory. 
A total of 208 subjects expressed their interest in the study. 
A total of 141 volunteers met our eligibility criteria for a 
blood screening Eligible subjects had not donated blood 
within one month prior to start of the study, reported to use 
spreads habitually, were willing to comply with the experi- 
mental procedures, did not or would not participate in 
another biomedical trial, were between 18 and 65 y of 
age, had body mass index between 19 and 30 kg/m2, 
reported to be not on a slimming, medically prescribed, 
vegetarian or vegan diet, reported not to receive medical 
treatment or having a current disease or history of meta- 
bolic diseases, chronic gastrointestinal disorder, cardio- 
vascular disease, high blood pressure or high blood 
cholesterol. Eligible subjects reported not to use medicines 
except analgesics or oral contraceptives. Eligible subjects 
reported intense exercise below 10 h/week and consump- 
tion of alcoholic beverages below 21 units/week when 
female and below 28 units/week when male. Females were 
in a reported non-pregnant or non-lactating state. Blood 
was sampled from 136 potential volunteers. Five subjects 
were excluded on the basis of blood lipid or haematological 
variable. For practical reasons 100 volunteers was the 
maximum for this study, we therefore excluded another 
thirty-one volunteers by lot. Volunteers had at entry plasma 
total cholesterol levels below 8 mmol/L and normal 
plasma activities of L-y-glutamyltransferase, alanine amino- 

transferase and asuartate aminotransferase. White blood 
cell, red blood cell and platelet counts, haemoglobi con- 
centration and haernatocrit were all within the normal 
range. Reported bowel frequency was at least once per 
48 h. All volunteers gave their written informed consent for 
participation prior to the start of the study. Volunteers 
received 250 DFl after completion of the trial. 
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The volunteers were requested to retain their normal 
lifestyle and dietary pattern. During the whole study the 
volunteers answered repeatedly (12 times) a structured 
questionnaire on important deviations in lifestyle as well 
as on intercurrent illnesses and medicine use. After each 
period the questionnaire was collected and checked for 
completeness by the dietitians. Volunteers were not 
allowed to donate biood except for the study and simul- 
taneous participation in another biomedical hial was pro- 
hibited. 

Experimental design 
The study had a randomized double-blind placebo-con- 
trolled balanced incomplete Latin square design with five 
treatments and four periods. Subjects received in four 
consecutive periods of 24 or 25 d (3.5 weeks) 30 g/d of 
a margarine in a coded tub for consumption at lunch and 
dinner. The spread was meant to replace the spreads 
habitually used by the volunteers. Five types of margarines 
were investigated. The statistician allocated each person to 
one of the treatments for each period such that the design 
was balanced. The tubs with marearine were labelled 
before the start of the trial with l blind code so that 
volunteers nor dietitians knew what products were con- 
SUltld. 

Fasting blood was sampled after 2.5 and 3.5 weeks. 
Body weight was measured after 3.5 weeks. In each period, 
dietary intake was assessed with a food frequency method. 
Compliance and health status, medicine use and deviations 
from the normal lifestyle were registered by questionnaire. 
A short run-in period of 5 d in which the volunteers 
familiarized themselves with the procedures preceded the 
actual trial. The study was designed to have a power of 
90% with a confidence of 95% to assess differences in total 
cholesterol levels between treatments of 3-5%, based on 
an expected average plasma total cholesterol concentration 
of 5 mmol/L and an expected within-person variation in 
plasma total cholesterol level of 0.35 mmol/L (Personal 
communication, P Zock, 1996, Wageningen Agricultural 
University). The study set-up was approved by the Medical 
and Ethical Committee of Unilever Nederland BV. 

Te.st and control margarines 
The test margarines were specially prepared spreads (Van- 
denBergh Foods, Purfleet, UK, and Unilever Research 
Laboratory, Vlaardingen, The Netherlands), packed in 
blinded tubs and labelled with a colour code for each 
period of 3.5 weeks. The margarines were fortified with 
phytosterol (-ester) concentrates derived From either pm- 
dominantly soybean oil distillates (Henkel Corporation, 
LaGrange, USA), rice bran oil (Tsuno, Wakayama, 
Japan) or sheanut oil (Loders Croklaan, Wormerveer, The 
Netherlands) concentrates. The soybean oil sterols were 
esterified with fatty acids from sunflowerseed oil to an 
esterification degree of 65% (Unilever Research Labora- 
tory, Vlaardingen, The Netherlands). The ricebran oil 
stemis contained only sterols esterified to femlic acid 
(orytinol). The sheanut oil sterols were a mixture of sterols 
esterified to primarily cinnamic acid (69%), acetic acid 
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(25%) and fatty acids (4%). The sterol concentrates were 
refined and used in spread production together with other 
edible oils and fats (sunflowerseed oil, rapeseed oil and 
hardstock) in order to achieve a product as close as possible 
in fatty acid composition as the nonfortified control. Final 
free phytosterol concentration was between 5.5-l 1% in the 
different products. For technical reasons we could not 
increase the level of sterols derived Tom ricebran oil to 
the level obtained for the shea and soybean products. We 
were also not able to match the fatty acid composition of 
the sheanut sterol spread exactly to the control spread as the 
sheanut oil sterol concentrate was not available in a 
sufficiently high concentration. As control articles we 
used ‘Benecol’ (Raisio IX, Finland), which is fortified 
mainly with sitostanol-ester, and ‘Flora’ (VandenBergh 
Foods, Crawley, UK), a spread not fortified with sterols. 
Total fat content, fatty acid composition, free sterols, 
carotenoids and tocopherol content of margarines were 
measured. For determination of the fat content samples of 
margarine were mixed with celite, cooled to - 20°C and 

0 
freeze-dried at 10°C. Fat was extracted with dichloro- 
methane, after evaporation, the lefiover was weighed. 
The triglyceride content was calculated by subtracting the 
total sterol/sterolester content from the total fat content. 
The fatty acid composition was analysed by methanolysis 
of the fatty acids in a sample of margarine extracted with a 
methanolic NaOH solution using BF3 as catalyst. The 
methyl esters were extracted with heptane and analysed 
with a gaschromatograph (Hewlett Packard, Amstelveen, 
The Netherlands) using a CP-SiI 88 column (Chrompack, 
Middelburg, The Netherlands). Analysis of sterol types was 
done by saponifying the margarine with KOH and extract- 
ing the unsaponifiable part into cyclohexane. Thin-film 
chromatography was used for separating the 4-desmethyl- 

Table I Analysed composition of spreads used in the stem1 enriched margarine study 

sterol, the 4-monomethylsterol and the 4,4&nethylsterol 
fractions with /T-cholestane as internal standard. The frac- 
tions were extracted with a mix of chloroform, diethylether 
and ethanol. After silylizing with pyridine and BSTFA 
(N,O-bis(trimethylsilyl)ttiBuoroacetamide) this fraction 
was analysed gaschromatographically (Fisions Instruments, 
Milan, Italy) by means of a non-polar capillary column 
(CP-Sil 19 CB, Chrompack, Middelburg, The Netherlands) 
using flame ionisation as detection. z-Tocopherol was 
anaiysed by a straight-phase HPLC method. The sample 
of margarine was separated chromatographically (Separa- 
tions, HI Ambacht, The Netherlands) on a HPLC silica 
column. Elution was carried out with 0.5% isopropyl 
alcohol in hexane at a flow rate of 1 ml/min. r-Tocopherol 
was detected by means of fluorescence detection, excitation 
wavelength at 290 nm and emission wavelength at 330 nm 
(Hewlett Packard, Amsteiveen, The Netherlands). For the 
carotenoid analysis a sample of margarine of about 100 mg 
was dissolved in 5 ml diethylether. One gram of waterf?ee 
sodiumcarbonate was added before vortexing. The mixture 
was centrifuged for 5 min at 2000 ‘pm. The extract was 
dried under nitrogen and dissolved in 1 ml of n-heptane 
containing the internal standard, ethyl-/?-apo-S-carotenoate. 
The analysis was performed with an ET 200/S/4 nucleosil 
S-N(CH& column (Marchery & Sagel, Dueren, Germany). 
N-heptane was used as mobile phase at a flow rate of 
0.5 ml/min and a column temperature of 15°C. Caroten- 
aids were detected at 450 nm. 

The homogeneity of sterols and their content in the 
margarines was analysed prior to the stari by analysing and 
comparing samples taken at three different times during the 
spread production process. Coefficients of variation in the 
content of the major sterols for these samples were gen- 
e&y less than 5%. This indicates a good homogeneity of 

Total fat as glycerides (g/l00 g) 
Water (g/100 g) 

Major fatty acidsC (g/lo0 g) 
Laurie (C I2:O) 
Myrirtic (C 14:O) 
Wmitic (Cl6:O) . 
Stearic (Cl8:O) 
Oleic (C18:I cir) 
Linoleic (CI8:2. 9~. 12~) 
Liiolenic (Cl&3 9c, i2c. I5c) 

NOd Benecdb Soyhun Ricehran Sheanut 
70 72 73 72 71 
30 19 16 22 21 

1.6 2.2 I.2 I.1 2.1 
0.7 1.1 0.6 0.5 0.9 
9.3 14.2 R.7 8.2 10.9 
2.7 2.3 3.0 3.0 15.4 

20.2 39.2 24.6 24.7 32.3 
32.1 13.4 3x.4 37.2 17.8 

I.5 5.5 I.8 1.6 0.3 

Total sterols (g/ IO0 g) 
Major steroln (g/lo0 g) 

Brasnicasterol 
Campesterol 
Campeslanol 
Stigmas1erol 
Sitosterol 
Sitostanol 
Cycloanenol 
24 meti. cyclotienol 
beta-amyrin 
butyrospermol 
alpha-amyrin 
lupeol 
olher shea sterols 

Vitamin E (mg/lOO g) 

0.36 9.12 Iax2 5.58 IO.15 

0.01 
0.06 

0 
0.0 I 

0.0 I 
0.16 

0 
0.20 
0.90 
0 
0.38 
7.45 

0.01 

0 
0 
0 
0 
n 
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0 0 
2.70 0.78 
n.13 0.07 
I.R9 0.07 
5.03 0.50 
n.17 0.3i 
0 02 1.57 
0.01 2.07 
0 0 
n 0 
0 n 
a n 
n n 

0.01 
0.05 
0.14 
0 
0 
0.58 
I.81 
3.25 
1.52 
2.3 I 

6X I5 36 
‘L- + /kar~tene (mgllnn g) 0.47 0.4R 0.53 0.44 0.70 

’ Control: not enriched in stemIs. 
h Containtng ritoanol-ester. 
’ Total tram fatly acid c~ntcnt of sprcadr was less than I g/ IO0 g. 
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Plasma sterolesters were saponified with alkali and then 
extracted with n-heptane, 5-zrholestane was added as 
internal standard. The extract was dried and the residue 
was silylated for analysis with gas chromatography. The 
analysis was performed in a random half of the samples for 
individuals that had consumed Flora, the soybean oil sterol 
margarine and the sitostanol-esler margarine (n =29). 

Fatty acids from plasma cholesterylesters were analysed 
in plasma obtained during the tirst seven weeks of the trial, 
namely in 50% of all samples. Lipid was extracted from 
plasma into dichloromethane (Sundler R et al, 1974). After 
removing the dichloromethane the mixture was dissolved 
into hexane:diethylet.her. The mixture was applied on a 
prepared silicacartridge and eluted with n-heptane:diethyl- 
ether. Fatty acids were transesterified using methanol and 
acetyl chloride before gas chromatography. 

Carotenoids were determined only in the 3.5 week blood 
samples after storage at -80°C. Carotenoids were mea- 
sured to assess potential impact of the sterol containing 
spread on the absorption of lipophillic dietary compounds. 
From previous studies we knew that /?-carotene and lyco- 
pene were more sensitive parameters than vitamin E to 
assess the impact of a largely non-absorbable lipophillic 
food component on the absorption of lipophillic dietary 
compounds (West&ate & van het Hof, 1995). Plasma was 
extracted with n-heptane for determination of carotenoids. 
Ethyl-/I-apo-8’-carotenoate was used as an intemal stand- 
ard. A normal phase Nucleosil 5N (CH& column (Mach- 
eIy & Nagel, Dueren, Germany) was used with a flow 
of I .4 ml/min using n-heptane/chlomforn$&propanol 
(1000/l 5/ 1.5 v/v) as an eluent. Carotenoids were detected 
at 450 nm as previously described (Weststrate & van het 
Hof, 1995). r- + P-Carotene and lycopene concentrations 
were quantified. Plasma carotenoid concentrations were 
standard&d for plasma lipid (total cholesterol and total 
glycerol) levels as previously described (West&ate & van 
het Hof, 1995), because some stem1 enriched margarines 
significantly affected blood lipoprotein (carriers in the 
plasma of carotenoids) concentrations. 

DietaT intake 
Dietary intake was assessed by a modification of the 
Valivet method (Nut&XT, Rhenoy, The Netherlands). 
This method has been developed and validated by the 
Department of Human Nutrition of the Wageningen Agri- 
cultural Universitv (Feunekes et al. 1993). The method is a 
food frequency method with 104 it;ms sp&ically aimed at 
estimating fat intake. We modified the method for our 
purposes. Most importantly the number of margarines and 
oils was extended to cover the variation found in the study 
and we substituted more recent analytical data of fat 
composition of a varietv of uroducts for older data in the 
food composition database. Subjects received the method 
after 2.5 weeks in each 3.5 weeks period and answered the 
questions at the last day of each period. The dietitians then 
checked the questionnaires for completeness. 

the sterols in the margarines (data not shown). The ana- 
lysed margarine composition is given in Table 1. Differ- 
ences, as expected, occurred in sterol content. The 
sitostanol-ester product (Benecol) and the sheanut margar- 
ine contained more saturated and monounsaturated fatty 
acids and less linoleic acid than the other margarines. The 
sitostanol-ester product contained more r-linoleic acid than 
the other margarines. The margarines were tested for 
acceptability prior to the start of the study and during 
each period. 

The margarines were intended to replace an equivalent 
amount of the spread(s) habitually used by the volunteers, 
but they were not to be used for cooking or frying. Half of 
the amount of margarine was intended for consumption at 
lunch, the other half was for consumption at dinner, for 
example by melting the spread over vegetables or potatoes, 
rice etc, or by mixing the spread in a soup or by spreading 
the margarine on bread or toast eaten at dinner. Compliance 
was checked by the dietitians using regular telephone 
contacts with the volunteers, by weighing the total 

a 
number of tubs before and after each experimental 
period, by interviewing the volunteers about their use of 
the margarines at the end of each 3.5 week period, by 
evaluation of a volunteer-completed questionnaire on the 
use of the spread and also from analysis of the fatty acid 
composition of plasma cholesterylesters. Volunteers 
recorded daily whether they had consumed all of the 
spread at particular meal times. Margarines were provided 
in lots of 30 tubs per period; volunteers were requested to 
store them in the refrigerator until use. At the end of each 
period remaining tubs were returned to the dietitians. 

Blood lipidr, routine blood chemistry and haematology 
At screening for the study and at 2.5 and 3.5 weeks in each 
period of the study blood was obtained by veinpuncture 
from an antecubital vein from volunteers that were at least 
10 h in a fasting state. Plasma and serum were prepared by 
centrifuging blood for 10 min at 3000 g. All parameters 
were determined using commercial test kits on a Cobas Mira 
S analyser (Roche, Basle, Switzerland). Total cholesterol 
and total glycerol concentrations were determined by enzy- 
matic methods after storage at -80°C. HDL-cholesteml 

9 
was measured as described for total cholesterol after pre- 
cipitation of VLDL-cholesterol and LDL-cholesterol with 
phosphotungstate and magnesium. LDL-cholesterol was 
calculated using the Friedewald formula (Friedewald et al, 
1972). Within-run coefficient of variation for total choles- 
terol, HDL-cholesterol and total glycerol were below 2.5%. 

We also performed routine blood chemistry in the 3.5 
week blood samples to assess possible adverse effects of 
spread consumption. In plasma, using commercial testkits, 
C?iGT (L-y-glutamyltransferase, EC 2.3.2.2), ALT (alanine . aminotransfexase, EC 2.6.1.2) and AST (asoartate amino- 
transfer&e, EC i.6.1.1) we& determine& ‘ALP (alkaline 
phosphatase, EC 3.1.3.1) activity was measured in serum. 
Plasma albumin, glucose, urea and creatinine were also 
determined using commercial testkits. In serum we mea- 
sured total bile acids using an enzymatic spectmphoto- 
metric 3z-hydroxy bile acid assay (Enzabile, Nycomed 
Pharma Oslo, Norway). 

Haemoglobin concentration, white blood cell count, red 
blood cell count, platelet count and calculation of haema- 
tcait were performed using a Sysmex microcell F-800 
bloodcell counter (Toa Medical Eltctronics Co. Ltd., 
Kobe, Japan). 

Statistical evaluation 0Jtreatment 
Differences in plasma variables between treatments were 
evaluated by analysis of variance using the following 
model: response = gender, subject (within gender), period, 
diet, carry-over, diet x gender as factors. For Mood lipids 
we included a factor time (2.5 weeks and 3.5 weeks) as 
repeated measures. The carry-over effect was removed 
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horn the model as it was not significant. When the inter- 
action between gender and diet was significant (only for 
carotenes), the analysis was performed for males and 
females, separately. When this interaction term was not 
significant it was removed from the model. Blood lipid and 
carotenoid data were lognormalized before analysis. Dif- 
ferences between treatments were assessed using the 
Tukey’s multiple comparison test (Miller, 1981). Tukey’s 
test adjusts the P-value for all possible comparisons. A P- 
value of 0.05 was considered significant. The presented 
means are least squares means. The means with 95% 
confidence interval of the log transformed data are back 
transformed to the original scale in order to facilitate 
interpretation. Back transformation of the confidence inter- 
val of difference between treatments of the log transformed 
data results in a minimum significant ratio, which can be 
expressed as a percentage (see last column in Tables 2, 3 
and 4). For reasons of comparison the untransformed data, 
namely on dietary intake and fatty acid composition of 
serum cholesteryiesters, is presented in a similar way. For 
untransformed data the minimum significant difference is 
an absolute value (see last column, Tables 5 and 6). The 
confidence interval of a difference between treatments is 
then equal to the difference between these treatments f the 
minimun significant difference. SAS version 6.12 was used 
for the analysis (Statistical Analysis System Institute, 
1987). Descriptive statistics are given as meanrts.d. 
unless indicated othenvise. 

Results 

General 
The study started as intended with 100 adult volunteers, 50 
males and 50 females, with a mean age of 45 i 12.8 y and a 
mean body mass index of 24.2 k2.16 kg m-‘. Baseline 
total-, LDL- and HDL-cholesterol levels were 5.35 Z!Z 1.06, 
3.54 rt 0.97 and 1.26 f 0.35 mmol/L, respectively. There 
were four dropouts in the first 3.5 weeks due to illnesses 
and associated medicine use not related to the treatment, 
one volunteer was withdrawn in the third period because of 
a reported pregnant state. Body weight did not differ 
significantly between the various treatments. Average 
weight varied in men from 82.2 kg for the sheanut sterol 
spread to 82.5 kg for the ricebran sterol spread and in 
women from 66.7 kg for Flora to 66.8 kg for the sitostanol- 
ester margarine (Benecol) and the ricebran sterol product. 
During the study no changes were reported in the type of 
diet consumed. There were only minor changes reported in 
lifestyle: between 1 and 3 subjects reported changes in 
smoking behaviour and between 5 and 12 subjects reported 
changes in physical activity (more or less exercise) during a 
given treatment period. There was no treatment-related 
effect on routine blood chemistry, serum total bile acids 
and complete blood counts (data not shown). Serum total 
bile acids were 3.04, 3.37, 3.08, 3.01 and 3.71 pmol/L for 
control, sitostanol-ester, soybean oil sterol, ricebran sterol 
and sheanut steno1 margarines, respectively, with a mini- 

significant difference between treatments of 
;;i~lUnol,L. 

Compliance with the treatment was excellent. Average 
spread consumption varied between a minimum of 
29.8 g/d for the ricebran sterol spread to a maximum of 
30.4 g/d for the sheanut sterol spread with coefficients of 
variation varying between 3.3 (Flora) to 4.4% for the 
sitostanoi-ester margarine. The percentage of days on ,, 

which not all of a spread was eaten was 0.6% for the 
sitostanol ester margarine, 0.6% for the ricebran sterol 
spread 0.7% for Flora, 1% for the sheanut sterol and 
1.3% for the soybean sterol margarines. The very large 
majority of margarines were used as intended at lunch and 
dinner, overall for each product in more than 99.2% of all 
meal occurrences. 

Plasma lipi& 
Table 2 shows blood lipid data based on the average of the 
2.5 and 3.5 week sampling results, including the minimal 
significant difference with 95% confidence. There was no 
significant difference in plasma total cholesterol concen- 
trations between 2.5 and 3.5 weeks, however, plasma total 
glycerol, LDL- and HDL-cholesterol concentrations at 2.5 
weeks differed significantly from the concentrations at 3.5 
weeks (data not shown). On average HDL-cholesterol and 
triglycerides were slightly higher after 2.5 weeks compared 
to 3.5 weeks, in contrast to LDL-cholesterol concentra- 
tions. These differences were, however, very small and not 
affected by the treatment. Therefore in the analyses the 
mean of the 2.5 and 3.5 weeks results is used. There was a 
significant period effect for LDL-, HDL-cholesterol and 
total glycerol concentrations. Generally the mean concen- 
trations increased slightly during the trial. This effect was 
in particular present for the 2.5 week values. Also this 
period effect was not interacting with treatment. Benecol 
(sitostanol-ester) and the soybean spread significantly low- 
ered total- and LDL-cholesterol concentrations by about 
0.37-0.44 mmol/L compared to Flora without an effect on 
HDL-cholesterol level. Conseauentlv the total- or LDL- 
cholesterol to HDL-cholesterol radio was significantly 
reduced for Benecol and the soybean sterol product. The 
sheanut or ricebran stem1 margarines did not differ in 
blood lipids compared to Flora. Total glycerol levels 
were not affected by the treatment. There was no signifi- 
cant difference between males and females in treatment 
effect. 

Table 3 shows the treatment effects for tertiles based on 
the study entry values for total- or LDL-cholesterol con- 
centrations. It is clear that responses expressed in percen- 
tage change compared to Flora are very similar in the 
mildly hypercholesterolaemic subjects, that is, in those with 
a high starting plasma total- or LDL-cholesterol level and 
the normocholesterolaemic subjects, that is, those with 
lower starting total- or LDL-cholesterol concentrations. 

Plasma carotenoids 
Table 4 shows blood carotenoid levels after 3.5 weeks on 
treatment or control, as measured and after standardization 
for concentrations of plasma lipids. There was a significant 
period effect, plasma z- + p-carotene levels decreased from 
a concentration of 220 l.rg/L in the first period to 168 pg/L 
in the fourth period. Similarly plasma lycopene concentra- 
tions decreased from 85 ug/L-63 pg/L. This period effect 
was not affected by treatment. All sterol fortified margar- 
ines caused a lowering of blood carotenoid levels. but the 
decrease in lycopene concentration was 
not significant for the ricebran sterol product. The 
decreases were greatest for the sheanut margarine. Lipid 
standardisation of the carotenoid concentrations diminished 
the lowering effect of Benecol and the soybean product 
with the decrease in lycopene not being statistically sig- 
nificant any longer for the soybean oil sterol margarine. 
There was an interaction between treatment and gender. 
The effect on r-plus /I-carotene levels differed between 



Table 2 Blood lipid concentrations in volunteen participating in the stcml enriched mergarine study 

.- Flom’ Benecol b Soyhean Ricehmn Sheanut Minimal 
.ri&lcant 

d$,Gence (%) 

Total cholesterol (mmol/L) 5.1R (5.1 l-5.26) 4.R1 (4.73-4.8X; - 7.3) 4.75 (4.6X-4X2; - X.3) 
HDL-cholesteml (mmol/L) 1.25 (1.22-1.27) 1.25 (1.23-1.27; 0.1) 1.25 (1.23-1.27; 0.6) 
LDL-cholesterol (mmol/L) 3.36 (3.29-3.43) 2.96 (2.89-3.02; - 13) 2.92 (2.86-2.99; - 13) 
LDL- to HDL-cholestcml ratio 2.70 (2.62-2.77) 2.37 (2.31-2.44; - 12) 2.33 (2.27-2.40; - 14) 
Total glycerol (mmol/L) 1.11 (1.06-1.16) 1.15 (1.10-1.21; 3.6) 1.10 (1.05-1.15; - 0.9) 

Figures between brackets rcfcr to confidence interval for mean and percentage change compared to Flora. 
l Contml, not enriched in stemls. 
b Containing sitostanol-ester. 

5.13 (5.05-5.21: - 1.1) 5.15 (5.07-5.22; -0.7) 2.1 
1.23 (1.21-1.25; - 1.3) 1.23 (1.21-1.25: - 1.2) 2.5 
3.31 (3.24-3.38; - 1.5) 3.33 (3.26-3.40; -0.9) 3.1 
2.69 (2.62-2.77; - 0.3) 2.71 (2.63-2.78; 0.3) 3.9 
1.14 (1.09-1.19: 3) I.16 (1.11-1.22; 4.4) 6.7 

Table 3 Blood lipid conccntmtiono in volunteers participating in the stcrol enriched margarine study according to tertiles of total cholesterol or LDL-cholcacrol levels at entry to the study 

Minimal 

Low Tertile (N=32) 
‘Total choleslerol (mmol/L) 4.16fO.50 4.22 (4. I I-4.33) 3.92 (3.83-4.01; - 7.1) 3.85 (3.77-3.94; - 8.6) 4. I2 (4.03-4.21; - 2.3) 4.17 (4.07-4.28: - 1.1) 3.7 
LDL-cholesterol (mmol/L) 2.45 f0.37 2.50 (2.39-2.61) 2.20 (2.12-2.29; - 12) 2.14 (2.06-2.23; - 14) 2.48 (2.39-2.58; - 0.7) 2.51 (2.42-2.61; 0.6) 6.5 

Mid Tcrtile (N=32) 
Total cholesterol (mmol/L) 5.41 rtO.30 5.33 (X20-5.46) 4.97 (4.86-5.09; - 6.7) 4.93 (4.80-5.07; - 7.5) 5.31 (X17-5.46: - 0.4) 5.33 (5.20-5.46: 0.0) 3.5 
LDL-cholesterol (mmol/L) 3.52 f0.32 3.49 (3.38-3.60) 3.06 (2.95-3.16; - 12) 3.06 (2.96-3.18; - 12) 3.39 (3.26-3.52; - 2.9) 3.46 (3.33-3.59: - 1.0) 4.7 

High Tertile (N=31) 
Total cholesteml (mmol/L) 6.54f0.61 6.23 (6.04-6.42) 5.74 (X54-5.95; - 7.9) 
LDL-cholcstcml (mmol/L) 4.62 f 0.55 4.37 (4.19-4.56) 3.87 (3.71-4.04; - I I) 

Figures io brackets refer to confidence interval for mean and percentage chenge compared to Flora. 
* Control, not enriched in aterols. 
b Containing sitostanolcder. 

5.69 (5.53-5.86: - 8.7) 6.19 (6.01-6.38; - 0.6) 6.16 (5.98-6.34: - 1.2) 4.5 
3.83 (3.68-3.99; - 12) 4.34 (4.17-4.52; - 0.7) 4.29 (4.12-4.47; - 1.8) 6.3 

Table 4 plasme @- + ,,-carotenc and lycopcnc levels, MV and lipid-standardized, in vohmteen ptiicipcting in chc stcml cmichcd margarine *obY 

Filnrl? Benecotb soybean Ricehmn 

R- + p-carotene (vg/L) ..11 1-71 ‘4, (‘x-255) IX9 (180-198; - 22) I86 (178-195; - 23) 223 (213-234; - R.3) 
. . . 

wopcne w g/u 90 (81. I-99.8) 70 (62.9-77.4; - 22) 72 (65.2-80.1; - 20) 85 (76.9-94.7; - 5.1) 
n- +/f-carotene/ (TC’ +TGd) (pg/mmol) 39.2 (37.3-41.1) 3 I .9 (30.4-33.5; - 19) 31.8 (30.3-33.4; - 19) 35.8 (34. I-37.6; - 8.6) 
Lycopeqe/(TC +TG) (wg/mmol) 14.5 (13-16.1) 11.8 (10.6-13.1; - 19) 12.3 (11.1-13.7; - 15) 13.7 (12.3-15.2; - 5.5) 

Sheanut 

I39 (132-146; - 43) 
54 (4R.R-60.1; -40) 
22.2 (21.1-23.3: - 43) 

8.65 (7.78-9.60; - 40) 

Minimal 
rign~:ni/cant 

dil/erence (?A) 

7 
IS.8 
7.1 

I6 

Figures bctwccn brackets refer to confidence interval for mean and percentage chmgc compared to Flora. 
’ Control, not enriched in slerols. 
h Containing sitostaool-ester. 
F TC = total cholesterol. 
I1 TG = total glycerol. 
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males and females for Benecol (higher reduction for males) 
and the soybean spread (higher reduction for females) (data 
not shown). 

Plasma plant sterols 
Stigmasterol or stanols were not detectable in plasma. 
Sitosterol levels were signif?cantly lower for the sitosta- 
nol-ester margarine compared to the soybean oil spread and 
Flora, namely 2.1 mg/L (sitostanol ester) vs 4.6 mg/L 
(soybean) and 3.3 mg/L (Flora). Campesterol levels were 
also lower, but only the difference with the soybean oil 
product was significant. Levels were 5.8 mg/L (sitostanol), 
12.1 mg/L (soybean) and 7 mg/L (Flora). Sitosterol and 
campesterol levels were significantly higher for the soy- 
bean product compared to Flora. 

Dietary in take 
Food consumption data are given in Table 5. These data 
include the contribution made to dietary intake by the 

0 
margarines. On average, spread intake contributed slightly 
less than 8% to the total energy intake and about 18% to 
total fat intake. Energy intake, total fat intake (in percen- 
tage of energy intake) and dietary cholesterol intake did not 
differ significantly among the treatments. There were a few 
small differences in the intake of fatty acids between the 
treatments. During consumption of the sheanut and sitos- 
tanol-ester margarines overall intake of saturated and 
monounsaturated fatty acids was higher and intake of 
polyunsaturated fatty acids (mostly linoleic acid) was 
lower than during consumption of the other margarines. 
As the first two margarines contained higher amounts of 
saturated and monounsaturated fatty acids than the other 
three products this difference confirms what we expected to 
occur. Unsaturated fatty acid intake did not differ between 
Flora, the soybean and ricebran spreads. The intake of’ 
saturated fatty acids was slightly higher during Flora 
compared to the soybean spread. Energy, fat and choles- 
terol intake were higher for males than for females. How- 
ever, gender did not interact with treatment. 

‘- .o 

Fatty acid composition of plasma cholesterylesters 
The fatty acid composition of plasma cholesterylesters, 
indicated in Table 6, supports the overall similarity in 
fatty acid intake between the various treatments. Table 6 
also shows a lower content of linoleic acid in the plasma 
cholesterylesters for the sitostanol-ester and sheanut sterol 
products compared to the other margarines. In contrast, 
oleic acid content was higher. This is in agreement with the 
data obtained by the food frequency method. 

Discussion 

General 
This study shows that in normocholesterolaemic and mildly 
hypercholesterolaemic healthy males and females a mar- 
garine enriched with soybean oil sterols, primarily esters of 
sitosterol, campesteml and stigmasterol, lowered plasma 
total- and LDL-cholesterol concentrations by 8-13%, 
respectively compared to a spread with a similar fatty 
acid content and composition but not enriched in sterols. 
This blood cholesterol lowering effect was present within 
2.5 weeks after feeding. Margarines containing sheanut or 
ricebran oil sterols were not effective in lowering blood 
cholesterol concentrations compared to the control margar- 
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Table 6 Fatty acid composition of plasma cholesterylesters in volunteers participating in the sterol em-j&d margarine study 341 

Minimal 
Furry acid (%) Fhl? Benecol h S0)JhtWn 

signifimanl 
Rice/ran Sheanut di//erence (%) 

c12:0-c18:0 14.9 (14.5-15.2) 14.9 (14.5-15.3) 14.8 (14.4-15.2) 
CI8:l cis 13.8 (13.4-14.2) 15.4 (15.0-15.8) 

14.9 (14.5-15.2) 0.55 
13.4 (13.0-13.8) 

lp.9 (14.5-15.2) 
0.60 CI8:2 n-4 57.0 (56. I-57.8) 54.6 (53.7-55.5) 13.7 (13.3-14.1) l5.5’(15.0-15.9) 

56.9 (56.0-57.8) 57.3 55.1 Cl8:3 n-3 0.47 (0.43-0.51) I .23 0.68 (0.64-0.72) (56.4-58.2) 
0.44 (0.40-0.48) 

(54.3-56.0) 
0.46 0.44 Rest fatty acids 13.9 (13.5-14.4) (0.42-0.50) 0.06 14.4 

(14.0-14.9) 
(0.40-0.48) 

14.5 (14.0-14.9) 13.7 (13.3-14.1) 14.1 (13.7-14.5) 0.60 

Figures betwe,en brackets refer to confidence interval for mean. 
’ Contiol, not enriched in sterols. 
b Containing sitostanol-ener. 

ine. The fatty acid composition of the shea sterol margarine 
was less favourable with respect to blood cholesterol low- 
ering compared to the fatty acid composition of the control 
margarine, suggesting that we may have underestimated the 
true cholesterol lowering action of the shea sterol margar- 
me. We confirmed the cholesterol lowering action reported 
by Miettinen et al (1995) of a spread enriched with sito- 

0 
stanol-ester. We did not observe an effect on plasma HDL- 
cholesterol or triglyceride concentrations of the sterol 
enriched margarines. 

The ricebran oil and sheanut oil sterol margarines were 
not effective in lowering blood cholesterol levels. There are 
no reports in the peer-reviewed Iiterature of human feeding 
studies with sheanut oil or ricebran oil sterols in normo- 
cholesterolaemic or mildly hypercholesterolaemic subjects, 
so the data of this study can not be compared to literature 
findings. Our findings for the ricebran oil margarine are in 
agreement with data of Lichtenstein ef al, (1994) who fed 
volunteers in a well controlled design ricebran oil and did 
not observe a cholesterol lowering action compared to other 
feeding regimes with similar fatty acid intakes. There is, 
however, evidence from a well controlled study in nonhu- 
man primates that rice bran oil can lower total- and LDL- 
cholesterol without affecting HDL-concentrations (Nicolosi 
et a[, 1991). Further studies in humans are needed to 
validate claims on the cholesterol lowering action of rice 
bran oil or rice bran oil concentrates rich in sterols. 

The ricebtan and sheanut stem1 margarines contained 
4,4’dimethylsterols. esterified primarily to, respectively 
ferulic acid and c’ 

0 

mnamate and acetic acid, whereas the 
soybean oilproduct and Benecol contained fatty acid esters 
of either saturated or unsaturated 4desmethylsterols. The 
structure of 4desmethylsterolq sitostanol, sitosterol, stig- 
master01 and campesterol, is more similar to cholesterol 
than the structure of 4,4’dimethylsterols. This may offer 
more opportunity for effective competition with cholesterol 
for incorporation in mixed micelles, which is the supposed 
mechanism for the cholesterol lowering action of sterois 
(Ling & Jones, 1995). The lower sterol content (for 
ricebran) and differences in fatty acid composition (for 
shea) may also have contributed to differences in effect 
between the ricebran and sheanut products on the one hand 
and the other sterol.enriched margarines on the other hand. 
We estimate that we may have underestimated the LDL- 
cholesterol lowering action of the sheanut margarine in 
comparison to the control product due to differences in 
fatty acid intake by a maximum of 0.10 mmol/L (Mensink 
& I&tan, 1992). This is close to the significant difference 
compared to control that we could have detected with 95% 
confidence. 

We do not believe that differences in compliance can 
explain the observed variation in efficacy between the 
treatments. Compliance was excellent. Spread consumption 

was very close to the target dose of 30 g/d and intake 
occurred nearly always at-hutch and evening meal. Drop 
out rate was small and the number of volunteers consuming 
a given spread was very similar for all products. 

Habitual intake of energy, dietary fat (as percent of 
energy intake) -and cholesterol was not significantly differ- 
ent between the margarines. The absence of difference in 
body weight between the treatments cot&ms the similarity 
across treatments of energy intake and energy balance. 
Intake of fatty acids differed among margarines reflecting 
differences in fatty acid composition of margarines namely 
a lower linoleic acid and higher oleic acid and saturated 
fatty acid content of Benecol and the sheanut product 
compared to the other margarines. 

The fatty acid composition of the plasma cholesteryl- 
esten reflects fatty acid intake over the last few weeks and 
is a good variable to assess compliance to dietary fat 
interventions (Zock et a& 1997). We could support the 
reported differences in dietary intake of the various fatty 
acids with the data on fatty acid composition of plasma 
cholesterylesters. During consumption of the sitostanol- 
ester and sheanut product the level in plasma cholestety- 
lesters of linoleic acid was lower, the level of oleic acid and 
z-linolenic acid (sitostanol-ester product only) was higher 
compared to consumption of the other margarines. These 
tindings corroborate our other measures of compliance and 
they underscore the validity of’the method we used to 
estimate dietary intake. The differences in dietary fatty acid 
intake during consumption of the sitostanol-ester product 
may have caused a slight underestimation of the LDL- 
cholesterol lowering effect of this product compared to 
Flora and the soybean spread We estimate the maximum 
size of that effect to be negligible namely 0.03 mmol/L 
against Flora and 0.05 mmol/L against the soybean spread 
(Mensink &- Katan, 1992) 

Food intake 
Overall the percentage of energy derived from fat was 
slightly higher than the average percentage of energy from 
fat in the Netherlands, which is about 38% (Voorlichtings- 
bureau voor de Voeding, 1993). Habitual energy intake in 
the Netherlands of individuals aged between 22-65 y is 
about 9.5 MJ/d. Energy intake in this study population was 
slightly higher indicating that it is very unlikely that energy 
or fat intake have been under reported by our study 
population. 

Blood chemistry and haematology 
We monitored blood chemistry and haematological vari- 
ables and found no evidence for adverse effects of con- 
sumption of the sterol enriched spreads on plasmaaspartate 
aminotransferase, alanine aminotransferase, alkaline phos- 
phatase and L-y-glutamyltransferase activities, serum total 
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Table 2: Study plan 

Week 

Day 

Phase I: 
Screening I Run in 

-5 -1 

Phase ii: Phase Ill: 
Active Medication Follow-up 

1 5 a 9 13 17 

1 29 50 57 a5 113 

Visit 1 2 3 4 5 6 7 a 

Adm. History X 

24 h Dietary Recall X X X 

Physical Exam X X X X X X X X 

Adverse Event Report X X X X X X 

Biochemical Profiling Lipids Screen X X X X X X 

At visit 1 subjects underwent a selection procedure including an interview (personal and 
family medical history; previous medical treatments, dietary habits); a clinical examination; 
and a laboratory test (Total, LDL-, HDL-cholesterol, and triglycerides) under fasting 
conditions. If subjects complied with inclusion/exclusion criteria they received dietary 
counselling and underwent another clinical examination, and a laboratory test (Total, LDL-, 
HDL-cholesterol, and triglycerides, thyroid Function tests, full blood count) under fasting 
conditions (Visit 2). At visit 3 through to visit 8 patients underwent a physical examination and 
a laboratory test including determination of total, LDL-, HDL-cholesterol, and triglycerides as 
well as various safety measurements (Glucose, Urea & Electrolytes, Liver Function Tests, 
Calcium Profile). At visits 3, 6, and 8 vitamin A, beta-carotene, and Vitamin E were 
determined as additional safety parameters. 

All clinical visits were performed between 7 and 10 am. The subjects were instructed not to 
eat 12 hours prior to the clinic visits. 

Diet and Dietary intake 

Randomisation of the subjects (at visit 3) was proceeded by a 4 week wash out period for 
cessation of current lipid lowering drugs (if applicable), with dietary recommendations to 
attempt to ameliorate dyslipidemia. This period was based on a low saturated/low cholesterol 
diet as currently recommended by the European Atherosclerosis Society and the American 
Heart association, step 1 diet, respectively. The advise was given by trained dietitians. 
Furthermore, 24h recalls to monitor food intake were collected at visit 1, visit 3 and visit 6 
(see Table 2) in both treatment and placebo group. The recall was applied to assess and 
compare group means of macro nutrients (fat with SAFA, MUFA, PUFA; protein; 
carbohydrate). For calculation of the nutrient intake the software GENI (Micro6, Vandoeuvre 
les Nancy, France) was used. 

Study products 

The phytosterol enriched cereal bars were prepared by Wander AG, Neuenegg, Switzerjand. 
Composition of active and placebo bars is shown in table 3. The cereal bars were fortified 
with unesterified tall oil sterols (ReducolTM, Forbes Medi-Tech, Vancouver, Canada) with 52% 
sitosterol, 15% sitostanol, 17% campesterol, and 3% campestanol. Each bar of 25 g 



contained 0.6 g tall oil sterols. Subjects consumed 3 bars per day (1.8 g sterolsld) with their 
main meals 

Table 3: Composition of cereal bars 

Variables Placebo Bar Phytosterol Bar 

Water (g/l OOg) 6.4 6.5 
Protein (g/l OOg) 3.3 3.4 
Fat (g/l 009) 14.3 14.1 
Carbohydrates (g/l 00s) 69.1 71.2 
Organic Acids (g/l OOg) 0.3 0.3 
Minerals (g/l OOg) 0.8 0.8 
Dietary fiber (g/l OOg) 2.4 2.5 

KJ (per 100 g) 1763.5 1795.7 

Analysis 

At visit 1 lipid laboratory values were measured locally, however the samples for visits 2 
through to 8 for all measured parameters were pooled and analysed centrally at the Royal 
Liverpool Hospital, Liverpool, England. 

Blood samples for serum and plasma determination were centrifuged (3000 rpm x 10 min, 
+4”C) within 1 hour after drawing. Plasma and serum was separated and stored at -20°C 
until analysis. 

Blood lipids 
Total and HDL cholesterol and triglycerides were determined with a Hitachi 747 analyser 
(Hitachi Inc., Tokio, Japan) using enzymatic methods (Roche UK Ltd, Lewes, England). LDL 
cholesterol was calculated by using the Friedewald equation (Friedewald, Levy, Fredrickson, 
1987). 

(Pro) Vitamins 
Vitamin A and E and beta-carotene was determined using a HPLC method as describe by 
Thurnham et al () and Zaman et al 0. Proteins in the serum were precipitated with methanol and 
the vitamin/lipid complexes were extracted into hexane. The dried extract was redissolved in 
THF and methanol and quantification of the vitamins was achieved by reverse phase HPLC. 

Sta fistical analysis 

The primary parameter of the study was the intra-individual pre-post difference in plasma 
LDL cholesterol. Both values (pre-treatment and post-treatment) were calculated as mean 
values of two visits: visits 2 and 3 (pre-treatment) and visits 5 and 6 (post-treatment). Pre- 
post difference in plasma total cholesterol and HDL cholesterol, as well as plasma 
(pro)vitamins were secondary parameter. A two sample t-test was used with an accepted 
level of significance of ~~0.05. The statistical software used is SASB. 



RESULTS 

General 
131 subjects were randomised and all completed the entire study. All subjects tolerated the 
cereal bars well although a total of 83 adverse events were reported. Non of the adverse 
events however were classified by the investigators as related to study products. While in the 
placebo group 48 adverse events were reported only 35 events occurred in the active group. 
All recorded adverse were mild or moderate in severity. 
Patients were asked to note the actual times of product ingestion in a personal booklets. 
Compliance was satisfying for all the subjects expect 3 and was considered as 
homogeneous between groups. 
The study population consisted of 100 male (76.3%) and 31 female subjects (23.7%) with a 
homogenous distribution between the two groups (p=O.97). All 131 subjects could be 
considered as healthy as full examination (including blood pressure and heart rate) and 
laboratory tests were normal. 

Body weight and diet 
Body weight did not change during the study. Bodyweight of the placebo group was 75.2 + 
13.4 kg at the randomisation visit and 75.2 + 13.1 kg at the end of the treatment phase. For 
the active group values were 755 + 11.5 kg at the randomisation vs 75.4 + 11.5 at the end of 
the active treatment, respectively. 

Nutrient intake during the study of both placebo and active group is shown in table 4. No 
difference between the 2 groups was detected at any time point measured. The dietary 
counselling was well accepted in both groups and lead to the expected decrease in fat intake 
(36% energy from fat at visit versus 29% energy from fat at visit 3). The quality of fat 
ingested also changed slightly with a tendency to decrease saturated fatty acids. Cholesterol 
intake also decreased due to counselling, however the goal of >I50 mg per day could not be 
achieved. 

Table 4: Intake of energy, protein, carbohydrate and fat as assessed by 24 hour recall at visit 
1, visit 3 and visit 6. Intakes are expressed as grams (g) and as percent energy (%En). 

Energy (kcal) 
Protein (g) 

%En 
Carbohydrate (g) 

%En 
Fat @I 

%En 
SAFA (cd 

%En 
MJFA (g) 

%En 
PUFA (g) 

%En 
Cholesterol (mg) 

Placebo Phytosterol 
VI v3 V6 VI v3 V6 

,. I 
1698rt59 1664+59 1663+50 1770+57 1657+54 1715i49 

72 z!z 3 77 k 4 69 I!I 4 74 * 3 74 IL 3 79+4 
17 19 17 17 18 18 

176+_8 193k 10 190 & 10 192k9 188+8 212+10 
41 46 46. 43 45 49 

67zt4 53+4 56 zk 3 67+4 55 dc 4 54 f 3 
36 29 30 34 30 28 

22-t2 19k2 20 Ik 2 25 zk 2 21+2 20 * I 
12 10 11 13 11 10 

25 rt 2 18+2 22 zk 2 26 f 2 21 i2 181tr 1 
13 10 12 13 11 9 

8rirl 8rtl 9&l IO+1 7&l 8*1 
4 4 5 5 4 4 

271 f 18 247 f 27 226+24 264&18‘ 234 + 23 243 I 21 

Blodd lipids 



Total and LDL cholesterol were both decreased significantly by tall oil sterol consumption, 
while HDL cholesterol and triglycerides were not affected (Table 5). 

Table 5: Total, LDL and HDL cholesterol and triglycerides concentrations before and after 
consumption of cereal bars with or without tall oil sterol fortification. 

Placebo 
(n=68) 

Phytosterol P 
(n=63) 

Total cholesterol (mmol/l) 
Inclusion (V2-V3) 
End (V5-V6) 
Change’ 
Relative change (%) 

LDL Cholesterol (mmol/l) 
Inclusion (V2-V3) 
End (V5-V6) 
Change 
Relative change (%) 

HDL Cholesterol (mmol/l) 
Inclusion (V2-V3) 
End (V5-V6) 
Change 
Relative change (“Yo) 

Triglycerides (mmol/l) 
Inclusion (V2-V3) 
End (V5-V6) 
Change 

6.83 k 0.12 6.60* 0.10 
6.95 III 0.13 6.37rt 0.12 
0.14 k 0.10 -0.23 I: 0.08 
2.48rt 1.35 -3.26 I? 1.26 

4.69+ 0.12 
4.72+ 0.12 
0.04 5 0.09 
2.041t 1.89 

4.46 Y!I 0.10 
4.27 zk 0.12 
-0.19 zk 0.08 
-3.76 + 1.66 

1.38 ZIZ 0.04 
1.39 f 0.05 
0.01 f 0.02 
1.88 f 1.70 

1.34 i: 0.04 0.49 
1.31 ri: 0.04 0.27 
-0.03 Lk 0.02 0.19 
-1.39rt 1.65 0.18 

1.74 zlz 0.12 
1.92 I!z 0.13 
0.18 f 0.08 

1.8Ok 0.14 0.66 
1.77+0.10 0.52 
-0.04 f 0.10 0.16 

0.15 
0.001 
0.001 
0.001 

0.14 
0.01 
0.01 
0.01 

‘Change is calculated as difference of end (mean of V5 and V6) minus inclusion (mean of V2 and V3) values. 

At inclusion no statistical difference in total, LDL, and HDL cholesterol could be detected 
between placebo and phytosterol group. However, absolute total and LDL cholesterol 
concentrations in the placebo group were higher, e.g. 0.23 mmol/l for LDL cholesterol. After 
the 8-week treatment both total and LDL cholesterol was reduced in the phytosterol group, 
whereas in the placebo group cholesterol concentrations were slightly higher. Final 
concentration of total and LDL cholesterol, the absolute and the relative change from 
baseline were significantly different in the phytosterol group compared to placebo. Both HDL 
cholesterol and triglycerides only showed minor changes in both groups and no significant 
difference could be detected. 

(Pro)Vitamins 

Serum concentrations of vitamin A, vitamin E and beta-carotene were not affected by 
phytosterol ingestion (Table 6). 



. 

Table 6: Serum concentrations of vitamin A, vitamin E, and beta-carotene at randomisation 
(V3), end of treatment (V6), and end of follow up phase (V8). 

Vitamin A (umol/L) 
Inclusion V3 
End of treatment V6 
Follow V8 up 

Placebo Phytosterol P 
(n=59) (n=52) 

2.85 st 0.09 2.81 i 0.10 0.75 
3.02 F 0.09 3.32 k 0.45 0.52 
2.95 IL 0.10 2.83 f 0.10 0.39 

Vitamin E (umol/L) 
Inclusion V3 
End of treatment V6 
Follow V8 up 

30.4 f 1.5 32.4 -i- 1.5 0.45 
35.6 k 1.4 33.3 -t 1.4 0.25 
33.8 AZ 1.3 34.5 f 1.4 0.73 

beta-carotene (umol/L) 
Inclusion V3 
End of treatment V6 
Follow up V8 

0.83 k 0.08 0.88 + 0.10 0.71 
0.76 III 0.08 0.76 i- 0.08 0.99 
0.85 5 0.08 0.92 + 0.09 0.58 

In both phytosterol and placebo group vitamin A and E concentrations were slightly higher 
after the treatment phase then at the start of the trial, however reached again starting values 
at the end of the follow up phase. At non of the points measured any statistical significant 
difference could be detected between placebo and phytosterol group. Beta-carotene 
concentrations were slightly reduced in both groups after the treatment phase, however, 
difference between the 2 groups did not show any significance. 

DISCUSSION 

In the present study a low fat cereal bar enriched with TOS, as part of a low fat diet, reduced 
both total and LDL-cholesterol without negatively affecting serum concentrations of fat 
soluble (pro)vitamins. 

In the past several short and long term studies (e.g. Vanhanen et al, 1993; Miettinen et al, 
1995) showed that a daily intake of approx. 3 g sitostanol can significantly lower total and 

‘. LDL cholesterol by up to 10% with no change in HDL cholesterol. However, in most of the 
studies total fat (36 - 41% of total energy) and cholesterol intake (300 - 450 mg) were high. 
While the mechanism of action of phytosterols on serum cholesterol level is still not known in 
detail, it is generally accepted that phytosterols inhibit absorption of both endo- and 
exogenous cholesterol from the intestine (Grundy & Mok, 1976; Heinemann et al, 1991). A 
high dietary fat intake and high fat foods delivering the phytosterols may therefore be of 
benefit to maximise the action of phytosterols. However, from a nutritional standpoint effects 
would be much more relevant if achieved in patients on a low fat dieted combined with a low 
fat food as delivery vehicle. Thurnham (1999) criticised the fact that by reducing cholesterol 
by the ingestion of high fat foods fortified with phytosterols will not be associated with a 
reduction in dietary fat or energy nor will there be- an incentive to increase the intake of fiber, 
fruit and vegetables. 
In widely discussed study Denke (1995) failed to show a significant cholesterol lowering 
effect of sitostanol (3 g/d) combined with a low fat (30% of total energy) and cholesterol 
intake (~200 mg/d). While the low fat intake may have played a role for not finding an effect 
the mettiod of delivery (sitostanol was suspended in safflower oil and packed in gelatine 
capsules) may have been the more important factor for the negative results. In contrast to 
Denke’s results Hallikainen and Uusitupa (1999) have successfully shown that a fat reduced 



phytosterol fortified margarine is able to reduce both LDL and total cholesterol in patients 
following a low fat diet. The effect produced by the sterols combined with the effect of the low 
fat diet on cholesterol levels was significantly bigger then the effect of the diet alone. 
The present study shows that a phytosterol enriched cereal bar with a fat content below 15% 
reduces both LDL and total cholesterol by 6% compared to placebo. This was achieved with 
a low daily dose of 1.8 g of free tall oil sterols on the background of a low fat diet (less then 
30% energy from fat). Studies in the literature at a similar dose of phytosterols showed 
similar reductions in total and LDL cholesterol. Hendriks et al (1999) showed that a 
margarine (70% fat w/w) containing 0.83 g sterols reduced total and LDL cholesterol by 4.9% 
and 6.7% respectively, whereas a dose of 1.61 g reduced the 2 concentrations by 5.9% and 
8.5%. Dietary fat intake in the Hendriks study was also relatively low at 33 energy%. 

While the positive action of plant phytosterols is wildly accepted and regarded as a useful 
dietary alternative to drug treatment for mildly hypercholesterolemic subjects, there is some 
concern about the possible negative effect of sterols on fat soluble vitamins and provitmains. 
The reduction of cholesterol by plant sterols is thought mainly due to decreased cholesterol 
absorption, therefore sterols may also interfere with the absorption of fat soluble vitamins. 
Gylling et al (1996) showed that alpha-tocopherol and carotene concentrations were 
significantly decreased after consumption of 3 g esterified sitostanol. Lipid standardised 
alpha-tocpherol levels did however not change. Weststrate & Meijer (1998) recorded a 
significant decrease of approx. 20% of (alpha&beta)-carotene (lipid standardised or not) after 
consumption of 3 g esterified plant sterols. In a recent study Hendriks et al (1999) discovered 
the same effects as Westrated but additionally showed that the lowering effects were dose- 
dependant. The highest dose of 3.24 g of esterified plant sterols decreased plasma lipid 
soluble vitamins and carotenoids by 8 to 20%, effects were somewhat reduced a lower plant 
sterol doses of 1.61 g and 0.83 g per day. The plasma reductions were however only 
significant for carotenoids. In contrast to the above studies with esterified plant sterols 
Sierksam et al (1999), investigated the cholesterol lowering effects of free soy sterols, could 
not detect any negative effect on (alpha&beta)-carotene concentrations. This may have been 
an effect of the low daily intake of 0.8 g per day, however we showed no negative effect of a 
daily consumption of 1.8 g of free sterol on vitamin A and E, and beta-carotene 
concentrations. It is unclear why free sterols may have no negative effect on carotenoid 
concentration and further studies will be needed to verify and understand the reported 
finding. 

CONCLUSIONS 

This present study shows that the consumption of cereal bars enriched with 1.8 g tall oil 
sterols decreases both LDL and total cholesterol by 0.23 mmol/L and 0.36 mmol/L, 
respectively, as’compared to placebo. This effects was seen on the background of a fat 
reduced diet in mildly hypercholesterolemic subject. Serum concentrations of vitamin A and 
E and beta:carotene was not negatively influenced by phytosterol consumption which may 
be due to the use of free not esterified sterols. A low fat cereal bar delivers beside the 
cholesterol lowering sterols other important nutrients as dietary fibers and fits well into the 
desired eating pattern of a patient with unhealthy cholesterol levels. If patients replace 
products rich in fat and/or cholesterol by a cholesterol lowering cereal bar effects may be 
much bigger then shown in the present study. 

REFERENCES 



Bean, G.A. 1973. Phytosterols. Adv. Lipid Res. 11:193-218. 

Becker M., Staab D., and von Bergmann K. 1992. Long-term treatment of severe familial hypercholesterolemia 
in children: effect of sitosterol and bezafibrate. Pediatr. 89: 138-42. 

Becker M., Staab D., and von Bergmann K. 1993. Treatment of severe familial hypercholesterolemia in 
childhood with sitosterol an sitostanol. J. Pediatr. 122:292-6. 

Borgstrom, B. 1976. Plant sterols. In: Nutrition and cardiovascular disease, E.B. Feldman (ed.); Appleton- 
Century-Crofts; New York, USA, pp. 117-138. 

Denke, M.A. 1995. Lack of efficacy of low-dose sitostanol therapy as an adjunct to a cholesterol-lowering diet in 
men with moderate hypercholesterolemia. Am. J. Clin. Nutr. 61:392-396. 

Farquhar, J.W., Smith, R.E., and Dempsey, M.E. 1956. The effect of beta sitosterol on the serum lipid levels of 
young men with arteriosclerotic heart disease. Circulation 14:77-82. 

Grundy, S.M., and Mok, H.Y.I. 1976. Effects of low dose phytosterols on cholesterol absorption in man. In: 
Lipoprotein metabolism, H. Greten ted.); Springer, Berlin, Heidelberg, New York, pp. 112-I 18. 

Gylling H., and Miettinen T.A. 1994. Serum cholesterol lipoprotein metabolism in hypercholesterolemic 
NIDDM patients before and during sitostanol ester-margarine treatment. Diabetologia 37:773-80. 

Gylling H., and Miettinen T.A. 1995a. The effect of cholesterol absorption inhibition on low density lipoprotein 
cholesterol level. Atherosclerosis 117:305-8. 

Gylling H., and Miettinen T.A. 1996. Effects of inhibiting cholesterol absorption and synthesis on cholesterol 
and lipoprotein metabolism in hypercholesterolemic non-insulin-dependent diabetic men. J. Lipid Research 
37:1776-85. 

Gylling H., Siimes M.A., and Miettinen T.A. 1995b. Sitostanol ester margarine in dietary treatment of children 
with familial hypercholesterolemia. J. Lipid Research 36: 1807-12. 

Heinemann, T. Leis, O., and von Bergmann, K. 1986. Effect of low-dose sitostanol on serum cholesterol in 
patients with hypercholesterolemia. Atherosclerosis 6 1:2 19-223. 

Heinemann, T., Axtmann, G., and von Bergmann, K. 1993. Comparision of intestinal absorption of cholesterol 
with different plant sterols in man. Europ. J. Clin. Invest. 23:827-83 1. 

Heinemann, T., Kullak-Ublick, G.A., Pietruck, B., and von Bergmann, IS. 1991. Mechanisms of action of plant 
sterols on inhibition of cholesterol absorption. Comparison of sitosterol and sitostanol. Eur. J. Clin. Pharmacol. 
4O:S59-S63. 

Ikeda, I., Tanabe, Y., and Sugano, M. 1989. Effects of sitosterol and sitostanol on micellar solubility of 
cholesterol. J. Nutr. Sci. Vitaminol. 35:361-369. 

Jones, P.J., MacDougall, D.E., Ntanios, F., and Vansone, C.A. 1997. Dietary phytosterols as cholesterol- 
lowering agents in humans. Can. J. Physiol. Pharmacol. 75:217-227. 

Kannel, W.B., Castelli, W.B., and Gordon, T. 1979. Cholesterol in the prediction of atherosclerotic disease. Ann. 
Intern. Med. 90:85-91. 

Lees A.M., Mok H.Y., Lees R.S., McCluskey M.A., and Grundy SM. 1977. Plant sterols as cholesterol- 
lowering agents: clinical trials in patients with hypercholesterolemia and studies of sterol balance. Atheroscler. 
28:325-38. 

Miettenen T.A., and Vanhanen H. 1994. Dietary sitostanol related to absorption, synthesis and serum level of 
cholesterol in different apolipoprotein E phenotypes. Atheroscler. 105:217-26. 

Miettinen, T.A., and Siurala, M. 1971. Z. Klin. Chem. Biochem. 9:47-52 

Miettinen, T.A., Puska, P., Gylling, H., Vanhanen, H., and Vartiainen, E. 1995. Reduction of serum cholesterol 
with sitostanol-ester margarine in a mildly hypercholesterolemic population. N. Engl. J. Med. 333:1308-1312. 

Morton, G.M., Lee, S.M., Buss, D.H., and Lawrance, P. 1995. Intakes and major dietary sources of cholesterol 
and phytosterols in the British diet. J. Human Nutr. Diet. 8:429-440. 

Norton, R.A. 1994. Isolation and identification of steryl cinnarnic acid derivates from corn bran. Cereal. Chem. 
71:111-117. 
Pelletier, X., Belbraodet, S., Mirable, D., Mordret, F., Perrin, J.L., Pages, X., and Debry, G. 1995. A diet 
moderately enriched in phytosterols lowers plasma cholesterol concentrations in normocholesterolemic humans. 
Ann. Nutr. Metab. 39:291-295. 



Pollak, O.J. 1953. Reduction of blood cholesterol in man. Circulation 7:702-706. 

Pooling Research Project Group. 1978. Relationship of blood pressure, serum cholesterol, smoking habit, 
relative weight, and EKG abnormalities to incidence of major coronary events: Final report of the pooling 
project. J. Chron. Dis. 3 1:201-306. 

Schlierf G., Oster P., Heuck CC., Raetzer H., and Schellenberg B. 1978. Sitosterol in juvenile type II 
hyperlipoproteinemia. Atheroscler. 30:245-48. 

Vanhanen H.T., Kajander J., Lehtovitra H., and Miettinen T.A. 1994. Serum levels, absorption efficiency, fecal 
elimination and synthesis of cholesterol during increasing doses of dietary sitostanol esters in 
hypercholesterolemic subjects. Clin. Sci. 87:61-7. 

Vanhanen H.T., and Mietinen T.A. 1992. Effects of unsaturated and saturated dietary plant sterols on their serum 
contents. Clin. Chim. Acta 205:97-107. 

Vanhanen, H.T., Blomquist, S., Ehnholm C., HyvBnen, M., Jauhiainen, M., Torstilla, I., and Miettinen, T.A. 
1993. Serum cholesterol, cholesterol precursors, and plant sterols in hypercholesterolemic subjects with different 
apoE phenotypes during dietary sitostanol ester treatment. J. Lipid Res. 34:1535-1544. 

Weisweiller P., Heinemann V., and Schwandt P. 1984. Serum lipoproteins and lecithin: cholesterol 
Acyltransferase (LCAT) activity in hypercholesterolemic subjects given beta-sitosterol. Int. J. Clin. Pharmacol. 
Therapy Tox. 22:204-6. 

West&ate, J.A., and Meijer, G.W. 1998. Plan sterol-enriched margarines and reduction of plasma total and 
LDL-cholesterol concentrations in normocholesterolaemic and mildly hypercholesterolaemic subjects. Euro. J. 
Clin. Nutr. 52:334-343. 

Wilson, P.W., Castelli, W.P., and Kannel, W.B. 1987. Coronary risk predictions in adults (The Framingham 
Study). Am. J. Cardiol. 59:91G-94G. 



Yang CQ \.Sang S-Z, Zhou R-H, Slrn S-Z. 19PY. Endemic seJcniuIn inloxicalio:1 of 
humans in China. AI~ J Cliv 6~ 37:87?481. 

Yang GQ, Zhu ‘L-Z, Liu S-J, Gu L-E, Qiau P4. Huang J-H. Ia M-D. 1987. lIuluan 
selenium requirements in China. In: Combs GF Jr, Lmvander O-4, Sp;~flhoJz~~, 
Oldfield JE, eds. Sdeniuvt in Uidu~ end .%&-~Jw. New York: .&vi. Pp. 589407. 

Yang GQ Ge K, Chellj, Chen X. ISSS, Selenium-related endemic diseases and the 
daily selenium requirement of humans. Ikdd Rex Xufi Did 55:9&1.X 

yang C-Q Mn S, Zhou R-H, Cu L, k’an B, Liu Y, Liu Y. 19%. Swdies or safe 
maximal daily dietary Se-inrake in B seleniferous arcs in China. [J. Relarion 
between Se-intake and the manifestation of clinical signs and ccl-lain hiochcm- 
ical alterations in blood and urine. J Trnfe ELan Lkrlrdpes NIL.b Di.r 3:123-130. 

Yang C-Q Thou R, Mn S, Cu L, Yan B, Liu V, Iiu Y, L.i X. 1989b. Studies ol safe 
maxinial daily diem? selenium intake in a selcniferous area in China. I, Sele- 
nium inrake and tissue selenium levels of Lhe inhabitan&.] ‘~‘IIKP ,%n Mtrlrcr 
&a H&h Dis S:7747. 

Yang JG, Hill ICE. Burk RF. 1989. Dietaly selenium intake controls rat plasma scle- 
noprotqin P concenWation.J:Vira 119:1010-1012. 

Ywhiza\ha K Willetr WC, Morris SJ, Slampfer MJ, Spiegelman U, Ricnm I%, GO- 
vannucci E. 1999. Study of prediagnostic selenium Imel in toemil; and the 
risk of advAnctld pmscate cawer.J !\%I1 t,ht:nr frlsJ 90:1219--I?24. 

PC - a rotene and Other 
Carotenoids 

&i- Blood conccnCl’ations of carotenoids arc chc best Iliological markers 
$$i..;i -for conwmption of fmits and vegetables. X large body of obwnx- 
*.: 
E>;;.:;- tional epidemiological &dence suggests chat higher blood con- 
&~.~centAons OF @carotene and nther carotenoids abtained from 
$&foods are associated wi:ilh lower risk of several chronic diseases. 
$$g. .‘This evidence, although cons&en& cannot be used to establish a 

ie g%-e-;. q uirement for &carotene or carotenoid intake because the ob- 
gjz,;- served efCct.s may be due lo other substances found in carotcnoid- 
2-K i-ich food, or to other behavioral correlates of increased fruit and 
$2. ti ::. .vegetable consumption. M’hile there is evidence that acarolene is 
&;‘an antioxidant in \;iLro, its importance 10 health is IIOC~~OWI~. The 
$57 .one clear function of certain carotenoids rhat is firmly linked to a 
&-health out&me is, the provitamin A activig of some dietary caro- 
&.:: ‘tenoids (a-carotene, @carotene, and @yptoxanthin) and their 
$$l:. role in the preventioll of Gtarnin .A deficiency. Estabtishmen~ of a g.?.,.. :. 
4.5.. requirement for carocenoids based npon vitamin A -nctivit)- lnusc 
&:~be done in concert widr the evaluation of Dietay Reference In- 
k&;- takes (DRls) for vitamin A, which was not included in this report, 

but will be addressed in a subsequent DR.l report. Although no 
Dms are proposed for p-carotene or orher caroLenoids at the 

--presenL time, existing recommendations for increased consump 
tion of carotenoid-rich fruits and vegetables are supported. Based 

%g? :on &dence hat pcarotene str/+Qlemenls kave noL been shown LO ;~;I~;-: : 
?;:.;.. confer any benetit for the prevention of the major chronic dincases 
&:. and may cause harm in certain subgroups, iL is concluded that @- ::;“; \ ,‘;;;‘: 
+ : . . . carotene supplemenrs are not advisable, other 11~1xl as a proxitinin 
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formation of bile acid micclles. The hj-drocarboo backbolle of . . 
ii 

carolenoick~ makes them insoluble in Tvater, and lil& other non- 
products may occur in viva because + 

ar lipids, the): must bc solubilized wilhin mjcelles in the gas- 
en found upon extraction of cacotenoids from hu- L! 

nt&tiilal tract LO allow for absorption. &IicelIar solubiIird[ion 
illan tisslles (Clinton et al., 1996). Althouglr little attention has been lo 

litate& LiJe diffusion of lipids across the tlnstirred Wa[er layer- 
gi\:eJl to the study of carolenoid escrerion pathways, epoxides and 

: presence of fat in the small intestine stimulates rhe secretion oc 
carotenoid metabolic products with less rhan 15 carboll chain 
‘iengths Ivould presumably have no vitamin A aclivic):. 11 is assumed 

acids from (he gall bladder and improves the absorption of .&at bile and using would be excretion rouCes [or metaboliles (Ol- 
>knoids by increasing tile size and stability of micelles, thus al- 
ing more caiorenoids to be solubilized. The uptake of fl-caro- “: The carotenoida are transporled in blood exclusively by lipopro- 
: by the mucosal cell is believed to occur by pass& d&siou -t&s. The carotenoid content of individual Iipoprotein classes is 
Illander and Kuble, 1978), UpMe by these celh, hotvever, is nor eneous, In the fasted state, the hydrocarbon carofenoids 
icient for absorption to be completed. Once illside the mucos;tl arotene, &carotene, and Iycopene are carried predomi- 
, carotenoids or their metabolic products (e.g., b<talnin ~1 must ow-density lipoprotein. The remaining carotenoidsl in- 
be incorporated into chylomicrons and released into the j>nl- 

lies. When mucosal cek are sloughed off due to cell turno\--er, 
more polar sanlhophylis such as Iucein and zeaxanthin, 

oproteixl (HDL.) and, to a lesser 
.ing their contents inm the lumen of rhe gasuointesrinal tract, protein (Johnson and Russell, 1992; E 
wnoids that h-ave been taken up by the cells but not yet incor- 4). 1~ is thought that &carotene and E 
ltcd into chylomicrons are lost into the lumen (Boileau et al., 
3). 

on carotenoids reside in the hydrophobic core of !I 
s, whereas the more polar xanthophylls reside closer to t! 

: 

ddism, Trampod, and Emdon arolene is rhe most studied carotenoid in terms of metabolism 
heaIch. Lycopene, lutein, zeasanthin, 

wtenoids may be either absorbed intact, or in Ihe case ofchose d increasing atteuGon in recent years. 
essing vitamin A activity, cleaved to form vimmjn A prior CO however, about the relative metabolic 
9ion inlo lymph, Portal tinsport. of carotelloids is minimaI ese caroLenoids. 
to the iipophilic nature of their structures, Some portal trails- 
of more polar nletabolites, such as rerinoic acid, can occur 8 

011, 1999). 6 
rotenoid cleavage is accomplished either by he intestinal mu- rc identified in humall serum and i 
I enzyme f&carotene 15,15’-dioxygenase (EC 1.13.11.21) or by Of these, 13 were geometrical isomers 
:entral cleavage mechanisms (Boileau et aI., 1999; Olson, 1999; ro.1i.s parent structures and 8 were metabolites. This find- w 
er, 1996; Wang, 1994). The extent of conversion of a highly 50 carorenoids that have been idenri- 5 

vailable source of diewy P-carotene to vitamin A in humans more than 600 found in nature, The ? 

leen Show to be between 60 and i5 percent, with an addition- human serum (Khachik et al., 1997b) 71 
i percent of the barotene absorbed intact (Goodman et al., monIy found in the diet: acarotene, i 
>- However, absorption of most carotenoids from foods is con- ng et al., 3997). Cicisomers of lyco- In 
.ably lower and can be as low as 2 percent (Rodriguez and II-- 
1972). The elfccts of tlietaq and nondietary fxtors on the 

JI t.he serum and in fact have been 
titule more than 50 percent of rhe total serum lyco- 

.ency OF carotenoid absorption are reciewed later. al,., 1992). In contrast, rk-isomers of P-carotene are 
ncentral (of ercentric) cleavage of carotenoids yields a wide ss common in serum with the fmn.Asomers king 
c)l of metabolic producu, some of which are fLwther metabo- more ,-OmInon. In addition to these forms of a-carotene, kcaro- 
. These cleavage products in&de aldehyde, acid, alcohol, and tene, IpopeJle, and zea_uanGn are also major S~JIJ~ carotenoids. 
ide deri\:atives (Parker, 1996; Wang, 1994). Isomerization of tjons of various caroienoids in hllman serum and 

1 



woes are highly variable and likely tleprnd on a number of fartors 
lch as food’sources, efficiency of absorption, amount of far in the 
iet, an,d so forth (Table 8-l). 
The serum concenlration of carotenoids after a single dose peaks 
: 24 10’48 hours post dose Uohnson and Russell, 1992). The earjj- 
st postprandial serum appearance of carotenoids is in the chylomi- 
.-on fraction. It has been proposed that the increase in carotenoids 
L the triglyceride-rich -lipoprotein fmctian (primarily chplomi- 
:ons) be used for quantitating carotenoid absorption (van Wiet et 
-*, 1995). This wouId provide a more direct measure of absorpLion 
zcause total Serum carotenoid content is tlot an exclusive measure 
F newly absorbed carotenoids. 
Da& from the Third National Health and Nutrition Examination 
Jrvey (KHA??ES III) demonstrate the variability of normal serul~~ 
lrotenoid concentrations (Appendix Tables F-4 through F-S), This 
rriability is attributed to a variety of life-sryle and physiological fac- 
ws. In a recent population-based study, B’mdy et al. ‘(1996) report- 
1 that lower serum concentrations of a-carotene, barotene, p- 
yptosanthin, Iutein, and zeaxanthin, but not lycopene, were 
znerally associated with male gender, smoking, younger age, lower 
Dn-HDL cholesterol, greater ethanol consumption, and higher 
3dy mass index. 
The delivery of carotenoids to extrahepatic tissue is accomplished 
trough the interaction of lipoprotein particles with receptors and 
le degradation of lipoproteins by estrahepatic enzymes such as 
3oprotein lipase. Carotenoids are present in a number of human 
islIes including adipose, liver, kidney, and adrenal, but adipose 
;sue and Iiver appear to be the main storage sites (Parker, 1996). 
owever, based on a wet tissue weight, the liver, adrenal gland, and 
stes contain the highest pergram concentrations (Stahl et al., 
192). Similar to what is reported in serum, barotene, Intein, and 
copcne are the main tissue carorenoids, allhough u-carotene, k 
yptouanthin, and zeaxanthin are also present (Boileau el al.+ 
199). In contrast to serum profiles, 9-&p-carotene is consistentl>j 
mesent in storage tissues. In both serum and tissue storage, Iyco- 
:ne &isomers constitute greater than 50 percent of the total lyco- 
:ne present (Clinton et al., 1996; Stahl et al., 1992) I 

Clinicnl Eflkts of hndeqrcnte Intake 
If adequate retinol is provided in the diet, there are no known 
inical effects of consuming diets low in carotenes over the short 
ml. One study of premenopa~wl women consuming Iow-carotene 

F,.,yiets in a metabol ic ward reported skin lesions (Burri et al., 1993). 
&?$Io~ceyer, this effect was not obsemed after 60 days of depletion in a 
&&bsrcIuent @arotene depletion study by the same group of inwsti- 
%$$d[Ors (Lin et al., 1998). These studies of carotene-deficient diets 
&&re reported to increase various measures of oridarive susceptibii- 

$T& (Dison et al., 1994, 1998; Lin et al., 199S), but as discussed kc- 
@+, [his is of uncertain relevance with regard to clinical outcomes. 

$<.f. 
i~~j$ECTION OF P0SSlBI.E INDICATORS FOR ESTIMATING 
p- ,.. .THE REQUIREMENT FOR ~CAROTENE AND OTHER F;...‘- z-:-. CAROTEKOIDS ., F:.,-. .-.. 
g::‘.. cgs :: z : VitanrJ~z A EpiualmLy 
r:. --. 
$C‘Vitamin A ecpGvalency is a possible indic.ator for establishing re- 

,&$uirements for provitamin X carotenoids. However, any such cs- 
!g? -;-; ,, fablishment of requirements for carotenoids based on vitamin h 
@$ctiviicy must be considered in concert with the evaluation of re- 

!&.Grements for \itamin A. This inf‘ormaiiou will be presented in a 
Zlater Dietar)- Keference Intakes report. 
g : 
G<. .: 
p:, 
i& ‘. :%fa.dwrs of Aniioxidant Aduity 
,I ;.-;..- 
$$-.:.Tlle effect of increasing pcarotene intake on several markers of 
~%doxidant activiv has been investigated in a series of studies in- 
‘@plying humans. These studies have examined antioxidant marker 

,Z$&tivity in apparcntty healthy men and women as well as iI; subjects 
~$$~o were physiologically challenged (Le., smokers and paclents it-ith 

@?ronav disease or cystic iibrosis), 
i:::!: Studies of the effect of pcarotene intake on measures of antioxi- 
i%‘dant 

$f.yf-:.. 
acticify are .summarizetl in Table 8-Z. The dietary source of p- 

+;+arotene ranged from modification of diets with normally consumed 
$$oods to giving supplements that provided as much as I20 mg/da) 
$$f a highly bioavailable preparation. In general, subjecIs in most 
$$$mdies consumed p-carotene in amounts that would be difXcult to 
gzi$<hie\-e froJn foods alone and, as a result, relate to the pharmaco- 

!ogical range of inUkes. 
‘I.-The findings reported in Table 8-2 indicate that p-carotene sup- 

$$&ment&on @;! i-:- did not alter, or inconsistently alter, markers of anti- 
+,?,,~xidant a&iv, which were somewhat dependent on p-carotene 
$$$take. In studies in which subjects were fed less than 23 mg/day of 
&,.&c arotene, either from foods or as a supplement, changes i!, the 
&.;-..Farkers for antioxidant activity were minimal. Exceptions noted 



hrolene 

opene 

i).Oi5-10.8 
(0.04~5.d pg/g 

0.39-19.4 
(0.21-6.3 JI~/,P) 

0.037-20.0 
(0.05-I 1 .O )ig.:gj 

(I.1 o-3.0 
(0.06-G.9 pg/.g) 

0.20-I 7.2 
(0.11-I 1.1 IIg/aj 

re decreased deoxyribonucleic acid strand breaks ohseryed \&en 
mg/‘day oC &carotene was administered as carrot juice (Pool- 

bel el al., 1997) and lowered copper-induced oxidation of low- 
nsity lipoprotein when 12 or 24 mg/da): of P-carotene was given 
ng with vitamins C and E (Mosca et al., 1997). As shown in Table 
f feeding kcarotene in amounts greater than 25 rug/day gener- 
: resulted in inconsistent responses of the biological markers 
Iuitorcd. Administration of pcarotene to subjecti with increasctl 
dative stms (e.g., smoking, cystic fibrosis) was associated with 
sre consistent evidence of decreased lipid peroxidation compared 
stndies in which subjects without known additional oxidatiw 
$55 were given &carotene. In studies that involved depletion fol- 
Fed by repletion of body stores of Pcarotene, as indicated bv 
sma concentrations, the biological markers that were ncgafiveli 
x-ed as a result of depIe[ed barlg stores of pcarotene were re- 
red LO baseline values as’s conxeiuence of repletion (Table 5-2). 
I summary, results from some studies sholq improvement of mea- 
es of autiorridant activity due to inlAke of relatively high ieveh of 
wotene, whiie studies that investigated low to modest fevels of k 
otene show no or inconsistent changes in the same activiries. 

0.1-1.0 
(0.0%0.54 )lg/g) 

0.bI.6 
(O.i!3-0% pg/@ 

0.1~2.5 
(0.05-1.1 pg/g) 

0.1-2.3 
(0.0.5-1 .s pg/@ 

0.1-I.@ 
(0.0.5-2.3 pg/g! 

&&ne benefit of feeding increased amounts of p-carotene was ob- 
$.semed for several markers of antioxidant activity when body stores 
,9: :.?i&ere relatively low or when an oxidant-type stress was present. These 
:>$bsen;ations suggest that the lack of effect in some studies ma); be 

&$lue to study populations whose baseline p-carotene status was al- 
!&ready adequate. Nevertheless, current data do not provide convinc- 

%ing evidence that substantially increasing p-carotene inlake above 
&urrent dietary intakes has a significant effect on measures of anti- 

&~~S&idant status: Also, none of these markers has been validated to be 
$$;$predicdve of any known health outcomes, Therefore, these data are 
gz;:.nadeqoate for the estimation of a requiremen for p-carotene. 

G@ Junchal Corn?nztnicalio?z 

among cells is essential for l.he coor- 
in complex, muldcelIular organ- 

One theory suggests that failure of signaling is one cause of 
cancer. Two research groups have 
stimulate gap junction communica- 

vitro (Sies and Stahl, 1997; Zhang ct al., 1991). 



Richards et al., 
1990 
South ,%[rica 

Nobarhan rc al., 
1990; Gottlicb 
et al., 1993 
Unired States 

tin Poppel et al.. 
1992a, 1992b, 

113 male smokers, a\-eraye 

1995 
age 39 y; randomly 

Holland 
assigned zo placebo oc 
tl’C;hlment 

38 male nonsmokers, 2.5 male 
cnokcrs, aged 2#-73 y: 
randomly assigned to 
placebo or Lremt:enL 

40 snrokcrs, average age.33 f; 
received placebo and 
40 received wcatment 

15 heafllry melt. aged 
t9-30 )‘; randomly 
assigned reylelion Icvels 

Carotene-free diet 
Cdepletinn); 

Replerioo: 15 ma/d 
I20 Ing/d, Roche 
Prep 

15 rng/d, Hoche prep 

100 mp’d load dose; 
1~alIll-A~ ttralinen6, 
66 or 100 mg/2d; 
sywhctic Creatmcnt, 
30 II@ d 

0.4 mg;l;g R\\“‘/d. 
3M .\ledic;t, Ltd. 

Plasma p-CaroLrnc 
tjJtmrJw-) 

Baseline--Cl.50 
(27 pg/dIJ 

Yindings 

So ch;rnse in leukocyte sisrer 
chronutid cschangc 

d Rreath pcntane On 120 mg/d 
Ofll& 

J, Serum lipid peroxide IrWls, 
burl1 rcplc\ion levels 

’ Br+arh pcntane in smokcrS 
zo change in breath penr2r.e in 

nonsnwhern 
30 changr in brea~ll ethane. 

RBCq MD.-\{ or pla?;ma Se- 
CSIIPsig in either groilp 

: t . t-n!! /ix Id 



Iininger. et al., 
lS9i 
France 

11 healthy men and 
I1 females. aged 25-45 y: 
11 smokers arld 1 I 
nonsmokers 

Iosca et al., 1997 
United States 

Coronas artery disease 
patienti; 39 men and 
6 women, aged 39-W y 

Lr .opper-induced LDL oxidation 

ooldobel et al., 
1997 
German\ 

4 US.4 strand breaks (C;OMET) 
and oxidized prrimidine bases 
in lymphocytes 

So difference in lymphoqte DSX 
adducts between high and !OW 
plasma pcarotene groups 

??I !vzdhhy men, aged 27-40 1 Low carotenoid 
depletion food diet: 
follotved by 22 trig/d 
as carrot juice 

From Goods; 
subjects grouped 
by pfasma le\cls 

bng et al., 1997 
Japan 

192 bcalthy men; nonsmokers 
and smokers, aged 18-38 y 

0.56 (29.8 pg/dL> 
a~ criteria for 
establishing 
l~igh/lrnv intake 

Basehne--0.76 
(40.2 pg/dL) 

Depletion-o.%3 
(li.5 pgidl) 

Rcp!eBon-1.73 
(91.5 pg/dL) 

Baseline--U.OB 
(4.8 pg/m 

12 wli-U.60 
(31.i &dL) 

Btieline-O.43 
(12.3 11g/dLl 

Trt--1.21 

ison et al.. 1998; 
Lin et al.. 1999 

9 healthy v;cm~r’n, 

Vnitcd States 
premenopausil. 
ayed I&% y 

DepleGon 7 plasma MDA and LDL 
oxidation rate (carbon!1 
production). 

RepleLion 4 LDL osidation rate 
below baseline 

5 0.3 me/d as dieL or 
dirt t sma!l 
supplrnlenC fool 
depletion; repletion 
X.7 tng/d, Rochc prep 

xt et a!., 199s : 
Auslrilc 

23 CF patients and 
14 age-matched healthy 
children, average age 12.8 y 

1 Bteatb penlane, LDL oxidation 
X0 chauy&in plasma toral 
peroxyl radical trapping 

ejnbcrg and 
Chait, 199,~ 
United Stares 

8 men and 1‘2 women who 
smoked were in Trt group; 
iNerd& age 29 !’ 

Conversion factor wed for p-carotene = pmol.i’L i 0.01863 = &dL. 
nl-.-, - . . . . ..----. 

i SOD = stperoxide dismutaee. 
j (;S!X = erythroqte osidi& gturarhiane. 
k LDI, = lo~vdert&tv lipoprotein. 
1 AAPH = 2,?‘-arob’js[Z-amjdinopl-op~nc] djh!drochloride. 
m CF = t-ystic tibrosis. 
R l3W = body weight. 

c S-OsodG = &su-7,8dih~dr~Z’denu!-~ranosjce. 
r X’s = nonsmokers. 
d S = moken. 
‘RBC = red blood cell. 
‘MDA = tnalondialdehyde. 

; 
’ Se-GSHPx = selrnium glut&ione perosidase. 
* TRAM = LhiobarbiIrlric acid rc-sctivr: sub;~tw~ccs. 

I 



It js uot knqwn wllether the parent carotenoidr or their metabolizes 
are the actife factors (Hanusch et al., 1995), nor is it known whether 
carotenoids influence this communication process in \iuo. More 
study is needed to ascertain whether carolenoids play a direct role 
in cellxell communication and, iC so, what healrh outcomes are 
influenced by Lhis action. 

There has been great intercsc in the potendal role of carotenoids 
n enhancement of lhe immune response. Children with vitamin ,4 
ieficiency suffer from compromised immctniv and have dificulw 
xotecling themselws from infections. Jr is important lo remembe;, 
lowever, that studies conducted wirh prociramin A carotenoids may 
,ield results that are atlributable to the conversion of carotenoids & 
itan+n A or other retinoids. not tr, the effects 01 the intact care- 
enoid. 
Santos et al, (1996) showed that long-term pcarotene supplemen- 

alion enhanced natural killer cell acti+ in men 65 to 86 years of 
ge, but not in men 51 to 61 years of age; enhancelnent by pcaro- 
sne in this age group was confirmed in a subsequent studv (Santos 
t al., 1998). Hughes et al, (1997) evaluated mechanisms ‘by which 
-carotene might enable immune cells to act more eficiently. Sub 
!cts were supplemented for 26 days with either 15 mg of pcarotene 
r a placebo, Subjects receiving the p-carotene treatment had 
icreases in expression of adhesion molecules by monocytes, in cx 
vo secretion of tumor necrosis Factor-c)l, and in the percenLage of 
lonocyces expressing major histocompatibiliry complex II, a cell 
lrface molecule responsible for presenting antigen to T-helper 
rlk 
Other immunological effects that carotenoids are reported to in- 
.ease are lymphocyte response to mitogens (Kramer and Burri, 
197) and total white blood cells and helper T cells in human im- 
unodeficiency virus-iniecied humans (Coodley et al., 1993). 
hether these and the other effects nored are specific fo caro- 
noids and are imporranr in over-al1 immuniy is no1 confirmed. 
lerefore the usefulness of these as markers for disease has ye1 lo 
: established. 

Rehhmsi~ifi of Caromoid Jttfaka to Chronic Disease 

i vast number of observational studies, including borh case-con- 
)1 and cohort studies, of carotenoids and chronic disease risk ha\ e 

_ . . . _-- . . . L. .~ .._, __,*-^L -,._.-.... L-.-.-d 333 

gpg, 
gs+Been conducted. Many of the studies are based upon estimated 
:$&;&~ke of carotenoids in the diet, while many include biochemical 
$&2l&ation of’ carotenoid concenlra(ions in blood. Because Ihe di- 

?&-q- intizkc data are genrraHp obtained via food frequency ques- 
&onnaires, they do not provide quantitalive estimates of carotenoid 
&take, but rather allow for relative ranking of carotenoid inLakes 
<&ithin a population. The blood concentralion data, however, are 
&MX~ quantitative and generally more comparable across studies. 

FE3;? p ros ective blood carotenoid concentration studies may be par- 
;!.+pcularly informative because blood samples are generally obtained 
+e\reral years prior to the clinical detection of disease, Thus, for the 

@n&d 
of evaluating the association between quantitative caro- 

exposure and risk of chronic disease, the prospective blood 
$&nccntition studies are most useful and are gi\*en the greatest 
$@ight in the analysis that follow. The studies in which food intakes 
Z$&e the basis for evaluating risk of disease are less meful due CO the 
$$herenL problems in adequately estimating carotenoid intake. 
i$hese stttdies, however, may give support to the overall evaluation 
S$ the role of carotenoids in chronic disearc. The ~oilowing section 
‘i$,riefly sum marizes some key research findings From observational 
;$udies of the relation-ship behveeu carotenoids and chronic disease 
$sk, 

:- 
!sj Greenberg et al. (1996) obtained blood samples from 1,168 meu 
&and 532 women enrolled in a skin cancer prevention trial and ex- ?i:y. 
:ja.tiined the relationship between plasma barotene concentrations 
<:gi entq and subsequent mortalily over a median follow-up period 
i$f 8.2 years (Table 83). P ersons in the lowest quartiIe of plasma b 
&&otene 
$? 

had a significant increa-w in rheir risk of dying compared 
those v.9.h higher plasma concentrations of p-carotene. The ad- 

$&ted relative risk was lowest for persons with plasma p-carotene 
Kkoncentrations in the range of 0.34 to 0.53 pmol/L (18 co 28 pg/ 

%?“dL\ (auarlile 3). with a risk reduction (compared 10 the lowest , ~ 
$~uartile) of 43 percent for total deaths, 43 percent Par cardiovascu- 
$‘Igr disease deaths, and 51 percent for cancer deaths. The relative 
i:-risk for overall mortality was 38 percent lower for persons who had 

carotene concenwtions in the highest quartile compared 
$$$:I$0 the lowest quartile (relative risk [RR] = 0.62* 95 percent confi- 
-&::dence interval [CX] = 0.44-0.87). Thus, these results suggest that 
$?%:I’ &f$..:,P laska parotene concentiations in the range of 0.34 to 0.53 p~i~ol/ 
3;: .L, (18 to 28 pg/dL) are associated r4th the lowest risk of all-carrse L 

r 



Japanese men 

U.S. men and women 

WWITb cohort men 

Batieha et al.. I(293 C.S. women 
EDCCSC. 1993 U.S. men and women 
Eichholzer et al., 1992; Gey cl al., 1993b 

5 hWcntr;lIion in the quar-ri!e(‘qu~nlilc where the kisk reduction wds of the 
maynirude. For studies that only reporl mean 01 median conccntralions in the 
and dixwe-free groups, the concenwation is Ihe levpl in the group rh:t~ 
ofdiwxsc. St Convekon facror used for &caroccnc and total rarcxenoids = O.OlY&% L-: __: 
<IL. IO ~:wol/I., wirh tbc exception of Greenberg et al., 1996. . . ..-. 

mortality in U.S. aduits. Note that these blood concentrations 
nect le&ls in rhe absence of supplementation with 
Lois prospective study emphasizes the invel-se nxwcialion 
carotene-rich roods and the risk of Al-cause mortality. 

Anolher whorl study of carotenoids and mortality 

dietary intake 01 total carotenoids and plasnw concentrations of $ 

Total Carotenoid 
Concentration (pmOl/L)’ 

(%d~XCt 

Angina 

Tor.4 cancers 
l.~og cancer 

(:enical taxer 

\lacrtlar degeacration 

Ischerrlic heart disease 

Oroplraq~ngcal caocrv 

C:llD’ 

Macular degcneralion 

Cmrer nrorcalicy 
(:H I) morralil! 
All umber causer, raorralily 

llrtima-media thickness 
trAma-media \hickncsh 

a.54 (29 pg/dL) 

20.54 (29 klg/dLI 

zo.!H (12 pg/dL!” 

o..v-03 (. 18-23 
pgid1.) 

total carotenoids as predictors of mortality (SahToun et al., 1996). 
Results irlrlicated chat mortality from cancer and all causes other 
than cownar); heart disease (CHD) was io~est at a plasma concen- 
tration of 3.13 pm&% (168 lg/dL) total carotenoids 6’: grealer; 
rnorcali[y from CHD was lowest at plasma conccntra~ians of 1.73 10 

3.13 I~m’~I/L (93 to 1623 &tlL). Overall mortalitp!was lowesC:at 



CM!; carotenoid intake levels of 8.6 mg/day (KR = 0.68 comparcrj 
those con Waling 1.1 mg/clay of carocenoids) . 

In the Western Electric cohorL study, allcause mortali& was lcn+ 
t for r&n who consumed the highest rcr~ile of dietarv barotene 
k,R = 0.80 for more than 4.1 mg/day of p-carotene verks less thall 
9 n\g/cta)t of barotene; k for trend = 0.01) (Pandcy et al., 1993). 
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Rccause there are literally hundreds of studies ofcarotenojds and 
ricer risk, this section emphasizes the results of epidemiological 
.ldies of all cancers combined, studies of carotenoids and lutlg 
ricer,, and a few other selected tumor sites for which all iljr-er?;e 
sociation will1 carorenoids is commonly seen. 

Ob~m~alionnl Efk-hiologiml Shdk ‘Ike Base1 Prospectiw Study 
alualecl the reIationship between plasma carotene concentrdtiolls 
blood samples obtained in 1971-1973 and subsequent cancer 

3rtality up to 19% (Stahelin et al., 1991), Results showed [hat 
IWYIS who went on to develop any cancer had significanllv lorver 
ediagnostic carotene concentrations than persons who r&ained 
ye and free of cancer in I985 (mean plasma toral carotenoid 
ncentwtion 0.34 tm~ol/I. [I 8 pg/dL] in those wit11 cancer versus 
f3 ptnol/L [23 pg/dL] in those free of cancer). The authors stare 
it the reported carotene wlucs represent approximat& 80 per- 
TIC Pcarolene and 20 percent a-carotene; thus, plasma Garotene 
ncentrations of approximately 0.34 pmol/L (0.43 pmol/L x 0.8) 
3 pg/dL 123 llg/dL x 0.81) were typical for the suwiwrs of this 
hart. This concentration is within the range associated with lower 
k elsewhere as shown in Table 8-3. 
Numerous epidemiological stuclies have ahown that individuals 
o consume a relativeIg large quantity of carotenoid-rich fruits 
d vegetabIes have a lower risk of cancer at several tumor sites 
lock et al., 1992). The consistence of the results from obsend- 
nal studies is particularly stxiking’for lung cancer, where caro- 
loid and fruit and vegetable intake has been associated with low 
lung cancer risk in 8 of 8 prospective studies and 18 of 20 
respective srudies reviewed (Ziegler et al,, 1996b). 
‘ocusing on prospecrivc blood analyses studies, the study with Ihe 
gest number of cases (.n = 99) WRS rcportcci by Menkes eL al- 
186) as part of the \\-‘ashington County, Mar)rland, cohort. The 
c of lung cancer increased in a linear fashion wirh decreasing 
um concentrations of P-carotene, with the greatest risk at the 

utpoint not stated). The mean concentration of ; 
in persons who subsequently developed lung can- ; 
l/L (25 lqg/dL), compared to 0.54 ymol/l. (29 
who remained free of disease. 

i 

spective study of 6,8t% men 
bsequently developed lung 

cancer had lower serum p- 
f20 pg/dLl) than control 

imilar results were reported 
Men who later developed lung can- 

serum concentrations of 0.30 
versus 0.43 pmol/L (23 pg/dL) in survivors 

Risk Factor Inten.ention Trial 
y had prediagnostic serologic da& on tj6 lung 
control subjects (Connert et al., 1969). Lung 

tene concentrations (mean of 
rotenoid concentrations (1.62 E 

compared to the control subjects (0.22 pmol/ El! 
4 pmol/L [99 \lg/dL)), respectively. The ab- 

carotenoid concentrations in this study are lower than those 
II 

5,whic.h may be a consequence of long-term ! 
-50X, rather than at -70°C or colder as is 

ority of the studies of carotenoids 
the U.S. Department of Agri- 

se for Stindard Reference, Release 
aces of the amount of caroterloidj 

s food items, but simply contains estimates of provitamin A 5 
111 the release of a new carotenoid database in 1993 (Mangels t; 

elating consumption of individual h r 
c now available. Lc Marchand et 
intake of a-carotene, karotene, 8 
ed with lower lung cancer risk in P 

vels of intake for each of these # 

canxene more than 4.0 mg/day -u 
more than 4.4 mg/day for women; cc-carotene more ;P 
day for men and more than 0.7 mg/day for women; G 
ore than 3.3 mg/day for both males and females. 
1996a) also found significant inverse trends for dieran 

ne and a marginally significant effect for Iutein and 
Optimal levels in this sn~dy 

mgiday; a-carotene more th-nn 
and lutein and zeaxanthin more than 4.2 mg/day. . 



Xs reviewed elsewhere, retrospective and prospective cpidetnio. 
~gical studi& of diet and serum carotenoids strongly indicate tbal 
rcater cons~unptiou of fruits, Iegetables, and carotcnoids is inverse. 
: assotiiated with risk of cancers of the oral cavity, phaqns. and 
qn?r (Maye, 1996; Mayne and Goodwin, 1993) I In a review (Block 
t al., 1992)‘ IS of 13 studies indicated that fruit and vcgcrabIe 
Itake was *associated with reduced risk of cancers of’ the oral cavity, 
hary-nx, and larynx. ,+ for prospective serologic studies, Zheng et 
1. (1993) conducted a nested case-control srudy of serum micronu- 
-ien& and subsequent risk of oral and phaygeai cancer. Blood 
lmpfes were collected and stored in 1974 from a cohort of2.5,802 
dolts in hfaryland. Over the next 1 j years, 28 individuals devel- 
ped oral or pharyngeal cancer. Serum analyses indicated that pre- 
iagnostic sernm coricenwations of all the major indit-idual care- 
maids, particularly /3-carotene, were lower among the ca.se group 
Ian among control subjects selected from the same cohort. &Caro- 
!ne concentralions in persons who later developed- these cancers 
ere 0.21 pnol/L (11 pg/dL) versus 0.28 ~~mol/L (15 pg/dL) in 
>ntroi subjects (mean; p= 0.03). Adjustment for smoking, which is 
nown to be associated with lower serum carotenoid concentrations, 
:tenuated the protective association slightly. The unadjusted and 
jjusted relative odds of oral or pharyngeal cancer, comparing the 
pper tertile of serum P-carotene concentrations (cutpoint not giv- 
1) versus the lower terLile, were 050 and 0.69, respectively. 
One recent prospective cohort study (Giovannucci et al.: 199.5) 
valuated 41,894 participants in the Health Professionals Follow~p 
:udy, 512 of whom were diagnosed with prostate cancer during the 
year follow-up. Intake of tonlato-based foods (tomato sauce, toma- 
{es, and pizza-but not tomalo juice) and lycopene, which is found 
redominanrly in tolnato products, \\as associated with significantl~~ 
wet prostate cancer risk. Risk was lowest for those who were esti- 
.ated to consume more than 6.46 mg/da): of lycopene. The lack of 
isociation for tomato juice may reflect the fact that lycopene is 
.ore biowailabie from processed tomato products than from fresh 
amaloes (Gartner ct al., 1997). 
A prospective study of serum micronutrients and prostate cancer 
.Japanese men in Hawaii, however, found no difference in pre- 
agnostic serum lycopene concentralions in 142 cases versus 142 
arched control subjects (Nomura et al.; 1997). The lack of effect 
en in this study could possibly relate to the fact that serum @‘co- 
:ne concentrations were relatively lowin this population (median 
23 ymol/L [ 13 pg/dLJ), This is likely a consequence of the fact 

In&rwnlion Trials. Three major double-blind, randomized inter- 
been conducted using high-dose barotene sup- 

or in combination with other agents, in an 
protective role in the development of lung 

of these studies was there any e\-idence of 



, 

I;.S. physicians reported no sign&ant effect of 12 years of supple- 
mwlation $f barotene (50 rng every olhcr day) on cancer or to(a[ 
morta!ihy (Hennekcns et al., 1996). 

Szrmn~a~y. Higher consumption of carotennid-containing fruih 
and tsegetables and higher plasma concentrations of sever41 cato- 
:enoids, including karotene, are associated with a lower risk of 
man): different cancers, especially lung, oral cab-ity, pharyngeal 
.aqmgeal, and ten-ical ca.ncers. These prospective blood concentral 
Lion studies show that P-carotene concentrations in the ranac of 
I.28 ilmol/L (15 \lg/dL) or less are associated with higher rEk of 
aany cancers (Table 8-3), whereas concentralions greater than 0.28 
:o 0.37 ymol/L (J5 to 20 pg/dL) are associated with reduced risk of 
nany cancers. This approximate threshold fbr cancer risk reduction 
s concordant with that for the prevenLion of all-cause mormlitv, 
#en above. Furthermore, these srudies show that incremed co;: 
;umption of foods containing these carotenoids, including car* 
.enoids lacking vitamin A activity, is associated w+h risk reduction. 
-lowever, in three large randomized clinical trials using high-dose 
!-carotene supplements (20 or 30 mg/day or 50 mg given even 
Ither day) for 4 LO 12 years, no protection was reported with respec; 
o lung cancer, or any other cancer. 

Timiio~ast-ula-ruh- Disease 

Epidemiological studies, including descriptive, cohort, and case- 
:ontroI studies, suggest that carotenoid- and pcarotene-rich diels 
Ire associated with a reduced risk of cardiowscular disease (Gaziano 
:nd Hennekens, 1993; Kohlmeier and Hastings, 1995; Manson et 
.I., 1993). Beginning with biochemical epidemiological studies OF 
Aasma carotenoids, Gey et al. (I993a) reported data from the Vira- 
nin Subsludy of the Nrorld Health Organization’s Monitoring 
:ardioVascnlar (WHO/MONICA) ProjecE, in which plasma was 
tbtained from approximately 100 apparentlv healthy men from 
ach of 16 study sites within Europe. X comp&on between median 
tlasma barotcnc concentrations and ischemic heart disease mor- 
ality revealed no association when all 16 study sites were consid- 
red ( tz = 0.04), However, a reasonably strong inverse association 
ias evident o2 = 0.50) when rhree siudy sites, all apparent outlieo 
and all Finnish sites), were excluded from the anaIysis. 
Men in rhe Easel Prospective Study, who had low blood concen- 

rations of P-carotene and vitamin C initially and who were followed 
x 12 years, had a significantly higher risk’of subsequent ischemic 

&$2) 
$;&I 

(Eichholz.er eL al,, 1992; Gey et al., J993b). Based upon these 
other data, GeJp et al. (1993a) proposed that more than 0.4 to 

$g-T( i6 LO 2 I pg/dL) p- carotene is needed LO reduce the risk of ts- 
k@j&iC liearr disease. 

$$~otal serum carotenoids, measured af baseline in the placebo 
&$oup of the Lipid Research Clinics Coronav Primary Prevention 
$$&I, \vere inversely related to subsequent coronary heart disease 
$:&en& (;Ciorris et al., 1994). Men in rhe highest quartile of total 
‘&tilrn carotenoids (more than 3.16 ~nwl/I, [ I72 pg/dL]) had an 
$@justed relative risk of 0.64 (95 percent CI = 0.44-0.92); among 
glhose who never smoked, the relative risk was 0.28 (95 percent CI = 
$:&I l-0.73). Kiemersma et al. (1991) reported that persons with plas- 
$&-~a -carotene concentradons in the iowest quintile (less than 0.26 
$&01/l. (14 llg/dL]) had 2.64 times the risk of angina pectoris. 
$&Ijustment for smoking reduced the magnitude of risk. Howe\*er, 
&&use smoking may be part of the causal path, adjustment may 

art disease (RR = 1.96; p = 0.022) and stroke (RR = 4.17; p = 

%-urn&/L (21 10 57 pg/dL) a-plus carotene Fr 0.3 to 0.-4-pnl_ol/ 

i he amxoDriate. ,sy-- -- ..‘.I. L 
--g-yThe U.S. Health Professionals Follow-up Study oTover 39,000 men 
@&ported a relative risk for coronary heart disease of 0.71 (95 per- ,.=-.; ‘i;:...: 

g;;cent Cl = O.Z-0.92) for those at the top quintile of total carotene 
,,$ihake relative to the lowest quintile of intake (Rimm et al., 1993), 
@&he effect of barotene varied by smoking status: among current 
%&mokers, the relative risk was 0.30 (95 percent CI = 0.11-0.82); 
,-$&nong former smoke.rs, the risk was 0.60 (95 percent CI = 0.38- 
$$:0.94), and anlong nonsmokers, the risk was 1.09 (93 percent CI = L 
$$0~66-1.79). A prospective cohort study of postmenopausal women 
@$i.Joynd that the lowest risk of coronary hearr discdse wa5 found for 
Z&lietary carotenoid intakes greater than 8,857 lU/day (RR = 0.77; p 
g;s;.NS) (Kushi et al., 1996). A casecontrol study in 10 European 
c$countries found that lycopene concentrations, but not other caro- 
@:<&ioid concentrations, in adipose tissue were inversely associated 
$@~+h the risk of myocardiai infarction (Kohlmeier et al., 199’i), 
gj Cardiovascular epidemiology studies are now pursuing the use of 
$$$erme&ate endpoints, such as intima-media thickness, which can 

&$!b.e estimated via ultrasonography as a measure of alherosclerosis. 
@& ,Bonit~lon-Kopp et al. (1997) reported a decrease in the inlinra-me- 
g?j:&a thickness of the common carotid arteries with increasing con- 
i-~.~i:--lcentrations of total plasma caroLcnoids in both men and women. 
$?~ Plasma carotenoid concentrations in excess of 2.0’7 pmol/L (111 

&,--pg/dL) were optimal for men. * concentrations in excess of 3.73 
k$;;~ pmol/L (200 Ilg/dL) were optimal for women. Salonen et al. (1993) 



, 

evaluated tl~c change in the intima-media thickness as a meaJure o~ 
atherosclerbtic progression and reported that progr&sion was 92 
percent greater in the lowest (lewthan or equal to 0.27 pinol/L [ 14 
+g/dK.]) versus the highest (more than or equal to 0.64 @01/L ~34 
ilg/dL]) quartile oE plasma p-carotene. 

Dietary cz&otcnoids have been suggested LO decrease the Ask of 
sge-related macular dcgelleration.(AhlD), the most comn;lofi cause 
sf irreversible blindness in people over age 63 in the United Srdtes, 
Canada, and Europe (Seddon et al., 1994; Snodderly, 1995). The 
macula lutea (macula) is a bright yellow spot in the ,cen&r of the 
retina and is specialized and functions to maintain,acute cent& 
&ion. Of all the carocenoids circulating in the body, onIy &so polar 
species, lutein and zeaxanthin, are contained in the macula (Bone 
zt al., 1985; Handelman et al., 1968). Two groups of investigators 
save suggestetl pathways by which these two carotenoids are bio- 
chemically interchanged in the macula (Bone et al., 1993; Khachik 
2 al., 1997a). 

The potential role of carotenoids in the prevention of AMD has 
3een comprehensively reviewed (Snodderly, 1995). Seddon, et al. 
(1994) analyed the association between carotenoid intake atid ad- 
,anced AMD in a large, mullicenter, case-control study involving 
356 cases and 520 control subjects with other ocular conditions. 
I%ose iu the highest quintilc of dietary carorenoid intake had a 43 
3ercenr Iolver risk for macular degeneration compared with those 
:n the Jowest (OR = 0.57; 95 percenr CI = 0.35-0.92). Among the 
specific carotenoids, intake of’ lutein and zeaxanthin (grouped in 
:he carotenoid food composition database) was moststrongly arsoci- 
kled with decreased risk. Those in the highesr quintiic of intake had 
t 60 percent lower risk compared LO Lhe lowest quintile of inlake. 

Some, but not all, studies using blood caratenoid concentrations 
also suggest protective effects against risk of AMD. The Eye Disease 
Zase-Control Study (EDCCSG, 1993) measured serum carotenoids 
n 391 cases with neovascular AMD and 577 control subjects. The 
itudy reported protective effects of total carotcnoids, a-carotene, k 
zarotene, @t-yptoxanthin, and lutein and zeaxanthin, wit’h odds 
-alias ranging from 0.3 to 0.5 for the high group (more than the 
Gghtielh percentile) versus the low group (less tllall the twentieth 
>ercentife). Carotenoid concentraiions associated with Lhe lowest 
-isk al-e sl-row~ in Table 8-4. 

“,.‘,;. 

&@BLE 8-1 Example of Plasma Carotcnoid Concentrations 
&$sociated \vith Lowest Risk of Age-Related hlacular 

?Jjegei!eration 
, &$ . . . >:. CaroLenoids ConcenIraIions (I~mol!L)” 

p- 
g:$ . . . Total cat-ownoids 8.39 (128 pp/dL) 

.z-.; aCara?ene 20.19 (10 vg,idI-) 

A;: 
/3Xarotene 10.7-A (40 pg/dL) 

‘i :... &Cryposanthin 20.32 (18 &dL) 
.‘:; $z;. Lutein and zeaxanthin 200.67 (38 &dL) 
$2.. 
7:; Lycopcne LO.61 (33 pg/dL) 
.~ 
‘< . : a SI conversion factor uwd for total caroteniods, a- and barotene, and I!-COJXIW = . . 
s”n1fl6.T w/dl. LC) pmol,/L; for blyposanthin = O.OA809; and fctr Lurein and was-aochin 

,: EDCCSG (1W)s). 

?:..hIares-Perlman et al. (1994) examined the association between 
rzmtenoid -_-. concentrations and age-related maculopathy in 

-COI ntrol pairs and reported no association for any of the 
i------- lids except lycopene, with persons in the lowest quinlile of 
iicopene having a doubling in risk of maculopathy (cutpoint not 
-<&ted), West et al. (1994) examined the relationship between pias- 

,5$.a @carotene concentration and AMD in 226 subjects and found 
@Q&e risk was lowest for the highest quartile of plasma kcarotene 
%$@nore than 0.88 pmol/L [47 pg/dL]) (OR high quartile versus low 

&;0.62). Plasma lutein and zeaxanthin were not measured in this 
p~tid,,. 
S$:jIamlnond and Fuld (1992) developed an optical syslem that, in 

iitu, measures the intensity of the unique yellow color of the mac- p&y 
&$~ and presumably estimates the levels of lutein and zeaxanthin. 
@TJ$is measure is known as Macular Pigment Optical Density 
~@($lPOD). DietaT intake of carotenoids, fat, and iron, as well as 
!%$&na conceutrations of lutein and zeaxanthin, were positively re- 
;?I+&P~ lrith MPOD in men, but only plasma concentrations of lutein 

y3.u xaxanthin were associated with MPOD values for women 
@ammo& et al., 1996). In the same studies, men had significantI) 

g.i@jgher MPOD readings than women despite similar plasma care- 
~&$~noid concentrations and similar dietary intake, except for fat. 
g’+Th-q investigators also demonstrated that the MPOD of most sub 

could be substantially increased by the addition of relatively 
amounts of Foods to the diet that are high in lutein (1/2 CUF 



spinach per 
(Hammoi~d 

day) or lutdin and z.easan(hin (1 cup of corn per da~lv) 
et al., 1997). Merestingly, when MPOD was enhan& ..- following dietary modiBcation, it was maintained at [hat level for 

skveral months despite resumption of ;ln unmodified diet. 
in summary, rev&s of studies [hai have investigated MPOD as a 

biological indicator of carotenoid adequacy suggest &at it has sub 
stantial potential ar an indicator for estimating the requirementi 
For lutein and zeasanthin. Because of the unique metabolism of 
carorenoids in the macula, this technique will be useful in asso&. 
ing dieta?: inlakes of lutein and zeaxanthin with the health of the 
macula. However, insufl%ien( MPOD studies have been conducted 
to date CO make recommendations relative to the diecat-y intakes of 
lutcin and zearranthin. 

Calar~cfs 

Cataracts are also problematic, Ah cataract extr&:ion being the 
most frequen fly performed surgical procedure in the elderly (-Fav- 
lor, 1993). Although the etiology of this condition is &lot ~nr&, 
oxidative processes ma): play a role. Cataracts are thou&r 10 res& 
from photo-oxidation of lens proteins, resulting in protein damage, 

accumulation, aggregation, and prec,ipilation in the lens (TavIor, 
1993). The cornea and lens filter out ultraviolet light, but vi&e 
blue IighL reaches the retina and may contribute to photic damage 
x other ouidative insults (Seddon et a!.. 1994). 

Higher dietary intake of caroLcnoids or higher blood concencra- 
ions ofcarotenoids have been found to be inversely associated Ah 
.he risk of various forms of cataract in some, but not all, studies. 
.acques and Chylack (1991) reported that subjects with low plasma 
:arotenoid concentrations (those Gth concentrations less than rhe 
wendelh percentile: less than 1.7 pmol/‘L 190 &dL]) had a 5,li 
old increased risk of any senile calaract and a 7.2~fold increasttd 
isk of cortical cataract, compared with subjects with high plasma 
Xal carotenoid concentrations (greater than the eightieth percell- 
.Ie; more than 3.3 prnol/I, Cl77 ltg/dL)), Mares-PerIman et al. 
1995) perlbrmed a cross-sectional analysis of serum u-carotene, @ 
arotene, P-cr;r.ptosanthin, lutcin and zeasanthin, r7nd lycopene WP 
.IS the severiT of nuclear and cortical opacities, and found k~r 
igher concwtrations of individual or lotal carotenaids were not 
;sociared with the severity of nuclear or cortical opacities overall. 
loweveer, higher swum &carotene (highest quintile median COU- 
tntration 0.52 ~tmol/l. 117 )Ig/dL]) was associated with Iess opacity 

mrm, and higher concenu-ations of cc-carolcne (highest quin& 

$<;;piedian 0.1-2 \rmol;L C7.5 &tiL]), bryprnxanvthin (highest ?uir 
@j$$s median 0.31 pmol/L [li’ I*g/dL]), and lucern (highest qumtll 
&$&ian 0.44 1lmoliL 125 pg/dL)) were associated wth less nuclea 
&&ie,osis in men who smoked. In women, however. higher cower 
‘&$$-~dons of some carotenoids (highest quintile median 2.19 ~~rnol/: 
@$[:llS \tg/dL]) were associated with an increased severity of nwlea 
$$&fosis. 
@%&: Recently, the U.S. Health Professionals Followup Study reportel q:: .; 
Z&b relati\re risk.for caLaract extraction in men of 0.81 (95 percent C 
k:& CJ,65-l.Ul) for rhose at ~11e top quincile of lutein and zeaxanthil 
@?&take (median intake of 6.87 mg/day) relative to the lowest quir: 
$$$#e of intake (B~O;VTI et al., 1999), Similar inverse associations fo 
@@ietary lutein and zeaxanthin were seen in the Nurses’ Health Stud 
@&hor& with a relative risk of 0.78 (95 percent CI = 0.63-0.95) fo 
g$ose at the top quintile of total lutein and zeaxanchin intake (me 
$$!&m intake oE 11.68 mg/da):) relative ;o the Lowest quintile of in 
$$;&ke (Chasan-Taber et -al., 
pi; - 

1999). This decreased risk of cataract 
severe enough to require extraction) with higher intakes of luteix 

$!!$nd zcaxawhin was not found with higher intakes of other care 
:rc; ‘.. A. tenoids (cr-carolenc, pcatotene, lycopene, and &cryptoxanthin) it <.I 
%&ther of these studies. 

Plasma and Tiaue Co?2centrafions 
f& f 
2;~ As just detailed, plasma and tissue concenlralions of carocenoid: 
&%ave been associated with a variety of health outcomes; thar is &.. 
&;:hig:her concentrations are associated wirh a lower risk of cancer 
@coronary heart disease, and all-cause mortality. This could be usec 
@<j’- p’:-: as a possible indicator for establishing rcquiremencs for care 
i,j:Z-Lenoids, However, the limitation of this approach is lhat it is no. 
@:$ear wherher observed health benefits are due to carotenoids pel 
@: .,se or to other subslances found in catotenoid-rich foods. 

Thus, these data are suggestive of prudent intake levels, not re 

s were consumed (Lachance, 1997). SimiIBr lcv- 
be obtained by fbllowing Canada’s Food Guide for 



eaithy Eatin which specifies a minimum of fit-c servings of vege- 
bles and frurt (Health Canada, 199’7). Ocller food-based dieran 
Itterns recommended for the prevention of cancer and orh& 
ironic diseases would provide approximately 9 to IS mg/day of 
xotendids (WCW,‘A.ICR, 1997). 
The current U.S. and internalional guidelines encourage planL- 
Ised dietary patlerns with fess emphasis on foods of animal ori- 
n. With this type of dietq pattern, approximately 90 percent of 
e cola1 ingested viilamin A would be in the form of proviiramin A 
rotenoids (Lachance, 1995). This pattern is in stark contrast LO 
.rrent intake patterns in the United States, where less than 40 
:rcent of vitamin A in the diet is derived from provitamin A caro- 
noids in fruits and vegetables (Figure S-2), or LO the incakc pat- 
rns found in nariw Americans in some arctic regions of the 
Iiced States and Canada (Kuhnlein et A., 1996). 
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Vegetabhs 
y 36.4% 

foods 

I 
Eggs 
4.3% 

\ 
Fats, oils 

13.2% 

URJZ 8-Z Coorributors to Vitamin t\ ii, lake in the U.S. food supply. Tlw *other 
is” categov includes grain products (0.5 percent) and miscellaneous foods 
percent). 

;IKE: LSKO/F.LSEB (1995). 

,.,;ilh carolenoid-containing foods is necessary LO determine the 
$@wna’ carotene concentrarions that an optimal diet wonld be ex- 
$&ecced LO p~odrlce. In a controlled diet study (hIicozzi et al., 1992), 
T+asma /TcaroLene concentrations in the men who received rhcl low 
&&rotenoid diet (less than 2 mg/clay) to which broccoli had been 
~j:‘&dded co provide tj mg/day of cwotenoids (3 mg of p-carotene, 3 
5$&g of lurein) were raised significantly from 0.30 \lmol/L (16 pg/ 
?:dL) at baseline lo 0.49 pmoI/L (2G \lg//dL) af[er six weeks, as were 
S&sma lutei concentrations (from 0.38 ymol/L [22 yg/dL] f.0 
&b.G3 llmol/L 136 pg/dL)). Ylasma lycopene declined with this in- 
$?&wltion because the baseline diet as well as broccoli was low in 
@he concent of l)xopene and other carotenoids. 
EL:.;:‘. The Minnesota Cancer Prevention Research Unir feeding smdies 
&&aluated three experimental diets (two of which included caro- $1 i : 
g;tenoids) and one con~ol diel given for 9 days each to 23 young 
.?:ynonsmoking men and women. Persons on the control diet had a 
$$lasrna parotene concentration of 0.26 pmol/I, (14 pgidL); 5 mg/ 
%;.:<tiy p-carotene from food increased plasma p-carotene to 0.37 
c __ ~$nol/L (19.5 pg/dL). When pcarotene from food was increased to 

$;!I2 mg/day, plasma P-carotene incteascd further to 0.83 pmol/L 
$;;-(44 pg/dL) (Martini et al., 1995). Yang et al. (1991) studied dietary 
$icarolenoid intake and plasma carotenoids cross-sectionally in pre- 
$$nenopausal nonsmoking women; the population had a geometric 
T$ean barotene intake of approximately 3 mg/day and a geometric 
<$ean plasma pcarorene concentration of 0.30 pmol/L (15.8 pg/ 
$;dL), For total caroLenoids, the geometric mean level of intake was 
5’<6.6 to 8.1 m;/day, with a total carotenoid concenualiolr in plasma 
T&f approximately 1.51 pmol/L (SO pg/dI,). A randomized, con- 
&- trolled trial on the effect of increasing fruit and yegetable intake for 
!:‘; ‘-8. weeks on plasma micronucrient concentrations wau conducled 
$?&ith 87 subjects in Xew Zealand (Zino et al., 1997). p-carotene 
i::;I;Jgtake increased from about 2.0 mg/day at baseline to 4.7 rng/day 

s,.i::..;lar week 4. This resulted in a mean plasma pcarorene increase from ,/. 
E~$‘-~O.34 ~mol/I, (18 pg/dL) at baseline to 0.48 itimol/L (25 llg/dL) at 
&+;j \,.eeks 
%i-:-. These’ data, although in varying populations, wggest rhat 3 LO 6 &1-. : 
@imz.;mg/day of &arotene from food sowces is prudent to maintain 
$$:;~~‘plasma p-carotene concentrations in the lange associated with a 
$&i<;:. lower risk of wriow chronic disease outcomes (see Table 8-5). 

I 



F,WTORS AFFECTING CAROT-ENOID BT0AVAKABl1.1l-Y 
: 

3ioavailability ofcarotenoids from food, concentrated extracts, 01 
ILhcric producls i-s quite variable .(Figure 8-3) because a complex 
: of factors affects carotenoid bioaiailabiliry. Erdman et al. (1993) 
d Castenmiller and West (1998) d escribed the events necesral> 
r adequate absorption ofcarotenoids from the diet: (1) digesti& 
the food malrix, (2) formation of lipid micelles in the gastrointes- 

Very high bioavailabllfty 

Examples of Specific ’ 
Components or Foods 

Formulated nafural or 
synthetic carotbnoids 

Natural or synthetic 

Papaya, peach, melon 

Squash, yam, sweet polato 

Toma juice 

Carrots, peppers 

Tomato 

Carrots, peppers 

Spinach 

L 
FOOd 
Matrix 

Formulated carotsnoids in 
water-dispersible beadlets 

Carolenoids--oil form 

Fruits 

Tubers 

Processed juice with fat 
containing meal 

Mildly cooked yellow/ 
orange vegetables 

Raw juice without fat 

Raw yellow/orange vegetables 

Raw green leafy vegetables 

Very low bioavailability (40%) 

3JRE 83 Effect of food matrix and procrsingon bioavailabilig of caro~enoids 
LUKE: Adapted lronl Btdleau CL at (I%@). 

x.P,,al tract, (3) uptake of carolenoids by intestinal nwcosal cells. and ’ 
~~~~) uansport r~f carotenoids and thei]. metabolic products to rhe 
&!kk&h ry -- or portal circulation. 

~~~&x~s: 26 lig of p-carotene from le@ vegetables and carrotS cnrre- 
g@p-on&d 10.12 pg of &carotene Cram fruit, and equaied 1 pg of 
$&%~.reformcd \;ilamin A in vitamin A-rich foods. In contrast, Mahapatia 
~>;~y,~nd Manorama (19971, in a snlall study with vitamin A-deficient 
$S%&ool children in India, concluded that p-carotene from red palm 
~$‘~oil\~as as bioa\ailable as preformed vitamin A. 
gf-.;::. k4-a;..I p-carotene in Lhe Form of supplements has a much higher bio- 
s$:-$vailabliw than barotene from foods. Micozzi et al, (1992) dcmon- 
$..-&rared that 30 mg/day of supplemental ulI-C~uns barotene pro- 
@’ duced more than a fi&oId increase in plasma pcarotene compared 
$i<:.to 29 mg/day of @carotene from carrots. The relatively low bioavaii- 
$“$bilic)r of plant carotenoids mar be due CO the fact that rhey can be 
$?;: bound in carotenoproteins and are often associated with the plant 
&I matrix, Typically in green IcaE; vegetables, carocetioids are found 

gz$i.;: bound in’ chloroplasts where the): play roles iu photosynrhesis. In ;$Q: f 



‘arrot root, ix- and p-carotene are largely in cry& i?x-riis. In both 
:ases, the cakotenoids are not easily solubilized o\lt oT these lisstlcs 
)y the’digcstive process. 

The hypothesis that cooking may improve the bioavailabili[y of 
arotenoids has been tested. The bioavailability of lycopene from 
3rnato juice is vastly improved by heat rreafmenc in the presence of 
il (Garcner et al,, 1997; Stahl and Sies, 1992). When subjects con- 
Jmed tomato juice (equivalent to a single lycopcne d&e of 221 
molikg body weight) that had been heaLed at 100% for 1 hour 
itI1 oil, they experienced a serum Iycopene peak at 24 tb 48 hours. 
I contrast, equivalent doses that were not heat treated did not 
:sult in an increase in serum iycopene. Steaming has also been 
lown to increase the amount of extractable carotenoids in spinach 
xi carrots (Dietz et al., 1988). In contrast to steaming, more pro- 
nged exposure to high temperatures (boiling) can reduce the 
lrocenoid availabiliv ofwgetables by’increasing the production of 
3mers or oxidation products. For exaniple, canned carrots contAn 
I percent nlFlrans pcarowne, 19 percent 13-risfharotene, and 8 
:rcent 9-c&pcarotene, while fresh carrots contain 100 percent 01 
e &carotene in the all-tram conliguration (Chandier and Schwartz, 
187). The relative vitamin A values of cis isomers of p-carotene 
mpared to a&rratrs Ij-carolene is an active area of research. 

eta9 Fri... 

dany research groups have shown that to opdmizc carotenoid 
sorption, dietary fat must be consumed during the same eating 
riod as the carotenoid. Roels CL al. (1955) demonstrated that in 
Z’S with vitamin A deficiency in an African killage, supplernenta- 
n of their carotene-sufftcient but low-far diets with 18 g/day of 
re oil improved carotene absorption from 5 to 25 percent. More 
~enLly,Jalai et al. (1998) studied clle roles of P-carotene-rich meals 
ostly red sweet potatoes), extra dietq Cat (15 g/day), and dc- 
wing on serum recinol concentrations of children in Sumatra. 
or to the intervenrion, these children all had intestinal infesta- 
ns and were consuming diets with about 7 percent of caioriw 
rn fat. .& 3-week inlervention of barotene-rich meals alone in)- 
wd vitamin A status without added fat or deworming, hut the 
nbination of all three me;tsure,+carorene meals, added fat. 
1 deworming-yrokided {lx greatest increase in serum recinol. 

'-.-. r. 
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XT:; 
$&‘- Oth.er Fa-CLOIJ 
2 ;,;., r&i;-:-: l.inid-lowering drugs have been shown to decrease sewm cxu 

iramaticaily (Elinder et al.? 1995). In a double-blind, ran. 
&?” domized tiai, treatment with choIestyramine (a lipid-lowering res. 
@;\ in) for 4 months and probucol (antioxidant and lipid-lowering drug) 
~2;: for 2 months resulted in a 65 percent reduction in serum @carotene 
e:z;-t- and a 51 percent reduction in Iycopene. The reductions were attrib 
g&y: uted to reduced intestinal absorption of lipids by cholestyramine 
@?‘-- and reduced lipoprotein particle number atid size bv probncoi. Su- Et 2.’ 
F&‘- .crose polyester (oiesti), the nonabsorbable fat sub&cute, lowered 
gg:; 
$Z& 

carotenoid absorption when consumed at the same time as caro- 
tenoids (Koonsvitsky et al., 1997; Weststrate and van het Haf, 1995). 

g$... Plant sterol-enriched margarines (Wesutrate and Meijer, 199S) and 
E.g.:;. dietary pectin supplementation also decreased batotene absorp- 
g?>. lion (Xock and Swendseid, 1992). 
&1:; 
Lp”-; @::: 
8&.$ Nu ln’m t&~ tw’mt In tern ctiom 
p< .; 
@s:: Competitive interactions among different carotenoids during the 
%:I ‘absorptive process have been studied. Recipients of daily @carotene 

-supplements in either 12.mg or 3%mg capsules for 6 weeks bad 
significantly lower plasma Iutein concentrations than subjects who 

both p-carotene and lutein from food sources (Micozzi 
addition, plasma @-carotene was higher in the 

receiving p-carotene as supplements rather than as food, 
the grearer bioavailability of this source. interactions 

and lutein have also been described by other 
subjects were given purified cqxalline bare- 
lutein in a combined dose, P-carotene signifi- 
serum area under rhc curve (ALT) value (a 

for lurein (Kostic et al., 1995). Lutein 
significantly enhanced bra- 

:. “:&ne AUC in those subjects whose RUC for harotene (when dosed 

: These studies (White et al,, 1994) indicate that two caroknoids 
concurrently in controlled settings can affect the ab- 

of each other. Several investigators have examined the ef- 

i . : 



high-dose supplementation of p-carocenc daily for sever-al wars. 
This fmdiqg is not incomislew with ~11~ resuft.s of the tner~boli~ 
studies, because the trials were done in free-living individuals taking 
a su$plcment of barotene each day, which most likely is not con- 
sumed concurrcncIy with -a11 enlire day’s intake dlother carotenoirls 
from food. 

FINDIKGS BY LIFE STAGE AXD GENDER GROUP 

As disnwwd elsewhere in this document, (his report does not es& 
Iish a requirement for Pcarotene or other carotenoids for any gender 
or life stage group. This issue will be considered in a subsequent 
report when addressing vitamin A. Howet*er, the following summa- 
rizes findings regarding carotenoid status, as measured by serwl 
carotenoid concenwations, in different groups of the population. 

If plasma carotenoid concentrations are considered as an indicz- 
tor of adequacy willi regard to relducing risk of chronic disease, it 
becomes apparent Iha! certain subgroups of the poptdation are 
known to baw notab lower circulating concentrations of caro- 
tenoids. Thus, consumplion of carotenoid-containing foods may 
have LO be greater in these groups in order to achie\-e pIasma caro- 
tenoid concentrations that are associated wilh a reduced risk ol 
chronic disease (Table 8-3). 

Serum carotenoid concentrations were measured in the Third 
\Jational Health and Nutrition EYdrllination Sw~ey (NI-LWES III). 
is sl~own in Appendix Table F-4, serum p-carotene concentrations 
vere Iower during the period of adolescence and earl)* adulthood in 
his U.S. population suncy. The average concentration in children 
r’as approximately 0.31 ymoI/I. (I8 pg/dI,), which dropped to 0.28 
Imol/l; (15 pg/di,.) or less in teenagers and did not return to cbiid- 
rood conccntralions until the fourth decade (the 0lirties) fob, 
women, aud the fifth decade (the forties) for men, This lower level 
luring adolescence is also evident for wzarotene (Appentliu’Tabfc 
‘-5), ~ctl.ptoxanchin (Appendix Table F-6), and luteitl/zeaxanthin 
Appelld’ix Table F-i), but not Igcopene (Appendis Table F-Sj. This 
lay reflect relatively greater consumption of tomato products corn-- 
ared to other vegetables by adolescents in the United States. 
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&.‘..&ny invcstigarors ha\-e reported that those who smoke. on aver- 
? :, - k,+ge, h:a\-e lowx plasma carotenoid concentrations compared to in- 
~:~ivkiuals [hat don’t smoke (Brady et al., 19%; Chow et al., 1986; 
$Comstock et al., 19S8; Fukao el al., 1996; Herbeth er al., 1990; 
&~argecrs andJackson, 1996; famuk et al., 1994; Swker et al., 1988; 
z~~~~itter et al,, 1982). The greater rlre illtensiq of smoking (cigarettes 
Qs’- er day), the greater is the decrease in serum carotenoid concen- $P 
,i-t-.uations. Fukao et al. (1996) studied 1,902Japa!lese men in a cohort 
.&tudr and showed a dosedepcndent decline in geometric mean 
&&I-& p-carotene with greater smoking intensity (Table S-5) r 
%‘..‘.--Wlile smokers ingest less barocene than nonsmokers, ic is un- 
gc .clear at presenl whether or not the lower serum concentrations 
F!:ieen can be fully explained by the reduced &carotene intakes of 
$&rmkers, as discussed recently by Brady et al. (1996). Many studies 
$find dift’erences in serum carolenoid concentrations even after ad- 
Q&sting for intake. However, because dietary intake is necessarily 
ty$wasuretl with some error, it is unclear whether full adjustment is 
$$ossihle. Tobacco smoke is known to be highly oxidatiw, and Ihe 
$&as phase of tobacco smoke has hcen shown to deswoy karotene 
,&md other carotenoids in in vitro studies of human plasma (Wandel- 
&&an et al., 1996). As demonsrrated recently by Baker et al. (1999), 
$j$oth smoke and gas-phase smoke oxidize barotene to carbonyis, 
$:.:.zpoxides, and n&o derivatives. Thus, it is possible that the smoke 
?j’&idatively degrades p-carolene in viva and thus contributes to Che 
pi-‘ieduction in circulating levels. t<:--;.- g, 2;. i.> ..:.: :z;.. ?,f i:.. ;.g-: ;w, 

TABLE 8-5 Serwn p-carotene in Men 
in Relation co Smoking 



first report in the area of putative mechanisms lo explain the 
‘ease in lung- cancer risk observed in heavy smokers taking high- 
:: suppJements indicates that ferrets exposed to cigarette smoke 
supplemented with barolene developed squamous metaplasia 

heir lungs as well as altered retinoid signaling (Wang et al., 
9). Another report suggests that oxidation products of kcaro- 
z stimulate the binding of metabolites of benzo[a]pyrene to 
2xyribonucleic acid (Salgo et al., 1999). These \:ev new data await 
firmation and furtherdevelopment. 
lthough smoking may result in a need for higher intakes of di- 
y carotenoids to achieve optimal plasma carotenoid concentra- 
IS, caution is warranted because karotene supplements, but not 
trotene-rich foods, have been sugge.sted as causing adverse cf- 
s in smokers (see ‘Tolerable Upper Incake Levels”). Thus, any 
3mmendations need to state clearly that those who smoke, in 
titular, may benefit from even higher average intakes of caro- 
oids /Tom foodi. 

lcohol intake, like tobacco, is iwerselp associated with serum p- 
stene and catotenoid concentrations (Brady et al., 1996; Fukao 
l., 1996; Herbeth et al., 1988, 1990; Sqkcr et al., 1988). Brady et 
(1996) reported that higher ethanol intake was associated with a 
rease in all serum carorenoids measured, with the exception of 
jpene. The inverse association appears LO be dose dependent as 
wn by the cohort study in men of Fukao et al, (1996) in Table 8- 
t should be noted that in this study, the effects of smoking and 
lhol consumption independently aflixced serum karolcne con- 
Arations in men. 
ersons who consume large quantities of ethanol typically con- 
le diets that are micronutrient deficient. Therefore, as is the 
e for smoking, ir is not clear whelher the obsen-ed decrements 
fully attributable to reduced inlakes or also reflect metaboiic 

Isequences of chronic ethanol ingestion. 

INTAKE OF CAROTENOlDS 

Food Smrces 

. database of values for u-carotene, p-carotene, ~rypro?cal~~hin, 
piu plus zeaxanthin, and l~copcne for I20 foods has been assem- 
d (hlangels et al., 1993) and was recently updared and released 

TABLE 8-6 Serum P-Carotene in hlen 
in RelaCon lo Alcohol Consumption 

xotldrin kcrr 
Es-drinkers 
Driz1lrr.s 

l-15 g ethanol/d 
1548 g ethanol/d 
29-56 g ethanol/d 
N-I 40 p; ethanol/d 

0.38 (20.1 pg/dL) 
0.32 (16.9 pg/dI.) 

0.33 (17.9 pg/dL) 
0.30 (16.2 1’6:‘dL) 
0.19 (10.0 pg,‘dl.) 
0.15 (8.2 pg/dI>) 

a Ceomelric mean. 
SOCRCE: Fukao et al. (19%). 

i;.(Holden et al., 1999). Using an expansion of the earlier database 
y;:+nd based on the 1986 U.S. Department of Agricuhure Continuing 
+Survey of Food Intake by Individuals (CSFII), Chug-Ahuja et al. 
$;:(1993) reported that carrots were Ihe major contributor of&carotene 
&to the diet of women of reproductive age (25 percent) with lesser 
.:.:.conrributions from the following food categories: cantaloupe, broc- 
!:?: coli, vegetable beef or chicken soup, and spinach or collard greens. 

_I~~~~~$imilarly, 
&:.-lycopene, 

the major contributors for a-carocctle, &cnptoxanthin, 
and lutein and zeasanthin were, respectiveli, carrots, fol- 

% lowed by the categories of orange juice and ils blends, tomatoes :. . products, and spinach or collard greens, 
A summarv of the carotenoid content of human milk is show-n in 

S-7. 1; should be noled that the harotene content and the 
of other carorenoids in human milk are highly \sri- 

and appear (0 be altered easily by manipulation of the cart-+ 
EG~~~:[tqoid content of the mother’s diet. Most infant formulas, either 
~~~~~:l~ilk or soy based, do uot have carotenoids added to them and, as a 
~~;.-;-~esul~, would be expected to contaiu very low levels of kcarotene 
$&.and orher carotenoids. 

Dietmy In tnke 

@&. Dab for intakes of carolenoids (pcarotenc, a-carolene, pCryp- 
~+. ..t?xanthin, lutein and zeaxanthin, and l~~opet~e) from the 19S8- 
!$$f 1992 Third Xationd HealLh and Nutrition Examination SUITCV 
!$$g,j;(NWES III) based on an expanded food composition databasi 
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ABLE 8-7 Carown 
L 

:bre-Mcdhin 
3 at., 1976 

tre and 
Zalloway, 
1981 

appell 
It al., 1985 

trea et al., 
986 

ton er al., 
990 

Jiano 
1 al., l!WZ 

lianu 
t al.. 1994 

SIveden G6 

L:.s.‘! 

Canada 

U.S. 

c’.S. 

C.S. 

vs. 

U.S. 

23 

24 

15-d 

1) 

3 

18 

I? 

G.>1.5 mo Sol reported 
1.54.5 Ino 
x5-6.5 1110 

Id 
4d 
37 d 

Kot reported 

l-5 d Not repolled 

Coloswum SOI reporred 

1 mo 

>I Ill0 Not reported 

56 1110 Diecar;v intake: 
fkwofene: 5.05 * 2.5 mg?d 
rx-carotene: 19.0 _+ G.S mg/d 
Lycopene: 2.8 A 2.6 mg/d 

pCarr)teoe supplements: 
Groxp I : GO mg/‘\rk x IO wk 
Group 2: 210 mg/wk x 3 14 

HPIXX 

Spectrophotamelric 

TLC.9. HPK. and sp+xtrophotometric 

1fPI.C 

HPLC 
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rABLE 8-7 Carotenoid Content in Human ,\llilk” 
: 

Number 
Of 

.ulhor, Year 
Stage of 

County Subjects Lsctatinnb Maternal Grotel\uid Intake 

~hnsoo ec al., U.S. 12 I-8 1110 
1997 

SuppIcmenc: 
64 nfCfmJlf-gcatotelle mg 
+ 69 mg 4&j%carotene 
(1 dose/d x 7 cl) 

Fed a Lowcaruteooid diet ! 

anlield et al., U.S. 
199s 

5 >I mo Mean dietary intake of 
P-carotene at ba6elinc = 4.0 
* 9.5 mg/d (measured by 
three 24-h dietary inrake 
records) 

Su plemcnted wirh 30 rug 
if carotene for 28 d 

3TE: For Guiliano Ed al. (1994), Canfield et al. (1997, 199S), and.Johnson ct at. 
997), milk rarwcnoid ralocr were converted from nmoI/L or )cmol/L to pg/dL. nw 
meGon Factor used For barotene, cwdrotcnc. lwein?zeaxaothin: pg/dL x 0.01868 
lmol/‘L. The conversion f%c~or used for byptoaanthin: pg/dL x0.01809 = pmol/I.. 
‘I Vniess noted othetwine, mik con!ent was based on studies of healthy women uith 
I-term pregnancies. 
‘pp = ~o’osfpartum. 
: Mean f standard deviation. 
f L:.S. = United Sltites. 
‘Mean milk volume was reported as 634 rt 11.7 mL/d. 

r carotenoids are presently being analyzed and are not available 
be iwluded in this report. Thus, they will be included in the 

pendix 01 the next DR.I report that will include vitamin A. 
‘-However, dietary recall data from 1,102 adult women participac- 
; in the 1986 Continuing Survey of Food Intake by Individuals 
jicate mean intakes of p-carotene, a-carotene, lutein, and Iyco- 
ne of 1.8, 0.4, 1.9, and 2.6 mg/day, respeclively, with total cam 
loid intake from pcarotene, a-cat-otene, pcqptoxanthin, lurein, 
ixanthin, and lycopene ofapprosimately 6 rng/day (Chug-Al@ 
A., 1993). Later food Iiequency data from the 8,341 adults parlic- 
:ring in the 1992 Kalional Heahh Interview Survey indicate that 
qan intakes of p-carotene, lutein, and Iycopene Ior men were 2.9, 

- 

HPLC 

~f$;.~- &opcne: 2.6 f WI 
~~,~pslsuppiemenl~tion: 
s& ‘. pc arotene concentrations increawd. 
k-..: 
?~r:. 

on average, 6.6fold over initial and 
remained elevated (z P-fold al-cc ‘?i&;“’ 

L>’ initial) 1 mo after rupplemenlation si-. 
F&. 
zc., /Milk samples were obtained from both preterm and lull-term pregnancies, 
2<;;.:‘6 HPLC = high-performance liquid chromatography. 
‘G iT,T;.;...., :.. LTLC = thjn-layer chromatography. 
&%::t:: i Large intra- and interindnidnal variabiliy in miik cmotenoid concentration. 
g:i!:< jOne month after the study, milk roncencrations remained higher than bacclinc in 
:%.I& supplemented women. So char.Ees in milk conccntrationj were seen jn the pla- 

Am croup. 
x.+:..;. 

+.-, k hl;an inilk volume was reported as 62.9 mL per human-feeding episode (Canfield 
&t&d., Kt998). 

~$$$.2, and 2.3 
?:@g/day, 

rng/d ay, respectively, and for women 2.5, 1.9, and 2.1 
respectively (Nebeling et al., 1997). Another survev, the 

L?~l~t&.ionaI Factors in Eye Disease Study, 14th 2,152 adults respond- 
;.*::fmg to a food frequency questionnaire, reported median dietary car- 
$?&enoid intakes or ranges of 1,3 mg/day of p-carotene, 0.2 mg/day 
F’,f a-carotene 0.02-0.07 m&/day of @cryptoxanthin, O-7-0.8 mg/ 3 .’ 
j$!$~y of Jutein’ and zeaxan thin, and O-6-1.6 mg/day of Iycopene 
W:VandenLangenberg et al., 1996) I 
$$%;-: Inbke levels of p-carotene for iufants CLUI be estimated using data 
“‘“on y;yc;.. h uman milk concentrations of @carotene (‘Table 8-7). Human 
:&:;milk!%carotene concentrations obtained at more than 1 month 
$&lipostpartum varied from I CO 21 yg/dL.. Assuming that irlfant~ re- 



ng human milk consume 0.78 L/day on average in rl~e first 6 
ths (C.hapt& 2); (his \vould result in P-carotene intake levels of 
163 &day. 

:arorcnc, a-carotene, lutein and zeasanthin, and lycopene are 
able as dietary snpplements. There are no reliabIe estimates ok 
mxwnt of these dietary supplemeors consumed by indivi&& 
e United Stales or Canada. 

TOLERkBLE UPPER INTAKE L.EW3.S 

I adverse effects other than carotcnodermia have been report- 
:om the consumption of &carotene or other carotcnoids in 
, Carotenodertnia is a harmless but clearly documented bioiog- 
:ffect of high carotcnoid intake. It is characterized by a yellow- 
.iscoloration of the skin that resuits from an elevation 01 caro- 
concen tralions. 
Carotene is used therapeutically, at extremely higb doses (ap 
imately I80 mg/day), for the treatment of erythropoietic pro- 
rphyria, a photosensitivity disorder. No toxic side effects have 
: observed at these doses. There is no evidewe that p-carotene 
her carotenoids are reratogenic, mutagenic, or carcinogenic in 
*term bioassays in experimental animals (IIeyvood ec al., 1985) I 
idition, long-rerm supplementarion with &carotcne to persons 
adequate li-itamin A scatus does not increase the concentration 
:rum relinol (Nierenberg et al,! 1997). However, two recent 
ral trials reported an increase in lung cancer associated with 
lemental p-carolene in current smokers (ATBC (;-dncer Preven- 
Study Group, 1994; Omenn et al., 199&b). These effects are 
wed below. 

Aq Cwnw. The Alpha-Tocophcrol, Beta-Carotene (ATBCj 
:er Prevention Study showed a significantly higher itlcidence of 
cancer (relative risk [RR] = 1.18; 95 percent confidence inter- 

a] = 1.03-1.3~) and total mortality (RR = 1.08; 95 percent CI = 
-1.16) in current smokers supplemented with 20 xng/day & 
tene (with or without 50 mg of a-tocopherol) for 5 to 8 years 

Cancer Prevcnrioll Sw+~ 
had no significaur effect 
occurring in this papilla- 

In addition, the 
and Re!inol Efticacy Trial (CARET), a multicenter lung 

trial of a nutrient combination versus placebo in 
smokers (Omenn et al., 1996a,b) reported 

..;qlore lung cancer cases in the supplerncl~ted group. The nutrient 
;-:;combination used in CARET included suppletnental &carotene (30 
.;mg/day) plus retinol (25,000 internationa1 units [IU]/day). Borh 
:‘cWET and ATBC included pcarolene in ~-he iutervenlion and re- 
$&-ted similar effects on lung cancer. However, it should be noled 
b:,eat CARET used a nutrient combination, withour a factorial de- 
$gn> and it is not clear whether the reported effects were altribut- 
Able to pcarotene, retinal. or both acting in concert. 
‘z :In contrast, the Physicians’ Health Study of snpplemental pcaro- 
I@ne versus placebo in 22,0.71 male U.S. physicians reported no sig- 
i-.r$icanl effect of 12 years of supplemenra&on with @xrolcne (50 
&g eyery other day) on cancer or total mortality (Hetlnekrns ec al., 

$@.1~9ci). With regard to lung cancer, there was no indicarion of cs- 
@&ss lung cancer in Ihe bare tene-supplemented individuals, even 
&-,;among smokers who took the supplements for up to 12 years. 

!:-.-.Yne additional trial, which was not designed as a lung cancer 
;@-evention trial, nonetheless produced results that are of relevance 

$&.io the topic of lung cancer prevention. The trial tested the eflicacy 
$f four different nutrient combinations in inhibiting the de\4op- 
&nent of esophageal and geastric cancers in 30.000 men and women 

@$ged 40 lo 69 years living in Linxian County, China (Blot et al., 
%$$;:1993), !....T. One of the nutrient wpplcments was a combination of p- 

:;.carotene, selenium, and vitamin E. After a 5year intervention peri- 
!od, those who were-given this combination had a 13 percent reduc- 

in cancer deaths (RR = 0.8f; 95 percenr CI = 0.7%l.OO), a 9 
reduction in total deaths (RR = 0.91; 93 percent C! = O&l- 

a 4 percent reduction in esophageal cancer deaths (RR = 
percent Cl = O-78-I-IS), and a 21 percent reduction in 

deaths (RR = O.i9; 95 perccnl CI = 0.6+0.99), For 
trial had limited statistical power, with only 31 tot4 

(Blot et al., 1994). However, the relative risk of 
was 0.55 (93 percent CI = 0.26-l. 14) among 

of p-carotene, cc-tocoplierol, and 
including individuals who had 
months, w;as 30 percenl. 

to a possible adverse eL 



&iose-response asesslnent and dcriwtion of-a Tolerable Upper In- 
$+&k<: Level (Ul.) for this endpoint. Supplemenrs of 30 rng.~dag or 
%~ore ol p-carotene Ibr long periods of rime may be associated with 
~~~-carotent;derlllia, but this effect is more cosmetic than adverse and 
$$.can bc consickred harmless and readily reversible. Because of rhe 
@Ginconsistent data on adwrse effects of @carotene, a UL cannot be &. -. 

of karotene in smokers are somewhat conllicting. The results 
mgoitqg studies may, help resolve this issue. There also appears 
w a relationship between the adverse effects of p-carotene and 
n smo&ng and alcohol consumption in the ATBC: and CAKET 
1s. Ih the ATBC trial, only those nxx~ who consumed more than 
;/day of &oh01 (approximately one drink per day) showed an 
zrse response LO p-carotene supplementation (hlbanes et al., 
6). Jn the CARET xudy, adlwse effects were associated wilh the 
.viduals in the highest quartile of alcohol intake (Omenn et al., 
6a). 

Cclro&zodernain. Carotenodermia is characterized by yellowish dis- 
wation of the skin that results from an elevation of @asma caro- 
: concenwations. This condition has been reported in adults 
ng supplementx containing 30 mg,‘day or more of warotene 
long periods of time or consuming high le\*els or carotcnoid- 
foods such as carrots (Bendich, 1988) and is the primary effect 

xce-ss carotenoid intake noted in infants, coddlers, and young 
dren (Lascari, 1981). Carotenodermia is distinguished from 
idice in thaL the ocular &era are yellowed in jaundiced subjects 
not in those wit.11 catotenodermia. Carotenoderrnia is consid- 
1 harmless and is readily reversible when carotene ingestion is 
on tinued. 

Lp$w~odmnin. Lycopenodermia results from high intakes of Ip 
rne-rich foods such as tomatoes and is characterized by a deep 
lge discoloration of the skin. Lycopene is a more intensely col- 
i pigment than carotene and may cause discoIoraGon at lower 
zentrations than other carolenoids (Lascari, 1981). 

CMwr cl&w-re l!@cls. Allergic reactions, increased incidence of 
itate cancer, retinopalhy, leukopenia, a;nd reproducrive disor- 
have been associated anecdorallyw<ith high carotene consump- 
(Bendich, 1988; Kobza el al., 1973; Shoenfeld et al., 1982). 

e of these enects has been confxmed by clinical trials. There is 
Gdence of hypervitaminosis A in individuals consuming high 
1s of barotene or other carotcnoids (up to 180 mg/day) (Lewis, 
!; hlachnwRoth, 1986; Mathews-Roth et al., 19f2, 1974). 

Dose-&sjmzse Assessvmwf 

ie data on the potential for @arotene to produce increased 
: cancer rates in smokers arc conflicLing and riot sufficient for a 

&-- Data for intakes of carotenoids @carotene, a-caroteney P-ctypto- 
!$$.$anthin, lutein and zeaxanthin, ad lycopene) tiom the 1988-1992 
$i[:y%hird National Health and Nlrtritinn Examination Sulyey 
&$NHAiiES 111) based on an expanded food composition database 
$$$foor carotenoids are presently being analyzed and are IIOL available 
&:.Lo be included in this rcpor~. Thus, they will be inchldecl in the $g, 
&;:appendis or the next DK3 repor that wili include vitamin A. 

@t A possible increase in lung cancer incidence has been noted 0111~ 
g&n smokers taking high-dose supplements of p-carotene (20 mg/day g:,.; a:..oi greater). As discussed earlier, supplemental forms of p-carotene 
~$.have marked17 greater bioavailability than @carotene from foods. 
S’:‘The bioavailability of P-carotene from supplements can also bc vari- :+:. 
@!-able depending on the formulaGon, nutritional status of the person 
%.‘or o g;.:,. p p ulation, and dietary intake pattern (e.g., fat intake). Given 
$$.these substantial differences in bioavailability, it is perhaps logicai 
&to Aaraclerize the risk as a funcCion of plasma @carotene concen- 
&!<$.@ation (see Figure- S-4). hfedian serum &carotene concentrations 
&i;; the participants receiving 20 mg/da!; of P-carotene in the Finnish 
$; irial rose from 0.32 lnnol/L- (17 Ifg,/dL) at baseline to 5.66 Ilrnol/L 
~_~;(300 blg/dL) at 3 years; this blood concentration was associated with 
%?;.an adverse effect (ATBC Cancer Prevention S~llcly Group, 1994). In 
‘@$XIET, the median postintelTention plasma concentration of B 
$$;,arotene was 3.96 )rmol/L (210 ijg/‘dL) ; this blood concentraGon 
&$~iso was reported to be associated with an adverse effect (Omenn et 
$&al., 19Y6a). The first to ninetynin~h percentile for plasma p-cat-o- 
$&tene from M&WE5 III is also indicated in Appendix Table F-4. 
!&-i‘hese data suggest that the concentrations associated with possible 
$$:ad\~erac en’ccts on lung cancer are well beyond the concentrations 
%$;$Tachje\-ed ~$1 diecdr)r inl,ke- 
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bus, while 20 mg/da): of @xrotene in the form of a supplement 
blood concentrations to a range reported to be 

ncreasc in lung caucer risk. t-he same amount of 
is not. Micozzi et al. (1992) demonstrated that 

g/day of stIpplemen tal @carotene produced more than a five- 
in plasma carotene compared to 29 nrg/day of p 

ene from carrors. 
ed on these considerations, the existing recommend&on for 
mption of five or more servings of fruits and vegetables per 

s would provide 3 co 6 mgiday of p 
set for p-carotene or carotenoicis. In- 

arotene supplements are not advisable 
n. This conclusiorl is based on a toraliy of 

evcral large-scale randomized trials of sup- 
, These bials indicate a lack of evidence of 

tal cancer or cardiovascular disease and possi- 
ups such as current smokers or asbestos- 
semenl does not pertain to the possible 

arotene as a protitamin A source or for the 
1 A deficiency in populations with inadequate 

A nutriwre or in patients suffering from eryhropoietic pro- 

RlXOMMENDhTI ONS FOR ~CAROTENE &ND 
OTHER CAROTENOIDS 

l As described earlier, barotene and other carotenoids have 
o modulate a variety of intermediate endpoints. How- 

changes in an intermediate endpoint 
a health outcome are critically needed. 

pigment optical density (MPOD) is a proin- 
ker for age-related macular degelleralion 

studies validating this endpoint prospectively 
s are studies demonstrating that changes in MPOD 
of changes in risk of macular degeneration. 

studies arc needed on the effects of long-term 
carotene and subsequent repletion, wiith an evalua- 

intermediate endpoints. 
Iy more research is needed on health effects of 
ds other than &carotene. Possible associations be- 
nd decreased prostate cancer risk, between Iutein 
Id lowered risk of MID, and behveen a-carotene 
ous cancers have to be evaluahzd in additional 
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;ewationsl studies. in aninl;\l n~odcls, and in hllman inter\-el,tio,, 
JsT ifjnsrifi$l. Studies should consider not only the othcl- cayo. 
aids, bLl( ;tlSO the &-verstts fmns-cotlfiguralion ol’llle caro[ct~(~icl. 
l Since the data from tile human intewention triaIs of pCa1.o. 
e ace contradictory, additional data are nceclcd from it>ten.f.tl- 
1 trials involving ~arorene, several of rvhich are ongoing, 2,~ 
mination is needed of health cfEcts in populaGons witi vaying 
eiine risk profiles and, in particular, of studies evaluating inter- 
Cons in poprtlacions with poor baseline nutritiot,a\ staws. Post. 
I follow-up of.complered p-carotene trials is also needed. 
. Snrdies aimed at the identification of correlates of higher p 
3lene intake and plasma concentrations, which might help to 
#lain the kwer risks of caucer associated with carotene-rich diet%. 
needed. 
4 AddiGonal research is needed that targets putati\*e mrcha. 
11s to explain a possible increase in lung cancer risk in hemv 
Aers taking high-dose p-carotene supplements (animal studies, 
chemical studies, and molecular studies), In particuiar, confir. 
.ion and extension of findings such as those of recent reports 
uriillg lung metaplasia (Wang et al., 1999) and carotenoid osi- 
on products (Salgo et at., 1999), and their relevance to canyr 
zlopment in hwmws, are needed. 
l Surveys are needed chat routinely assess and report die’tarv 
kes of individual Food carotenoids from large, representati\;l 
ulation samp.les. Ink&es from both foods and dietary supple- 
INS must be considered, 
* EfTorts should be directed toward evaluating equivalency an’cl 
wxtrating efficacy ol’ caroLenoids in foods to meet vitamin A 
cls in vitamin A-deficient populations, in order to develop SW 
Ale strategies CO eradicate this worIdAdc pubIic health problem. 

REFERENCES 

to the lncItlence 01 lung cancer ana 
2 330: 1029-1035. 

JJL. lr99. Rcaclions OP beta-carotene with 
cigarette smoke oxICL;ln\a. LIICIIUIILAiion ot’caro~cnoid oxidation prodr~cts and 
evaluation ol the proolidanr/arlliosidaIlt elTw\. C~I.V Rn ‘I’wIrL.L 12535-543. 

lieha AM, Armenian HI<, Norkus EP, Morris JS, Spale VE, Cornstock GIV. 1993. 
Serum micronutrienu and the subsequent ~i.sk of cervical cancer in a popula- 
tion-bawd nested c-ase-cuntrol study. Cunr~v~ l#dee,niol Bicrznriinr Prm 2:385- 
339. 

@endich A. 1588. Th .af e P et? OK beta-carotene. A’ulr Chnwr 1 l:POI-‘Ll4. 
&o& G, Patterson 8, Subar A. 1992. Fruit, vegetables, and cancer prewntion: A 
.-.I.,. :. &y.: / . . rc\icw of L~IC epidemiological evidence. A’z/lr &znw l&1-29. 
$!.gl?t WJ. Li J-S, Taylor PR, Guo IV, Dewey S, IVang G-Q, Yang CS. Zheng S-F. Gail 
&yy cl.. : hi, L.i GY, 1x1 Y, Liu B-Q, Tangrea J, Sun Y-H, L.iu F, Fraumcni JF Jr, Zhang I’- 
@., 
..?.. H, 1.i B. 1993. Nutrition intelTenlion trials in Linxian, China: SupplemenLa- 
&:: Lion with specific vitamin/mineral combination%, cancer incidence, and dir 
5.:. ease-specific mortality in the general population. J A’u/f Grn~ ins/ 8.5: 

ngcancer ana \warnin supp:emenlaoon. ,v *.: 
&iJkd 331:614. 

5kileau TW, hfoore AC, Erdman,J\%‘jr. 1999. Carotenoids aodxitamin A. In: Papas ..:_ 
;c. i AM, ed. Ahd$ml S/alus, L&-f, ;~ulti!lc/n, od ?ied:h. Boca Ralon, Fl.: CRC 

-:: 
>?.. 
“, : 

Press. Pp. I%1 38. 
?;:Bone R.4, h,drumJT, Tzrsis SL. 1965. Preliminary identification of the human X--:.. 
$.:j< macular pigment. ikim Rfs 23;1531-1.535. 
$&me Rh. l.andrnmJT, Hime GW, Gains A, Zamor J. 1993. Stereochernisu-y of the 
!j?-. human macular caroknoids. IMA O$h/llolmal I’is Sci 34:203,%204O. 
$@mithon-Kopp C, Coudray C, Berr C, Touboul P;J, Fe\-e JM, Favier A, DucimeLierr 
;t: .-.. <. 
g:. 

P. 1997. Combined effects of lipid peroxidakion and anrioxidanL status on 
carotid atherosclerosisin a puplllation agtd 3-71 y: The E\~%S~udy. At.~.IIJclin sz. 

gi :\‘ufr 65: 121-127. 
$irady WE, ?tIares-Perlman JA, Bowrn P, Stacewicz-Sapuntzakis M. 1996. Human 
:;; r<:: serum carotenoid concentrations are related to physiologic and lifcxyte fac- 
,g tars. JXm 126:129-137. 
$1 Brown L, Rimm EB, Seddon JXl, Giovannucci El., Chasan-Taber L.. Spiegelman D. 
K.:. . .._ \Vil(etr \$‘C, Hankinson SE. 1999. A prospeclive wody of carotenoid intake and 
;.:z.. ( 
:+ risk of cataract extraction in US men. Am J C/in Suer 70:517-524. 
;;-pj urrj BJ, Dixon ZR, Fong AK, Krewh NJ, Clifford A.J# Erdman-pV.jr. 1993. Possi- 
,.. ;*; : ble association oE skin lesions wii~b a lowcarotene dicL in premenopausal worn- 
+;I en. Ann NYAcnd Sri 691:27948i). 
;$!:. Burle XF. CalloHav DH, 1981. Evxhlalion of lactalional performance of Xavajo . . a 



1. TERMS OF REFERENCE 

With reference to the initial assessment carried out by the Dutch authorities, in the 
light of the relevant comments/objections presented by member states and pursuant 
to the article 11 of Regulation (EC) 258/97, the Committee is asked to assess the 
safety from the point of view of consumer health, of phytosterol esters in yellow fat 
spreads as a novel food. 

2. BACKGROUND 

The Commission has received the initial evaluation of a petition for an approval for 
the use of phytosterol esters in yellow fat spreads as a novel food. Phytosterol esters, 
used at levels proposed in the application, will lead to a new product with enhanced 
cholesterol lowering activity. 
The application was made under the Novel Foods and Novel Food Ingredients 
Regulation 258/97/EC. The product is classified under Classl, Subclassl: a pure 
chemical substance or simple mixture obtained from sources already in use for food 
purposes in the European Community. 

The petitioner first submitted an application to the Dutch competent authority for 
initial assessment. The Dutch Preliminary Advisory Committee on the Safety of 
Novel Foods performed the initial safety assessment of this new product, concluding 
that “ . . .the product.. . . . is safe for human use at the levels indicated below. The 
committee has assessed the full dossier and with current knowledge sees no human 
health concern occurring from a nutritional or toxicological point of view. However, 
. . . ..the committee advises to restrict the dosage of the phytosterols to a maximum of 
8% w/w. At this level serum cholesterol levels drop practically at the same rate as 
with higher doses of phytosterols, but there is less or no drop in serum carotenoid 
levels”. 

.’ During the consultation procedure following the initial -assessment by the .’ 
Netherlands, comments/objections were made by a number of Member States’ 
Authorities. The European Commission therefore decided to submit this dossier to 
the Scientific Committee on Food (SCF) for evaluation of the safety of this product. 
Major questions, concerns and recommendations made by Member States were: 

It was questioned whether the product is actually free of rDNA, 
Appropriate labelling of the phytosterol esters ingredient is needed to reach the 
proper target groups, 
The level of phytosterols permitted to be used in the margarine should be 
limited to a maximum of 8% (w/w), 
Long term clinical studies are recommended to clarify whether the reduction of 
cholesterol absorption will be compensated by increased endogenous 
cholesterol synthesis, 

2 



The assessment of the B-carotene lowering effect should be based on the 97.5th 
percentile of intakes rather than the mean, 
Approval of the product will include validation of health claims, 
Time limited (1 year) permission and post-marketing information should be 
recommended, 
Oxidation products of cholesterol and phytosterols should be addressed, 
Health risk posed by the product to phytosterolaemic individuals should be 
sufficiently taken into consideration. 

These questions, concerns and recommendations are addressed by the SCF in this 
opinion if considered relevant for the safety evaluation. 

3. EVALUATION 

The application submitted by the petitioner follows the Commission 
Recommendations (1). The product falls into Class 1, Subclass 1: a pure chemical 
substance or a simple mixture obtained from sources already in use for food purposes 
in the European Community. According to Regulation 258/97 phytosterols would fall 
under article 1, Paragraph 2, Section e. 

The present evaluation is based on the structured.schemes of the SCF as a guide to 
identify the different aspects required to establish the safety of the novel food (l), on 
the information submitted by the petitioner (2), and on the comments of the member 
states on the initial assessment report made by the Dutch Competent Authority. 

3.1 Specification of phytosterol esters 

With phytosterol esters as a novel food ingredient added to margarine, the applicant 
developed a yellow fat spread that enhances cholesterol-lowering activity in humans. 
This novel food ingredient is the esterification product of phytosterols, mainly with 
polyunsaturated and, in part, monoenoic fatty acids. The common or usual name of 
phytosterol esters is proposed to be “vegetable oil sterol esters”. Phytosterols are 
extracted from the edible oils (soya, maize, rapeseed, sunflower) and esterified with 
sunflower oil fatty acids. The product tested in genotoxicity studies had the following 
specification (results of the analysis of five different batches) (2): 

l Free fatty acids <0.2% (w/w) 
l Total fatty acids 37.0 - 37.7% (w/w), mean 37.4% (w/w) 
l Fatty acid composition (of total fatty acids): 

C16:O 7.5 - 7.6% 
C18:O 4.8- 4.9% 
C18:l 22.6 - 22.7% 
C18:2 65.0 - 65.1% 

l Free sterols 10.5 - 11.8% (w/w), mean 10.9% (w/w) 
l Total sterols 62.3 - 63.0% (w/w), mean 62.6% (w/w) 
l Sterol profile (of total sterols): 
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Cholesterol 0.2 - 0.3% 
Brassicasterol 2.7- 3.1% 
Campesterol 26.5 - 27.0% 
Stigmasterol 17.4 - 18.0% 
D-sitosterol 50.8 - 51.2% 
unknown 1.2- 1.7% 

l Total volatiles <0.5% (w/w) 
l Peroxide values 1.5 - 2.1 meq/kg, mean 1.9 meq/kg 

Based on the variability in sourcing/seasonal variation of the plant sterols, the 
applicant expects the following sterol profile (2): 

Cholesterol 
Brassicasterol 
Campesterol 
Campestanol 
St&master01 
a-sitosterol 
Sitostanol 
DS-Avenasterol 
D7-Avenasterol 
D7-Stigmastenol 
Other 

0.0 - 2.0% of total sterols 
0.0 - 9.0% 

10.0 - 40.0% 
0.0 - 6.0% 
6.0 - 30.0% 

30.0 - 65.0% 
0.0 - 10.0% 
0.0 - 4.0% 
o.o- 2.0% 
0.0 - 2.0% 
o.o- 5.0% 

Phytosterols occur naturally in food as free alcohol, esterified with long chain fatty 
acids (25 - 80% of total phytosterols) and conjugated as glucosides (usually in small 
amounts). The majority of plant oils contains 0.1 - 0.5%, while some germ oils (rice 
bran, wheat germ, oats) contain up to 4% total phytosterols (3). Reduced and low fat 
spreads on the market contain approximately 0.3-0.4% phytosterols. 

The application for this novel food ingredient covers yellow fat spreads with 
increased levels of phytosterols (up to 12%, on average 8%). 

3.2 Effects of production processes 

Phytosterols are by-products of vegetable oil refining. Phytosterols are isolated from 
‘conventional edible oils (soya, maize, sunflower, rapeseed). The conventional caustic 
refining procedure comprises degumming, neutralisation, bleaching and 
deodorization. The last step, a mass-transfer process, by which substances are 
evaporated from the oil under reduced pressure (2 - 10 mbar) and elevated 
temperature (230 - 270’(Z), leads to a distillate making around 0.1 - 0.3 % of oil 
mass and contains 8 - 20 % sterols (details in 5). 

Formulation and process rules currently used to ensure safety of conventional spreads 
have been used for the new products. All materials are produced according to Good 
Manufacturing Practices. All processing materials are of food-grade or equivalent. 
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Storage and distribution temperatures used are the same as conventional spreads and 
the same Hazard Analysis and Critical Control Point (HACCP) schemes are used to 
control product safety and quality. 

Phytosterols from oil from already approved genetically modified plant strains might 
be present in the mixture. The isolated phytosterols are re-esterified with fatty acids 
from sunflower oil. 

The production process of the spread has a history of safe use for ingredients for the 
food industry and it does not affect the composition and structure of the components. 

3.3 History of source organism 

Commercially available and used plant oils from different plants, but mainly from 
soya, sunflower, maize, and rapeseed, are the sources for production of the novel 
food ingredient. These source oils are not derived from plants especially grown for 
this purpose and they are generally not genetically modified, although it cannot be 
excluded that some mixtures contain oils or isolated sterols from GMOs. In this case 
these can be expected to be approved organisms and derived products like the 
Round-up-ready soybean and its products. Thus, whenever labelling requirements 
exist for the use of already approved ingredients derived from GMOs, these 
requirements will also apply to this novel food. 

3.4 Ingredients use in food 

The applicant has applied to use vegetable sterol esters in new vegetable oil-based 
spreads at levels up to 20% (- 12% free sterols). The use of the new product is 
intended to help maintain healthy cholesterol levels as part of a diet low in saturated 
fat and cholesterol. The spread base contains around 40% fat, composed of edible 
vegetable oils which are high in polyunsaturated (PUFA), low in saturated and very 
low in trans fatty acids. The product is not intended for use in cooking. 

3.5 Anticipated intake/extent and consequences of use 

With normal consumption of this kind of spreads being 20 - 30 g/d, the intake of 
phytosterols when using the novel product will increase to about 1.6 - 2.4 g/d, 
amounting to an 8-12 fold increase of the current daily intake from traditional 
products. In the USA plant sterol esters in plant oil-based spreads at levels up to 20% 
are generally recognised as safe (GRAS) (4). 

The main sources of phytosterols in the basic diet are cooking oils and margarines. 
Bread and cereals can also contribute significantly to total phytosterol intake (6). 
‘Reduced-fat health spreads contain 0.3 - 0.4% phytosterols, corn oil margarines are 
highest in phytosterols (0.5%). Vegetables and fruits contain ~0.05% (based on the 
edible portions), except seedlings of barley, beans, peas which contain 0.1 - 0.2% 
phytosterols. Some seeds are also rich sources: sunflower and sesame seeds contain 
0.5 - 0.7%, and legumes can contain 0.22% phytosterols. 

5 



A typical U.S. diet provides approximately 250 mg of phytosterols per day (- 4 
mg/kg bw/d) (7). In the UJX and the Netherlands phytosterol intake was estimated to 
be about 200 mg/d. In the adult Finnish population average intakes amounted to 300 
mg/d (- 5 mg/kg bwid) with an upper limit of 680 mg/d (- 10 mg/kg bw/d). 
Generally the intake of adult vegetarians and their children is higher (up to 40%) than 
the average for the population as a whole (7-9). 

Infant formulae based on cow’s milk contain 0.08 - 0.20 mmol/l D-sitosterol, 0.03 - 
0.10 mmol/l campesterol and around 0.02 mmol/l stigmasterol, while the phytosterol 
content in human milk is negligible and can not be detected using current methods 
(10). 

Oral phytosterol intake of about 3g/d inhibits the intestinal cholesterol absorption, 
probably by blocking the receptors (11). Aiming at a similar blood cholesterol 
modulating effect, studies with hypercholesteraemic subjects have employed dose 
levels of many grams (up to 25 g/d) of phytosterols per day for up to three years (8). 
Such limited total- and LDL-cholesterol lowering effect can be compensated by an 
increased endogenous cholesterol synthesis, unlike the use of drugs suppressing 
synthesis or perturbing the enterohepatic cycle of cholesterol and bile acids, which 
might lead to very low cholesterol levels. In addition, studies have shown that drug 
treatment with statins to reduce cholesterol levels increased the 
phytosteroVcholestero1 ratio by increased absorption. For example, the ratio of 
sitosterol/cholesterol was shown to increase by 200 % (9, 13). This means, that high 
intake of phytosterols could be a potential problem when ingested together with 
cholesterol lowering/inhibiting drugs. 

From marketing data on users and usage of a similar yellow fat spread containing 
phytostanols in the EU, the petitioner concludes that the product is used 
predominantly by people who are more than 50 years old and of relatively high socio- 
economic standing, and that the majority of households using the product consist of 
one or two people. The petitioner’s current sales data for yellow fat spreads 

..’ containing phytosterol esters in USA and Australia indicate a comparable consumer 
profile. .. 

Typical daily consumption of yellow fat spreads in Europe is between 20 and 30 g/d. 
In order to achieve the required cholesterol lowering effects the intake of phytosterols 
- according to petitioner - should amount to 1.6 - 3.6 g/d (expressed as esters 2.2 - 
5.0 g/d). That means that phytosterol concentrations in the yellow fat spread should 
be 6 - 12% (w/w). Estimates of fat spread use of males above 50 years of age in the 
UK and the Netherlands show that the 95th percentile of use is approximately 57 g/d 
and 70 g/d respectively. 

The marketing of the product is focussed on the particular section of the population 
that is trying to control its blood cholesterol levels. 

As indicated by the applicant there is only a small number of people at risk of 
adverse reaction. These comprise individuals with an inborn error of phytosterol 
metabolism (autosomal, recessive); worldwide 50 cases are known (2). Appropriate 
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labelling should assure that phytosterolaemic patients can avoid consuming the 
product. 

Although it is not intended to recommend this product to healthy young adults, or for 
children, these individuals may consume the product when it is available in a family 
home. The initial assessment came to the conclusion that children in Europe are not 
expected to experience negative effects from possible lowered cholesterol levels. 

The new product is intended to replace other yellow fat spreads, Based on the product 
specification the novel food differs from other fat spreads only in the phytosterol 
ester content at the cost of corresponding amounts of non-fat compounds (water). 
Thus there will be no change in intake of nutrients and/or other compounds. The new 
product contains a similar amount of polyunsaturated fatty acids as other so called 
“heart health” products. 

3.6 Nutritional information 

Phytosterol esters are hydrolysed by pancreatic carboxyl ester lipase. Absorption of 
free phytosterols in humans and experimental animals is low: 4 - 5% for p-sitosterol 
and stigmasterol, 9 - 10% for campesterol and brassicasterol (12). At higher dietary 
intake (2000 mg/d), absorption of sitosterol by humans is reduced. In healthy subjects 
campestanol is better absorbed than campesterol (12.5% vs. 9.6% of intake). 
Phytosterol absorption in women was found to be slightly higher than in men (13) 
and higher in children than in adults (14). 

Absorbed phytosterols are transported in the triglyceride-rich lipoprotein (VLDL) and 
chylomicrons, taken up by the liver and then excreted into the bile (15). Circulating 
phytosterols are transported in the blood mainly in LDL and HDL fractions. Tissues 
with LDL receptors such as the liver, adrenals and testes may then take up 
phytosterols and convert them into steroid hormones (16). Since their concentration 
in these tissues is much lower than that of cholesterol, this will not significantly 
contribute to hormone synthesis. However, no information on the relative potency of 
hormones derived from either cholesterol or phytosterols is available. Unabsorbed 
sitosterol and campesterol is converted by the human colonic microflora to 
sitostanoVstigmastanone and campestanol/campestanone, respectively. Among a 
group of 3 1 normal North Americans, 23 high converters have been found converting 
a mean of 83 I!I 9% sitosterol(l7). 

After ingestion of 8.6g phytosterols/d in healthy human adults, faecal concentrations 
of sterols and sterol metabolites increased from about 40 to 190 mg/g dry weight and 
30 to 50 mg/g dry weight, respectively. The major sterol metabolites excreted were 
metabolites saturated at the 5,6-position in P-configuration or metabolites formed by 
oxidation at the 3-position. The faecal concentration of 4-cholesten-3-one was 
slightly but significantly increased (about 2 mg/g). Faecal secondary bile acid 
concentration was reduced. The formation of small amounts of oxysterols could not 
be excluded, but considered to be unlikely (18). Phytosterols in food can be oxidised, 
particularly at higher temperatures (>180 “C) (19). Oxidation products (7-hydroxy- 
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and 7-keto-components) are formed at very low levels which are similar to other 
plant oil products containing phytosterols and are also poorly absorbed (2). 

If the product is consumed on regular basis (20 - 25 g phytosterol-enriched spread 
daily, equivalent to 1.6 - 2.0 g phytosterols/d) then the average lowering of plasma 
LDL-cholesterol will be 8 to lo%, relative to initial plasma levels (4.16 Z!Z 0.5 to 6.54 
+ 0.61 mM). The reduction in blood cholesterol levels of the magnitude anticipated 
from consumption of phytosterol-enriched spreads is safe in those individuals who do 
not have elevated plasma cholesterol levels. This was confirmed by the results of the 
three-year Dietary Intervention Study in Children (DISC). In 8 - 11 year old children 
a diet low in fat, saturated fatty acids and cholesterol lead to a modest decrease in 
LDL-cholesterol, while maintaining adequate growth, iron status, nutritional quality 
and psychological well-being during the critical growth period of adolescence (20). 
Children and adults would not be expected to experience any adverse effect on 
metabolism when their blood cholesterol is lowered. The novel food is intended to be 
used by population groups above 50 years of age, who try to control their elevated 
blood cholesterol. 

At levels of phytosterols in spreads of 3.4, 6.5 and 11 - 13% (w/w) in short term (21) 
and 8% (w/w) in a one-year follow-up study (2) the new product is equally effective 
in lowering LDL cholesterol by 8 - 1 O%, relative to the initial plasma level. At 11 - 
13% of phytosterols in the fat spreads no appreciable effect on the fat-soluble 
vitamins calciferol, tocopherols and phylloquinone was noticed, but a 10% reduction 
of a- and &carotene as well as lycopene was observed. This reduction of 10% itself 
seems not to be of physiological relevance, but, considering a long term exposure and 
taking into account the 97.5 percentile of intake, the decline of &carotene levels 
might be higher. 

In the initial assessment by the Dutch competent authority it was expected that a 
maximum of 8% (w/w) phytosterols will cause little or no drop in serum carotenoid 
levels. 

The applicant considered the points raised by some member states after the initial 
assessment and commissioned a one-year follow up study (2) with healthy subjects 
using fat spread containing 8% (w/w) phytosterols (the preparation contained 38g fat 
in 100 g spread). A report with the results of this study was forwarded to the SCF. 
The results can be summarised as follows: 

When adjusted for total lipids no statistically significant changes after week 
26 and week 52 were found for lutein, zeaxanthin, B-cryptoxanthin, lycopene 
and a-carotene. Only &carotene was significantly (p=O.O37) decreased at 
week 52; the level dropped by 24% (21% when lipid adjusted) as compared 
with the initial level at time point 0. This significant drop of B-carotene level 
occurred after 52 weeks despite the fact that the tested new fat spread 
contained a maximum of 50 mg carotenoids per kg fat (mainly &carotene and 
lycopene added for coloration). The reduction was twice that observed in the 
short-term studies with 12% phytosterols. Nevertheless, it can be seen from 
the week 0 results that there is a large variation within the normal range for 
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plasma B-carotene levels, that there are also seasonal variations and that this 
reduction is within normal range (Table 1). 

Table 1: Changes in plasma o-carotene levels in one-year follow-up study 
(data from ref.2, dot. ref. D99/047) 

The reduced plasma B-carotene levels might become more relevant when the 
vitamin A status is not optimal. This is the case for pregnant and lactating 
women as well as younger children. 

There were no significant differences in the plasma levels of retinol, 25-OH- 
cholecalciferol or a-tocopherol (total lipid adjusted) during 52 weeks of 
study. Phylloquinone status was not statistically different between test and 
control groups after 26 weeks of study. 

There was a significant cholesterol-lowering effect of phytosterol esters 
enriched margarine throughout the one-year duration of the study (2). 

There were no side effects seen in the individuals during the study. 

3.7 Microbiological information 

Spreads containing phytosterol esters have been tested for their microbiological 
stability and have been found to be similar to conventional spreads. The production 
process and the inherent properties of the novel products give no rise to concerns of 
microbiological risk. No data indicate an effect on the intestinal flora in terms of 
bacterial profile or metabolic activity beyond natural variations (2). 

3.8 Toxicological information 

The toxicological information available on phytosterols and phytosterol esters 
comprises data from studies on absorption, distribution, metabolism, and excretion 
and on (a) subchronic toxicity, (b) genotoxicity, (c) reproductive toxicity, (d) 
potential estrogenic activity and from (e) human studies: 

(4 In a 13-week feeding study with rats, a mixture of phytosterol esters, obtained 
mainly from soya bean oil and re-esterified with fatty acids from sunflower 
oil, was tested at dosages of 0.16, 1.6, 3.2 and 8.1% in the diet. The mixture 
contained 62% total sterols consisting of mainly p-sitosterol (48.7%), 
campesterol(25.8%) and stigmasterol (2 1.6%) with only 1 . l.% brassicasterol. 
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(b) 

cc> 

Neither D5- and D7-avenasterol nor D7-stigmastenol were present. Apart 
from some minor changes in haematology and clinical-chemical parameters, 
no relevant toxic effects up to the highest dose of 6.6 g/kg bwlday 
(corresponding to 4.1 g phytosterolsikg bw/day) were found (22). 

Phytosterols (47.9% p-sitosterol, 28.8% campesterol, 23.3% stigmasterol) and 
phytosterol-esters (47.3% p-sitosterol, 28.1% campesterol, 24.1% 
stigmasterol) show neither evidence of mutagenic activity in the bacterial 
mutation assay with Salmonella typhimurium (strains TA 1535, 1537, 98 and 
100) nor clastogenic activity in tests on chromosomal aberrations with human 
peripheral blood lymphocytes in vitro both in the presence and absence of S-9 
mix derived from rat livers. 
In addition, two in vivo genotoxicity studies were conducted using a 
phytosterol ester mixture containing 0.3% cholesterol, 3.0% brassicasterol, 
28.1% campesterol, 0.8% campestanol, 18.7% stigmasterol, 45.5% IJ- 
sitosterol, 2.6% Q-sitostanol, 1.1% DS-avenasterol and 1.9% others. Using an 
in vivolin vitro procedure the mixture did not induce unscheduled DNA 
synthesis (UDS) in the livers of orally dosed male rats (once with 2000 
mg/kg). In another study in rats the plant sterol mixture did not induce 
micronuclei in the polychromatic erythrocytes of bone marrow of male rats 
treated up to 2000 mg/kg/d (2, dot. ref. D00/004). 
Neither 4-cholesten-3-one, an oxidation product of cholesterol increased in 
volunteers fed phytosterols, nor SP-cholestan-3-one showed mutagenic 
activity when tested in the bacterial mutation assay with five strains of 
Salmonella typhimurium. Furthermore, none of the substances showed a 
clastogenic potential in the in vitro chromosome aberration assay with human 
lymphocytes (23,24). 

A variety of effects on the reproductive system such as antiandrogenic action 
in rabbits and decrease in testicular weight and sperm concentration in rats 
have been reported for l3-sitosterol and phytosterol-rich extracts (25, 26, 27, 
28). These observations have been made after administration by the 
subcutaneous route and/or with phytosteroi preparations, the purity of which 
was not specified. 
However, in a two-generation reproduction study in rats, phytosterol esters of 
the same composition as in the 13-week study had no effect on the 
reproduction of the FO and F 1 -generations, nor on the development of the F l- 
and F2-pups, nor on the sexual maturation of the Fl-weanlings nor on 
oestrous cycles. A dietary phytosterol ester concentration of 8.1% was shown 
to be the no-observed-adverse-effect level (NOAEL). This was equivalent to a 
.dose of 2.5-9.1 g/kg bwiday depending on the period during the study (29). 

(4 Orally administered R-sitosterol of unknown purity increased uterine weight 
in rats receiving a low dose for 30 days (6.2 ug/dl in drinking water). This 
weak oestrogenic response was not observed at higher doses (12.4 ug and 
18.6 ug/dl) (30). 
In contrast to these studies, uterotrophic assays with immature female rats 
orally gavaged with phytosterols (47.9% p-sitosterol, 28.8% campesterol, 
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23.3% stigmasterol) and phytosterol esters (47.3% p-sitosterol, 28.1% 
campesterol, 24.1% stigmasterol) in doses of 5, 50 and 500 mgkg bw/day for 
3 days did not reveal any oestrogenic response using uterine weights as the 
end point. In addition, phytosterols of the same composition did not display 
oestrogenic activity in a recombinant yeast assay for oestrogenic potential, nor 
did they show binding in a rat uterine cytosol oestrogen receptor binding 
assay (31). These studies, together with the two-generation reproduction 
study, provide sufficient reassurance of absence of endocrine effects via the 
oral route. 

In a 3-week study with 12 men and 12 women who consumed 5.8 g 
phytosterols (in 40 g margarine) per day no changes in the sex hormone levels 
in females was shown (18). Two double-blind placebo-controlled 14-week 
tests did not provide evidence for any adverse effects on haematological and 
clinical parameters (21,32). These trials and the one-year follow-up study 
using phytosterol esters (8% w/w expressed as phytosterols) in the fat spreads 
were carried out primarily with the view to assessing the cholesterol lowering 
effect of phytosterol esters. These tests have not reported any toxic effects 
relating to the phytosterols. 
Phytosterol preparations are used for the medical treatment of benign prostatic 
hyperplasia. A number of placebo-controlled, double-blind clinical trials was 
conducted with preparations of uncertain compositions said to be mainly p- 
sitosterol. With doses of 20 mg p -sitosterol three times per day (33) and 130 
mg R-sitosterol daily (34), significant improvements in symptoms and urinary 
flow parameters were reported (35). The mechanism of this effect and the 
active ingredient remains to be determined. Side effects have not been 
reported. 

4. CONCLUSIONS 

- The Committee considers that the dossier and the additional information 
submitted during 1999 and 2000 is complete and follows the SCF 
recommendations. The novel food, phytosterol esters in yellow fat spreads, has 
been correctly classified as Classl, Subclassl, a pure chemical substance or 
simple mixture obtained from sources already in use for food in the European 
Community. 

- The new yellow fat spread differs from conventional fat spreads/margarine by its 
phytosterol origin (obtained from edible vegetable oils), their chemical structure 
(esters with long chain unsaturated fatty acids of sunflower oil) and concentration 
(about 16 - 24-fold higher than the conventional product). This concentration will 
increase the total intake of phytosterols by 8 - 12 times, compared with traditional 
products. 

- Based on extensive toxicological testing of phytosterol preparations in a 13-week 
feeding study with rats, in a two-generation feeding study with rats, in studies on 
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oestrogenic potential and in tests on genotoxicity, no safety concerns were 
apparent. 
The safety in use of phytosterols has been demonstrated for mixtures of 
predominantly fl-sitosterol, campesterol and stigmasterol and/or their esters with 
fatty acids, to which the specification of the new product should be restricted. The 
phytosterol profile of 30-65 % Ij-sitosterol, lo-40 % campesterol, 6-30 % 
stigmasterol and a total of 5% other phytosterols, based on total sterol content 
(w/w), is considered acceptable by the Committee. 

- The Committee considers that the very small number of people with inborn error 
of phytosterol metabolism (phytosterolaemia) should be made aware of the 
presence of higher levels of phytosterols in this product and that patients on 
cholesterol-lowering medication should only consume the product under medical 
supervision. 

- Ingestion of 20g per day for one year of products containing 8 % free phytosterols 
reduced plasma S-carotene concentrations by 20%. Although the S-carotene 
concentration was still within the normal range and within normal seasonal 
variations, such a reduction in plasma (J-carotene levels might become more 
relevant for persons whose vitamin A status is not optimal. The Committee is 
therefore of the opinion that this B-carotene lowering effect should be 
communicated to the consumer, together with appropriate dietary advice regarding 
the regular consumption of fruits and vegetables. 

- Given the overall evaluation of the submitted information the Committee 
concludes that the use of phytosterol esters in yellow fat spreads at a maximum 
level corresponding to 8% free phytosterols is safe for human use. 

- The Committee is of the opinion that the applicant should perform, in accordance 
with Chapter XI in the Annex of Commission Recommendation 97/618/EC (l), a 
post-marketing surveillance study to obtain data on consumption and further 
investigation of possible health effects, among others the effects on plasma l3- 
carotene levels. The Committee will wish to review this information when it 
becomes available. 
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Specialirr Subjecr Edirots: W. L. Hots and D. KRITCIEVSKY 

EFFECT OF PLANT STEROLS ON SERUM LIPIDS AND 
ATHEROSCLEROSIS 

0. J. POLLAK 
9 Kings Highway, Dover, Delaware 19901, U.S.A. 

INTRODUCTION 

Experimental hypercholesterolemia leads to initiation and progression of intimal arterial 
lesions. Spontaneous hypercholesterolemia does not always lead to atherogenesis. For 
example, Racer Homar pigeons have the same degree of hypercholesterolemia as White 
Cameau pigeons, but only the latter develop arterial lesions (Lofland, 196.5). For man. the 
relationship between hypercholesterolemia and atherogenesis is not clear-cut, except for 
primary, monogenic, endogenous, familial hypercholesterolemia of homozygous type 
which is accompanied by premature atherosclerosis. 

Experimental atherogenesis can be prevented or mitigated by -preventing or mitigating 
hypercholesterolemia. The degree of plasma cholesterol elevation can be reduced. In man. 
the degree of hypercholesterolemia can be lessened and progression of cholesterol elevation 
can be prevented or slowed. 

The plasma cholesterol pool is a mix of endogenous and exogenous cholesterol. The mix 
is not perfect. endogenous cholesterol being absorbed more rapidly and more completely 
than exogenous cholesterol. This has been demonstrated in chicks by differential labeling 
of the two sources, using phytosterols as inhibitors of dietary cholesterol resorption (Sklan 
ef al., 1977). The observation can be safely extrapolated to man. Homeostatic regulation 
must never be forgotten. 

In man, exogenous sources of cholesterol other than dietary play either no role at all. 
or a minor or a rare role, compared to alimentation. Thus, most efforts to inhibit or to, 
reduce hypercholesterolemia are targeted against dietary cholesterol. Since all mankind 
ingests some cholesterol which then contributes to the pool the dietary source should be 
controlled universally, regardless of other sources and of the level of plasma cholesterol. 
One of the means for regulating dietary cholesterol is based on preventing its resorption 
from the jejunum. And, one of the ways to accomplish this is by ingestion of phytosterols, 
particularly, /3-sitosterol. This justifies including a chapter on phytosterols in the 
Encyclopedia. 

The dual title of the Encyclopedia implies that therapy need not always be pharmacal. 
Dietary treatment of diabetes mellitus is cited here as an example of non-medicinal 
therapy. Pharmaceuticals, though mostly used for treatment, are sometimes used for 
diagnostic purposes. An example are pituitary hormones used for differentiating between 
primary and secondary endocrinopathies. Beta-sitosterol can be profitably used for 
differentiating alimentary hypercholesterolemia from other forms, for determining the 
amount dietary cholesterol contributes to the pool, for estimating to what extent a 
sitosterol regimen would reduce an elevated plasma cholesterol level. Moreover, sitosterol 
can be used preventively and therapeutically for regulating plasma cholesterol. Lastly, it 
can be ingested in the form of medication or as a natural constituent of many foods. 

I. PHYTOSTEROLS 

In the course of discussion it will become clear why the terms phytosterols, plant sterols, 
sitosterol or /I-sitosterol are being used interchangeably. At least 44 phytosterols have been 
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identified in seven classes of plants, with up to 20 sterols in a single plant (Bean, 1973). 
Beta-sitosterol is present in more plants than any other phytosterol and it is usually present 
in larger quantity than other sterols. It is by ,far the most important plant sterol-for 
pharmacists and dietitians, for physicians and patients, for all man. 

Beneke, 1862, discovered a sterol in peas and assumed it to be cholesterol. A few years 
later, ergosterol was found in the ergot fungus of maize and sitosterol was found in cereal 
grain. It took fifty years before empirical and structural formulas were established for 
stigmasterol and sitosterol. For many ‘years, identification of sterols was based on 
determining the melting point and the optical rotation of purified sterols, ofsteryl acetates 
and steryl benzoates. Today, sterols are identified by sophisticated methods and devices, 
including many types of chromatography, electrophoresis, spectrophotometry, radiology, 
molecular rotation and nuclear magnetic resonance; These methods are being applied to 
pure sterols obtained by repeated recrystallization, to steryl esters, steryl-r>-glucosides and 
steryl digitonides. 

In nature, phytosterols are present in pure form, esterified, or conjugated as glucosides. 
Three plant sterols, namely, fl-sitosterol, campesterol and stigmasterol, are most frequently 
encountered in the flora and have been studied most, although a few others have also 
attracted attention. Phytosterols are in ornamental plants, medicinal herbs, edible plants, 
shrubs and trees. They are in seeds, seed oils, roots, stems and branches,‘leaves and 
blossoms, though not in equal total amounts or equal proportions in various parts of a 
plant or a tree. 

The phytosterol content, or that of any of the sterols, is not constant. The growth of 
plants varies with geographic location, altitude, climate, sunshine and rain, with acidity 
of the soil, with photoperiods and seasons. The sterol content varies from class to class, 
from crop to crop, and between members of the same genus or family. Various parts. 
including the edible parts of plants, are not affected equally by all or some of the external 
factors. Added to natural fluctuations, such as occur with growing and aging, are those 
introduced by man. Using natural against chemical fertilizers plays a major role. 
Differences caused by timing of seeding and timing of harvesting have been recognized for 
medicinal plants 2000 years ago by Tibetan monks and to this day proper timing is being 
annually revised in conformity with the astrologic calendar (Pollak, 1984). The com- 
position of food is altered by processing, transportation, refrigeration or lack of such. 
storage, by preservatives and coloring and, of course, by food preparation. All this has 
to be considered when prescribing a diet. 

Although of scant practical importance, differences in phytosterol content between cell 
membranes, mitochondria, chloroplast, lysosomes and nuclei have been investigated far 
.more thoroughly than some important features. References to all the variables were 
recorded by Pollak and Kritchevsky (1980) in a monograph on “Sitosterol”. Their bock 
a-llows for omission of most of its 956 references. Some have to be repeated as needed 
background. There is a challange not to present an abstract of the monograph or its second 
edition, to offernew information and new ideas to those familiar and those not acquainted 
with the book. 

2. PHYTOSTEROLS AND ZOOSTEROLS 

At the time phytosterols were discovered a sharp line was drawn between sterols in the 
flora and sterols in the fauna. A third type, the mycosterols, was later added to the Plan1 
sterols. Since 1957, reports were mounting on the presence of zoosteroIs-cholestero’* 
24-methylene-cholesterol, 7,22-dehydroxycholesterol, desmosterol-in the flora. From 

I962 on, the presence of /?-sitosterol, stigmasterol and campesterol has been reported in 
the fauna. The parallel between animal steroid hormones and phytohormones has be’” 
revealed, with emphasis on fi-sitosterol acting as a mild phytoestrogen. 

Zoosterols, principally, cholesterol, have been found in many plants. phytosterols* 

predominantly, fl-sitosterol, have been found in few animal species, only. With sonfc 

exceptions-the most impiortant to be mentioned-the amounts of sterols which c roSsed 



It (Bean, 1 
; usually pr 

sterol+ 
-r;, 

-01. A few yw 
found in cereal 
established for 
was based on 

If steryl acetates 
Ids and devices, 
etry, radiology, 
*ing applied to 
-glucosides and 

d as glucosides. 
most frequently 
thers have also 
s, edible plants, 
aes, kaVa and 
ious 

4 
arts of a 

The growth of 
in, with acidity 
1 class to class, 
Various parts, 
of the external 

5, are those 
major role. 

I rtxognizd for 
timing is being 
84). The com- 
r lack of such, 
m. All this has,: 

)h or its second ; 
not acquainted t 

n sterols in the 
ed to the plant 
s-cholesterol, 
e flora. From . 
:en reported in 
iones has been 

.jhytosterols, 
ly. With some” ’ 
which crossed . 

..* 

Effect of plant srcrols on serum lipids 

over from or to flora and fauna are small and insignificant. aus, for practical reasons. 
continued use of the old terminology separating sterols into phyto- and zoosterols ma! 

, be acceptable. 

2. I. Zoosmou IN THE FLORA 

Cholesterol, to a lesser extent 24-methylenecholesterol, have been identified in man!. 
plants. They are present in microorganisms, algae, cacti, medicinal herbs, ornamental 
plants, weeds and shrubs, also in such edibles as spinach, oats, beans, nuts, potatoes. 
oranges and apple seeds. Mostly. the amounts are less than 1% of total sterols. 

Of ten or more species with a relatively high cholesterol content four are singled out-for 
various reasons. The maximum amount of cholesterol, namely, 50% of total sterols. was 
found in Hypochoeris radiuro, the “cat’s ear” (Devys and Barbier, 1965). This plant is 
closely related to the edible Turu.uum ojicinale, the “lions tooth” or “dandelion”. which 
contains no cholesterol at all (Westennan and Roedick, 1981). In cotton bud, one-half of 
esterified sterols were identified as cholesteryl palmitate, whereas cholesteryl-D-glucosidc 
and free cholesterol were present in small amounts (Thompson er al., 1970). Their data 
are presented in condensed form in Table I, not because of practical importance but as 
a representative example of sterol distribution in the flora. 

TABLE 1. Per cent Dihburion ojSierols in Cotton Bud 

Slerols 
Free 

Stigmasterol 
Cholesterol b-sitosterol & Campesterol 

1.6 57.3 37.2 
Estcdicd 50.6 49.4 0 
Glycosides 4.3 80.5 19.2 
Esterified glycosides 4.7 18.7 7.5 

Among lower plants, the light green algae, Euglena gracifis, have 12% of cholesrcrol 
(Brandt ef al., 1970), a fact which could become important if seeweeds were to become 
part of the western diet. In Japan, where kelp is widely consumed, the cholesterol content 
of algae may not play a role as part of a generally cholesterol-poor diet. Far more 
significant are persistent and consistent reports-of which only two are cited-on 
Solanaceae. In solunum tuberosum, the potato, there are four sterols: 12% cholesterol. 48?0 
/I-sitosterol, 36% stigmasterol and 3% campesterol (Ardenne er al., 1965). Cholesterol- 
4-“C administered to potato sprouts converted to the atherogenic metabolite 
24-hydroxycholesterol and to cholest+en-3-one (Heftmann and Weaver, 1974). Potatoes 
are the main staple in the western world. As part of a high caloric diet, they could 
contribute to alimentary hypercholesterolemia. Pollak, in 1961, and repeatedly thereafter. 
has pointed out the low incidence of myocardial infarction in rice-eating populations 
contrasting with the high incidence in potato-eating Westerners. 

2.2. CONVERSION OF PHYTOSTEROLS TO Zoosmou 
Conversion of sterols takes place in some plants, in many insects and in some helminths. 

The bibliography on this subject is large and still growing. A single reference must suffice. 
Allais et 01. (1971) fed honey bees, Apis me/ifica L. 3H-fl-sitosterol and found that at 
termination of the study cholesterol had increased by the same amount by which sitosterol 
had decreased. Seven possible pathways by which phytosterols could be converted to 
desmosterol and cholesterol were cited by Pollak and Kritchevsky (1980). 

2.3. FHYTOSTEROLS M THE FAUNA 

Only the three major plant sterols, /I-sitosterol, stigmasterol and campesterol were found 
in several species. Others, namely, ergosterol, brassicasterol and a-spinasterol, were not 
found often. The major sterols were discovered in paramecia, trichomonas and tet- 
rahymena species, in amoeba hisrolytica, in many phyto-, zoo- and oligophagous insects. 
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in lobsters and prawns. Because of the small amounts present in invertebrates, the data 
are of academic interest only. 

To illustrate the distribution of the three main phytosterols in subhuman vertebrates. 
one report is being mentioned. In the green turtle of New Guinea, Chelonia mydas rn)vdas 
Linne, Minato and Otomo (1969) found 3% fl-sitosterol, 0.2% campesterol and 0.189,0 
stigmasterol. 

The presence of phytosterols in higher vertebrates, particularly, in humans, is important. 
Between 1974 and 1979, Mellies et al. (1979) assayed phytosterols in the blood serum of 
infants on breast milk, whole milk, or formula, and in children on a normal diet, or on 
a low-cholesterol and high phytosterol diet. Their important finding was lack ofcorrelation 
between mother and child, in spite of good correlation between maternal serum and milk 
and in spite of proven transplacental passage of plant sterols. The latter was documented 
by sterol assays in the aorta of an abortus at 30 weeks gestation and in the aortae of two 
neonates. The highest mean blood serum levels were 3.53 mg/dl for /?-sitosterol and 
0.72mg/dl for campesterol in nine infants fed formula. Their total for total phytosterols 
comes close to the 4.74/mg/dl of ,Y-sitosterol recorded by BBhle ef al. (1964). They 
examined 18 healthy adults and 12 patients with hypercholesterolemia-hyperlipidemia and 
atherosclerosis. In health, the fi-sitosterol level was 6.66 times higher than in disease. 
Comparable results were reported by several other investigators. 

Sterol distribution in neoplastic tissues attracted special attention. Huddad et aI. (1970) 
found no differences in plasma phytosterols of 11 normal women, 7 with lactating breasts 
and 14 with mammary carcinoma. In normal tissues there were 7.71 n/g of phytosterols. 
in cancerous tissues, 7.23 n/g. However, Whitney ef al. (1973) reported that serum 
phytosteryl acetates equaled 14.1 n/ml in 14 women with breast cancer, 35.6 n/ml in -1 
healthy women, and 74.1 n/ml in 9 healthy men. Data of others on benign and malignanr 
breast lesions do not add additional information. 

2.4. ABSORPTION OF PHYTOSTEROLS 

The discrepancy between plasma cholesterol and plasma phytosterol values is consid- 
erable. Many have specuiated on the reasons. Ingested in small amounts, resorption of 
phytosterols is negligible. Lees and Lees (1976) reported that on ingestion of 3 g sitosterol 
per day the plasma fl-sitosterol was 0.47-2.07mg/dl on intake of 6 g/day, it was 
0.62-2.34 mg/dl. There was only vague relation between the ingested dose and the plasma 
level. This was confirmed when a much larger amount was given: 18 patients received dail) 
about 18 g /?-sitosterol (as 18 g “Cytellin”) upon which their plasma sitosterol was between 
0.37 and 0.85 mg/dl, averaging ,0.48 mg/dl. 

Answers to the reasons for low phytosterol levels were sought since the low absorbabilit: 
of. plant sterols was first reported by Schiinheimer in 1929. The voluminous bibliograph) 

0 
has been reviewed by Pollak and Kritchevsky (1980). The problem is still being 
investigated. 

The absorbability of sterols has been studied in cirro and in uivo. Kreuter et al. (1981’ 
used two-chamber diffusion cells and determined that the permeability coefficient for 
fl-[4-‘4C]sitosterol was four times smaller than for [4-‘4Cjcholesterol. Ikeda and Sugan“ 
(1983) found that mixed bile salt micelles solubilized both sterols to comparable extent. 
when applied singly, but that on simultaneous application sitosterol restricted cholestero! 
solubility. Uptake of P-sitosterol was one-fifth of the uptake of cholesterol. The ability Of 
the jejunal brush-border membrane to discriminate between sterols would be a major 
factor for specific sterol absorption. In vitro experiments with rat jejunal villous cell’: 
performed by Child and Kuksis (1983a,b), led to the observation that 7-dehydrocholestcfol 
was absorbed four to five times faster than 7-dehydrositostero]. They concluded th;i! 
B-sitosterol is unable to enter the brush border vesicles and that selective absorption @’ 
a sterol depends on the ring system having the bulk of the cholesterol nucleus though no’ 
necessarily a rigid or polar one containing OH group. The second conclusion has bLyn 
challenged by others who consider the “bulkiness” of the side chain structure of @“” 
sterols as the obstacle to penetrating the cell membrane and, thus, to their transmem 
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passage. This concept finds support of in uivo feeding experiments in which sterol uptake 
by rat small intestine was studied (Bhatiacharyya, 1981), further, from dietary experiments 
with Rhesus monkeys (Bhattacharyya and Eggen, 1981). Of particular interest is their 
cbscpvation that some monkeys are low and others are high responders to cholesterol and 
to campesterol. After six weeks of a 2% dietary supplement, one group had 0.24 mg/dl, 
the other, 1.65 mg/dl plasma campesterol. Curiously, /3-sitosterol was not absorbed 
by either group of the monkeys. Certainly, humans, too, differ with regard to sterol 
absorption. 

2.5. HYPERPHYTOSTEROLEMIA 

The number of “high responders” to phytosterols among humans is small. The first 
report, on two female siblings, 23 and 21 years of age, was made by Bhattacharyya and 
Connor in 1974. A third instance was reported by Schulman et al. in 1976 about a 31 year 
old female, with onset of her disease dating back to age of 18 months and fully developed 
xanthomatosis at age of 13 years. The plasma sterol distribution in the first three patients 
with proven hyperphytosterolemia is presented in Table 2. 

A fourth report was made by Miettinen in 1980. It concerned a male with xanthomatosis 
and premature coronary disease requiring a triple bypass at age 29, disposed at first as 
familial hypercholesterolemia until it was found that, while the serum cholestrol level was 
normal, serum phytosterols equaled 22-26% and biliary phytosterols equaled 27-30% of 
total sterols. The phenomenon was ascribed to unusually high absorption of plant sterols, 
to impaired sterol elimination and to low cholesterol synthesis. Kwiterowich ef al. (198 1) 
were stimulated by the death due to coronary atherosclerosis of a 13 year old Amish boy 
to investigate his family history. Five of the boy’s 12 siblings had tendon tuberous 
xanthomas and phytosterolemia, especially hyper-/J-sitosterolemia. In the five siblings 
plasma apolipoprotein of LDL, i.e. B protein, was very high, with a mean of 173 mg/dl, 
while LDL-cholesterol was only moderately increased, to 209 mg’dl. Four asymptomatic 
siblings and the parents had also increased B protein, normal or only mildly elevated total 
and LDL-cholesterol. Then, the two patients, first described in 1974 by Bhattacharyya and 
Connor were reviewed in 1981 by Kwiterowish et al. (one of the reviewers and co-authors 
being Connor). Their normocholesterolemia and hyperphposterolemia had persisted for 
the six years, LDL-B protein was found to be increased. Three of their grandparents, their 
mother, father (suffering from angina pectoris) and two uncles had normal total serum 
cholesterol, normal LDL-cholesterol and increased LDL-B protein. It was concluded that 
the two sisters were homozygous for a mutant allel and that heterozygous could be 
identified by increased LDL-B protein, even in absence of phytosterolemia. 

Matsuo er al. (198 1) described the first Japanese patient with both, hyperlipoproteinemia 
IIa and phytosterolemia, who had tuberous xanthoma. Wang er al. (1981) recorded the 
first Chinese with the complex findings of j3-sitosterolemia, mild campesterolemia, 
cerebrotendinous xanthomatosis, severe coronary atherosclerosis, hemolytic spherocytic 
anemia and defective synthesis of chenodeoxycholic acid. Co-existing phytosterolemia and 
cholestanonemia in a patient led Lin ef al. (1983) to a year-long study of the turnover of 
intravenously administered 22,23-‘H-sitosterol and 4-“Ccholesterol. The half-lives of 
exponential curves for sitosterol were abnormally long and daily turnover for fl-sitosterol 
was ten times greater than in healthy subjects. Upon isolating three pentols from the urine 
and feces of a patient with sitosterolemia and xanthomatosis, Duval et al. (1985) suggested 
an abnormality in bile synthesis as causing the disease. 

TABLE 2. Plasma SreroLs (mg dl) in rhe f&r Three Reporred Insrances of Fwnilial 
Hyper-b-sirosrerolemia 

Phytosterols as % 
Cholesterol B-sitosteroi Campesterol Stigmastcrol of total sterols 

203 37 10 8:: 18.1 
206 17 8 11.9 
242 12 6 trace 7.1 
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The cited reports do not reflect the total number of families with phYtostero]emia, 
However, the publications serve as a reminder that all patients with xanthomatosis and 
their families should be studied. All should have detailed sterol assays. Excessive ingestion 
of phytosterols should be avoided in those who are prone to hypet-phytosterolemja. An 
interesting offshoot to such investigations is a report by Fleischmajer et a/. (1981) on a 
norrnolipemic patient with tendon and tuberous xanthomas, without hYpercho]estero]- 
emia, broad-b-disease, or fl-sitosterolemia. 

3. SITOSTEROL-CHOLESTEROL INTERPLAY 

Successful prevention or reduction of hypercholesterolemia using a sitostero] regimen 
lies in recognizing the principle by which such regimen operates. For man, the selection 
of proper subjects based on proper classification of hypercholesterolemia is the first 
requirement for SUCCESS, the second being compliance with instructions which have been 
proven when sitosterol was first introduced as plasma cholesterol depressant. 

Several theories have been advanced concerning the mode by which intake of 
p-sitosterol leads to plasma cholesterol reduction. First, results of animal experiments in 
which sitosterol was fed together with cholesterol, and next, the results of balance studies 
in animals and in humans led to the conclusion that fi-sitosterol, also, fl-sitostano]. 
interfere with the resorption of cholesterol from the intestinal lumen. The bibliography has 
been reviewed bY Pollak and Krichevsky (1980). There is no need to recapitulate past 

a studies or to cite new studies lest they add new information. 
The question as to whether sitosterol could combine with cholesterol to form large, 

unresorbable crystals has been studied but not resolved. The concept found support by 
reports on presence of mixed crystals of two or three sterols in plants, and by results of 
solubility studies of mixed crystals in oils and bile acids, in vifro and in vim. Similar 
experiments concerned the formation of micells with triglycerides, fatty acids and bile 
acids, and on partition between micellar and emulsion phase, with sitosterol lowering 
cholesterol activity in the particulate fraction, 

Adsorption of cholesterol on the surface of phytosterols was ruled out by experimental 
results. However, aggregation of sterols has not been sufficiently studied. The possibility 
of sitosterol promoting cholesterol excretion has been considered. Isolated reports were 
made on differences in the conversion of cholesterol to coprostanol in rats fed sitostero] 
plus bile acids. The effect of fl-sitosterol on cholesterol synthesis has been studied, with 
negative results. Marked suppression of cholesterol biosynthesis results from marked 
suppression of cholesterol resorption, be it due to sitosterol or other agents. 

Reports on competitive esterification outnumber reports on all the other suggested 
modes. Some investigators believe that esterification is essential for cholesterol resorption: 
others believe that esterification enhances resorption. If /?-sitosterol should deviate fatty 

.o acids it would follow that sitosteryl esters would be formed instead of cholesteryl esters. 
This has not been proven. Be it as it may, esterification does not affect the side chain Of 
fl-sitosterol and it is the side chain structure which prevents penetration of the ce]’ 
membrane. While reducing cholesterol resorption, /3-sitosterol by itself is not resorbed, 

Most of the recent studies focus on the influence of b-sitosterol on esterifying enzymes 
Regrettably, most studies were and are being made with rats and other small anima”* 
although it has been recognized that there are distinct species differences with regard to 
sterol absorption. Conclusions are not uniform. 

Kritchevsky et al. (1975) found that rabbits fed fi-sitostero] have a cho]e 
synthetase/cholesteryl hydrolase ratio in aortic tissue which was 64% higher than th 
in control tissue and 177% higher than in presence of cholesterol. Ide e[ al. (1980) checked 
cholesterol synthetic activity in fasted-fed rats. Ingestion of b-sitosterol depressed liver 
cholesterol and enhanced cholesterol excretion as neutral steroid. It did not increase 
hepatic 3-hydroxy-3-methyiglutaryl coenzyme-A reductase, nor cholestero] sYntheLax’ 

In t:iuo dual isotope ratio and observation in siiu of rat intestinal loop was 
Shidoji ef al. (1980). Onjntake of 500 mg, cholesterol absorption equaled 44% of the Ora’ .\. 
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dose while /3-sitosterol absorption was only 5.4% of the.doL?Cholesterol absorption 
decreased with increasing doses of /?-sitosterol. This was ascribed to enzymatic action. 

Kuroki et al. (1983) attributed the effect of feeding female hamsters either cholesterol 
or ;itosterol to hepatic 12a-hydroxylase activity. This enzyme was inhibited by 63% on 
cholesterol feeding and by 30% on sitosterol feeding. Cholesterol caused increase in 
chenodeoxycholic acid and lithocholic acid in the bile, accompanied by a reciprocal 
decrease in biliary cholic acid. Sitosterol had no significant effect. On cholesterol intake, 
serum and liver cholesterol increased whereas both decreased on sitosterol intake. 

Field and Mathur (1983) fed rabbits coconut oil plus/minus fi-sitosterol or cholesterol, 
or both sterols. Acyltransferase-dependent esterification rate of /?-sitosterol was slower 
than that of cholesterol. ACAT-Co-A-dependent esterification of cholesterol was at least 
60 times greater than that of fl-sitosterol. They concluded that the reason for poor 
absorption of sitosterol lies in its inadequate esterification. This may be questioned since 
sitosteryl esters are not absorbed better than free sitosterol. The fate of fatty acids not 
utilized for esterification of sitosterol has not been monitored. Enzyme specificity has not 
been considered. 

Ten subjects with primary hypercholesterolemia were studied by Weisweiler er al. (1984) 
for two months during which they received 6g /I-sitosterol per day. 0n:this regimen, 
molecular esterification rate of LCAT increase from 76 to 122, the fractional esterification 
rate, from I .5 to 7.2. Total plasma cholesterol decreased from 8.9 to 8.02 mmol,ll free 
cholesterol, from 1.88 to 1.6 mmol/l, and esterified cholesterol, from 1.24 to 1.16 mmol/l. 
APO-AI rose from 1.13 to 1.35 g/l and apo-B, from 1.51 o 1.53 g/l. LDL-cholesterol was 
affected via accellerated esterification rate by the LCAT enzyme. 

4. CLASSIFICATION OF HYPERCHOLESTEROLEMIAS 

Proper classification of each subject’s hypercholesterolemia is a prerequisit for choice 
of treatment and for success. This will be further emphasized in the discussion of sources 
of cholesterol and of types of hypercholesterolemia. The two lists, one of the sources, the 
other one, of the types of hypercholesterolemia, are not identical. Not all the cholesterol 
entering the body leads to hypercholesterolemia. Then, plasma cholesterol can increase 
from endogenous sources and, lastly, in absence of an increased cholesterol supply. 

4.1. SOURCES AND PATHWAYS OF CHOLESTEROL 

Cholesterol can find its tiay into the body and into the blood stream by several routes. 
An excessive supply, whether of endo- or exogenous origin, may lead to elevation of 
plasma cholesterol. The degree depends not only on the quantity of cholesterol, the source 
and the route, on many variables influencing cholesterol transport and metabolism, but 
on each individual’s ability to cope with cholesterol. Sources and pathways are listed in 
Table 3. 

TABLE 3. Sources and Pa~huqs of Cholesterol 

A. 
B. 

Endogenous. by biosynthesis 
Endogcnous, metabolic 
(a) - Hypothyroidism, prima? or secondary 
(bl Nephrotic phase of chronic nephritis 

C. 

D. 

E. 

(4 Chblestasis; of diverse origin 
Exogenous, by cnteric route 
(a) Dietary, due to cholesterol overalimentation 
(‘4 High colonic irrigation; milk-egg-sugar enema 
Exogenous, by parenteral route 

lab)) 
Hematogenous. by blood transfusions 
Percutaneous, by “cholesterol shampoo” 

Exogenous, by male ejaculate 
per vagina, per OS. per rectwn 
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TABU 4. Types of H.vpercholesterolemia’ 

I. Endogenous 
A. Monogenic. primaiy. familial, “essential” 

heterozygous 
Ii’, homozygous 

B. Polygenic. secondary, metabolic 
thyroidogenic 

I$ nephrogenic 
(cl cholestatic 

11. Exogenous, secondary, polygenic 
A. Enteral 

alimenta?. dietary, oral 
Isi nulritional enema 
w medicinal. hypercholesterolemia as side ef%ct 

B. Parenteral 
(a) hematogenous. by transfusion 

*From Pollak, 0. J. (1987). 

4.2. TYPES OF HYPERCHOLESTEROLEMIA 

In 1976, Ahrens introduced a new terminology, separating hypercholesterolemias into 
primary or monogenic types and secondary or polygenic types. His scheme has been 
adopted and adapted, resulting in an expanded list presented as Table 4 (Po!lak, 1987). 

Two types of hypercholesterolemia can coexist. A subject with primary hyper- 

0 
cholesterolemia can acquire a secondary type, especially tiith hyperalimentation. 

Sources, routes and effects are being discussed together. Excessive cholesterol bio- 
synthesis is an inborn error of metabolism, an enzymatic defect. It leads to primary, 
monogenic, familial or “essential” hypercholesterolemia. This may be heterozygous or 
homozygous. In the latter form, it is commonly accompanied by one or another form of 
xanthomatosis, often by premature coronary artery atherosclerosis. The degree of 
hypercholesterolemia is very high, its regulation is very difficult, especially of the 
homozygous form. Lack of success in blocking the synthetic pathways is chiefly due to 
multiple adverse effects of the medications proposed until now. Multiple reports have been 
made on the effective use of /?-sitostero! in lowering the plasma level in children and also 
in some adults with clinical manifestations. For sober evaluation of such reports one 
should have information as to cholesterol intake and to the degree to which dietary 
cholesterol contributes to the plasma pool. 

For polygenic hypercholesterolemia of metabolic origin, whether due to a low metab- 
olism in a hypothyroid or myxedematous patient, due to altered elimination in the patient 
with chronic nephritis and the nephrotic syndrome, or due to lack of conversion of chol- 
esterol to bile acids or blockage of biliary passages, to bile stasis, the obvious course of 
treatment of hypercholesterolemia lies in treating the causative condition. Other metabolic 

0 
diseases have been mentioned as causing hypercholesterolemia. These are diabetes meilitus, 
gout, and dysproteinemias. Hyperglycemia, hyperuricemia, and dysproteinemia are indeed 
often accompanied by dyslipidemia, including hypercholesterolemia. However, a causal 
relationship has never been proven. Depressing plasma glucose, uric acid, or normalizing 
serum proteins will not result in lowering plasma cholesterol. 

A!! the polygenic, secondary types of hypercholesterolemia of exogenous origin are 
introduced by man. As such, they all are preventable or controllable. The most important 
of the group is the alimentary hypercholesterolemia. It also is the most widespread tYPe* 
especially in the western world. It can be counteracted in many ways, one of which is bY 
ingesting plant sterols, particularly, /I-sitostero!. This is the main subject of the chapter 
on plant sterols in the Encyclopedia. 

A high-caloric nutritive enema has been used in the past for patients who were unable 
to swallow. The concoction contained one liter of milk, or half-a-liter of milk PIus 
half-a-liter of cream, six to eight whole eggs, some sugar. One liter contained up to zoo0 
or 2500 mg cholesterol. Patients received up to three enemas per day for three days. The 
effect on the patients’ plasma cholesterol level has never been studied. Certainly, it co uld 

. . 
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lead to transitory hypercholesterolemia, which, if high enough;-;could be most damaging 
even if temporary only. This is of theoretical interest since the practice has been replaced 
by intravenous feeding. The latter, too should be closely monitored for increase of plasma 
triglycerides and cholesterol. 

The hematogenous route of cholesterol, leading to marked increase in plasma choles- 
terol, has been discussed in the monograph by Pollak and Kritchevsky (1980). The danger 
of inducing hypercholesterolemia through multiple blood transfusions is real. It has been 
largely overlooked. Cholesterol is being introduced directly into the blood stream, at that. 
in large amounts. Sudden episodic overload can lead to cholesterol deposits in the arterial 
intima. One unit of whole blood represents 450 ml blood plus 20 ml of anticoagulant 
solution. The amount of cholesterol in whole blood is the sum of plasma and cell 
cholesterol. The two become equalized within four hours after blood withdrawal. Given 
a 46% hematocrit, three donors with 200, 240 and 3OOmg/dl plasma cholesterol would 
have, respectively, 600, 720 and 900 mg total cholesterol per unit of whole blood. Then. 
the total amounts of cholesterol introduced into the circulation would have to be 
multiplied by the number of transfusions given. It could be considerable. The risk of 
iatrogenic hypercholesterolemia can be reduced. Assay of plasma or whole blood 
cholesterol in blood donors is hardly feasible, but some donors can be eliminated during 
the interview preceding the donation. Instead of whole blood, blood components should 
be used whenever possible. The number of transfusions should be held at a minimum. 
Intervals between transfusions should be stretched to a maximum. 

Cholesterol derived from two other sources does not affect the plasma level. Yet. the 
sources should be mentioned. The percutaneous route is represented by a “cholesterol 
shampoo” which recently appeared on store shelves, advertised for its superior penetration 
of the scalp. The amount of cholesterol is not indicated on the label. An assay. at the 
Wistar Institute of Philadelphia, revealed that a 500 g can of the shampoo contained 40 mg 
cholesterol. This would make it 0.8-t .6 mg for a singIe application for which IO-20 ml or 
g are used. The dose is too small to influence plasma cholesterol levels. 

Of even smaller significance is the male ejaculate as a source of cholesterol, though it 
can be introduced into the human body by several routes. The cholesterol content of 
ejaculate is 80 mg/dl. Normally, the volume of ejaculate is 3-3.5 ml. Thus, the amount of 
cholesterol per sample would be only 2.4-2.8 mg. 

Plasma cholesterol could increase without excess supply of cholesterol. A good example 
is a newly introduced medication, “Accutane”, for sever, cystic acne, taken orally in 40 mg 
capsules. The preparation does not contain cholesterol. According to the manufacturer’s 
instructions accompanying each batch of 100 capsules, the medication can lead to 
hypertriglyceridemia in 25% of patients, to hypercholesterolemia in 7%, to a decrease in 
HDL in 15%. Roche Lab., the producer, advises blood lipid assays before a treatment 
course and in four weeks intervals during treatment. The listed contraindications are 
pregnancy, nursing, the use of oral contraceptives, intake of the chemically related vitamin 
A, and allergy. A pregnancy test is advised before starting treatment. This all suggests that 
the drug, isotretnoin, interferes with sterol metabolism. The far greater. influence on 
triglycerides remains unexplained. Plasma lipid levels may depend on dosage and will 
return to starting levels on cessation of therapy. Yet, even brief episodes of 
hypercholesterolemia-hypertriglyceridemia must be avoided. An alert is sounded for fear 
that other medications, current or future, may have a similar effect. 

5. RISK FACTORS 

Experimental hypercholesterolemia is the only real atherogenic risk in animals. Surely. 
there are others, such as unequal species susceptibility, or restricted mobility of caged 
animals. For humans, hypercholesterolemia, regardless of its source, is the major risk 
factors, although the number of other factors for man exceeds by far those for lower 
species. 

OOl4S 
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Unfortunately, all known or suspected risks are usually being lumped together. 
Separating risks into atherogenic and thrombogenic risks and assigning each faGor or 
groups of factors proper weights is imperative for planning a therapeutic or proph>-lactic 
program. There is some overlap between atherogenic and thrombogenic risks, namei!-. in 
the role played by cholesterol. 

Hypercholesterolemia is a major atherogenic risk; it also plays a role in thrombogentjis. 
Alimentary hypercholesterolemia-hypertriglyceridemia leads to “lipid” deposits. to ath- 
erogenesis. Episodic hyperalimentation is a factor in the siudging of blood. h!pcr- 
coagulability and thrombus formation. 

Most known risks are operative only in conjunction with one or more other risks. The 
modest role of one risk may be exagerated by a pre- or co-existing second risk. .L\ feu 
examples are in order. Nicotine is not atherogenic, but it is thrombogenic. Its effect on 
blood coagulation is greatly enhanced in subjects with hypercholesterolemia or uirh 
hyperestrogenemia. The thrombogenic effect of estrogens may be debatable, but it becomes 
a certainty in synergism with nicotine, as recognized for women smokers using oral 
contraceptives. 

Preventing atherosclerosis, the symptomatic clinical disease, should start with preyenring 
atherogenesis, the anatomical arterial alteration. Preventing atherogenesis should start 
with preventing risks. Only two atherogenic risks can operate, more or less, independcnrl) 
of other risks. One of these is a high caloric diet. Total intake is-more important thar the 
calories supplied by fat. The other risk is hypercholesterolemia, regardless of its endo- or 
exogenous cause. At that, these two risks are often linked: Hyperalimentation includes 
excessive ingestion of cholesterol-rich foods. 

6. CONTROL OF DIETARY CHOLESTEROL 

Restricting cholesterol consumption seems the simplest and easiest way of controlling 
alimentary hypercholesterolemia. Indeed, there are references to the salutory effect of a 
strict vegetarian diet and to the negligible effect of a lacto-vegetarian diet on plasma 
cholesterol and its sequclae (Pollak and Kritchevsky, 1980). Lest reared on a regimen of 
natural foods of plant origin from the cradle, a no-fat and no-cholesterol diet is not well 
tolerated. Man’s teeths are for biting, shredding and grinding of food of mixed origin. A 
low-fat and low-cholesterol diet may be helpful for the overweighed, temporarily. It could 
be helpful for a time, if complied with. But, how “low” is “low” with regard to diet and 
its effect. Adherance to any diet is difficult in a society taking many meals in public places. 

The amount of cholesterol available for resorption can be reduced. This is the basis for 
ingestion of phytosterols and also for some medications. Intake of phytosterols is not the 
only tool available. Conversion of cholesterol to coprostanol can be stimulated by calcium. 

- depressed by lactose, inhibited at pH 5.8. Evacuation of the bowel can reduce the amount 
of cholesterol available for reabsorbtion. Dietary fiber has a like effect. Beta-sitosterol 
blocks resorption and re-absorption. Saturated fatty acids enhance resorption. pal!‘- 
unsaturated fatty acids neutraliic the action of saiuraikd fatty acids. Elimination of 
cholesterol is enhanced by pancreatic enzymes ‘and bile acids, by fiber, by stimuIa!ing 
peristalsis or enhancing the blood supply to the intestines. 

Controlling dietary cholesterol requires controlling also total caloric intake, the amounts 
and types of fatty acids, of triglycerides, protein, carbohydrates, vitamins and minerals. 
fiber and plant sterols. In other words, a broad dietary program is required rather than 
simply restricting fat, cholesterol and saturated fatty acids. 

7. ANIMAL EXPERIMENTS WITH PHYTOSTEROLS - 

Introduction of new pharmaceuticals or of a new non-medicinal treatment for man’s 
ailments is usually based on results of animal experimentation, if for no other reasons. at 
least, to determine dosage and safety. This applies also to phytosterols used as plasma 
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cholesterol depressants and thus, indirectly, for prevention’qf atherogenesis and its 
progression. 

The first pertinent report on the usefulness of plant sterols for regulating plasma 
&olesterol was made by Peterson in 1951. Chicken were fed a diet supplemented with 
0.5-l % cholesterol (C), 0.5 to I % mixed soy sterols (SS), or a mixture of these two sterols. 
on addition of cholesterol to the basic ration, plasma cholesterol rose from 196 to 
942 mg/dl. On addition of soy sterols to the ration, plasma cholesterol did not rise above 
the normal level. Nor did it rise on supplementing the ration with both sterols. In another 
series, the effect of 0.05% cholesterol added to the ration was completely blocked by 
adding 0.25% or more of soy sterols, that is at a C:SS ratio of 1: 5. 

At the same time the experiments with chicken were under way, the effect of sitosterol 
on serum cholesterol of rabbits was tested. The experimental results were reported by 
Pollak (1952, 1953a). Rabbits were fed l-l.5 g cholesterol (C) daily for 14 days. or I g, 
2 g, 3 g, 5 g, 6 g, 7 g or IO g sitosterol (S) per day, or, the two sterols were fed in proportions 
of 1: 1, 3: 1, 5: 1, 6: I, 7: 1, or 10: I for 14 days. Whereas cholesterol supplement alone 
caused a 14- to l6-fold increase of serum cholesterol, sitosterol fed alone caused no increase 
at all. Fed in combination, the increment of serum cholesterol lessened reciprocally to 
increased doses of sitosterol. At a S:C = 7: 1, the rise of serum cholesterol was blocked 
completely. This ratio has to be corrected because the preparation contained only 75-80% 
of fi-sitosterol. Thus, the effective ratio was S:C = 5.6: 1 or 5.25: 1. 

In the chicken and in the rabbit, atherosclerosis can be prevented by preventing 
hypercholesterolemia. The results of the experiments were comparable, as was the effective 
dose of phytosterols. The “mixed soy sterols”, too, had only 7580% of /I-sitosterol. A 
S:C ratio of 3: 1 (corrected for fi-sitosterol content, a ratio of 2.4: 1 or 2:25:1) allowed 
serum cholesterol to rise by a degree which was too small to induce atherogenesis. 

Phytosterols were given to large numbers of chicken and rabbits by many investigators. 
Publications on experiments with these two species and many others number by now close 
to two hundred. “Plant sterols”, soy sterols, corn oil sterols, cottonseed oil sterols and 
sitosterol were used in various proportions to cholesterol, either to prevent experimental 
hypercholesterolemia, or to reduce existing plasma cholesterol elevation. Except for 
instances in which insufficient amounts of phytosterols were used, the results mirrored 
those originally reported for chicken and rabbits. A few experiments with pigeons, guinea 
pigs, dogs and monkeys failed because of inadequate doses of sitosterol. Experiments with 
rats resulted usually in decrease of serum and liver cholesterol, but in isolated instances, 
only one or the other was reduced in response to sitosterol feeding. 

With a single exception, sitosterol was applied in the form of powder or in suspension. 
Sayeed and Ahmad (1979) fed mice 12 vegetables available in Bangladesh and found that 
one with the highest /3-sitosterol content effectively reduced serum cholesterol of mice 
when fed as 1% of the diet for I I days, and serum and liver cholesterol, when fed for 22 
days. 

7.1. PI-WTOSTEROLs OTHER THAN !+TOSTEROL 

Success with oral administration of /I-sitosterol as an “anti-cholesterol” agent prompted 
trials with sitosterol derivatives and with other plant sterols. Since Pollak and Kritchevsky 
(1980) reviewed the pertinent bibliography, only a few more recent essays are being 
mentioned here. Since all the work except one was done with animals, the subject is being 
covered as part of experimentations. 

In the past, several sitosteryl esters were found ineffective when fed to rats. Tabata ef 
al. (1980) tried a different approach. Rats were fed a 3% cholesterol diet and injected 
intravenously with j3-sitosterol, stigmasterol, ergosterol, 7-keto-cholesterol, or their re- 
spective esters. The serum cholesterol-lowering effect depended on the double bond at CS 
and side chain at C17, with esters having consistently lower effect on serum and liver 
cholesterol than free sterols. 

Beta-o-glucoside-@-sitosterol was fed to normo- and to hypercholesterolernic rats by 
Miromova and Kalashnikova (1982). Normocholesterolemic rats were not a&ted. In 00150 
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hypercholesterolemic rats, plasma cholesterol decreased by 38%, p-lipoproteins, by 46%, 
phospholipids, by 38%. Apparently, sitosteryl glucoside activated phospholipid synthesis 
and normalized the cholesteroliphospholipid ratio. 

A representative reference is being made, chosen from tens of publications comparing 
sitosterol and sitostanol fed to rats. Ikeda and Sugano (1978) found dihydro-J-sitostero] 
(SH) less absorbable than sitosterol (S), with HS in feces equal to 97% of the oral dose, 
fecal S equal to 88% of the oral dose. Upon intravenous injection of [4-‘4C]@-sitostanol 
and [4-2JC]b-sitosterol, turnover of HS was more rapid than that of S and neutral fecal 
steroids were twice as high after HS than after S. The LDL/HDL ratio for both, HS and 
S, was lower than that for endogenous cholesterol. Rabbits were used in another study 
by Ikeda et al. (1981). On 0.5 b-sitostanol and 0.2 cholesterol, serum cholesterol decreased 
more than if the ratio was 0.5:O.S. HS proved more hypocholesterolemic than S, especially 
with regard to LDL-cholesterol. 

Vahouny et al. (1983) administered three sterols intragastrically to rats, /I-sitosterol 
(24-ethylcholesterol), stigmasterol (AU-24a-cholesterol) and fucosterol (24-ethylidenechol- 
esterol). Lymph was collected 24 hours later for analysis. Sito- and stigmasterol inhibited 
absorption of simultaneously administered cholesterol by 54%. Fucosterol was inactive, 
as noted by others. Sito- and stigmasterol were also compared by Chandler et al. (1979). 
They fed 44 one-day-old cockerels fl-sitosterol for 19 days and fed 99 one-day-old birds 
stigmasterol for 24 days. Stigmasterol had no effect on plasma cholesterol. Uchida et 01. 
(1983) supplemented the diet of mice with 1% sitosterol or spinasterol for 15 days. Both 
sterols increased cholesterol excretion, decreased plasma and liver cholesterol, decreased 
the bile acid pool size and also decreased fecal bile acid excretion. especially that of 
chenodeoxycholic acid. 

In a solitary clinical study, Mattson et al. (1982) served to nine adults a meal with 500 mg 
cholesterol as scrambled eggs for the first period, added 1 g of /3-sitosterol in a second 
period, 2 g /?-sitosteryl oleate in a third period. Plasma cholesterol of all subjects decreased 
from the fifth day on, reflecting the lowered cholesterol absorption. Free sitosterol 
depressed cholesterol absorption by 42%, sitosteryl oleate by 35%, in spite of twice the 
oral dose of sitosterot. 

Nearly all the studies with sitosterol derivatives or with phytosterols others than 
sitosterol were performed with animals, mostly, with rats and mice. Beta-sitostanol was 
found most useful. Extrapolation of results to man is hazardous. Regrettably, /?-sitostanol 
alone has not been tested in clinical studies. Some commercial “sitosterol” preparations 
contain /?-sitostanol. One of these, with 92% /I-sitosterol and 8% /I-sitostanol was found 
to have sufficient potency to allow reducing the daily dose of the product from 7 to 3 g. 

7.2. LOW-CHOLESTEROL EGGS 

Nearly all animal experiments were designed to elucidate the effect of phytosterols on 
plasma cholesterol. A few investigators set different goals. They wanted to produce eggs 
with a low cholesterol content. Since eggs are a major source of dietary cholesterol, 
low-cholesterol eggs would provide a profitable approach to lessening of alimentary 
hypercholesterolemia. 

Previously, attempts were made to produce eggs with a high content of polyunsaturated 
fatty acids, known to lessen the resorption of cholesterol. These attempts failed. In fact, 
men consuming such eggs for 18 days had a higher plasma cholesterol than they had before 
such diet. 

The first attempts to produce low-cholesterol eggs by feeding laying hens plant sterols 
also failed. The failure was due to insufficient amounts of /I-sitosterol used, namely of 1 ‘/a 
added to chicken feed. In 1971, Clarenburg et al., succeeded by adding ‘H-/?-sitosterol as 
1. 2, or 4% of the feed, without interfering with egg production. They obtained eggs with 
significantly lower cholesterol content than the amount in eggs of control hens. The results 
are presented‘in Table 5. 

At a 35% reduction, the cholesterol content of an egg weighing 50 g would decrease from 
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TABLE 5. Per cm &crease of Egg Cholesterol on Silo;rpro( Inrdc 
Silosterol as I% 2% 4% of chicken fcal 

after 7-12 days -5.7 -11.0 -29.5 after IS-30 days -6.2 -35.5 -35.8 egg cholesterol 

about 150 to 50 mg. Moreover, such eggs would contain about 40 mg of sitosterol. 
Speculations are open as to the commercial potentials of marketing low-cholesterol eggs. 
The health benefits are obvious. 

8. FACTORS INFLUENCING RESULTS OF CLINICAL STUDIES 

Proper evaluation of results of a sitosteroi regimen requires considering ail the factors 
which influence this approach. 

8.1. CHEMICAL AND PHYSICAL FROPERTIE~ OF SITOSTEROL PREPARATIONS 

While it is most important to understand the principle by which sitosteroi interferes with 
cholesterol absorption, it is also important to know all the factors influencing the process. 

One can refer to phytosterois by their chemical formulas or by their origin. Peterson 
(195 1) reduced plasma cholesterol of chicken by feeding them “mixed soy’ sterois” and 
Poliak (1952, 1953a) reduced serum cholesterol of rabbits by feeding them “sitosterol”. 
Both preparations had a 75-80% p-sitosterol content. The potency of commercial 
products depends on the starting material and processing. Wood shavings are a better 
source of B-sitosteroi than tail oil, soybeans, or cotton seed oil. Over one dozen of products 
manufactured by at least twenty firms have been made available. They contain anywhere 
from 17 to 93% of /I-sitosteroi, the average being 68.5%. Some products underwent 
changes with time: for example, “Cyteiiin”, the most widely used preparation in the USA, 
contained, at first 65%, later 89%, and ultimately 92% fl-sitosterol. 

Products were dispensed as solutions, suspensions, emulsions, elixirs, as powders, 
crystals, granules, micronized, as tablets, pellets, in “candy bars” or in capsules or bags. 
The physical character certainly itiuences the potency, almost as much as the actual 
/I-sitosteroi content. A spray-dried powder proved more potent than either plain powder 
or granules or tablets, which previously were found superior to liquid preparations. 

Chemical and physical properties of the products influence dosage and ultimately the 
results of a sitosterol regimen. 

8.2. INTERNAL FACTORY 

Internal factors represent a mixed bag. Not ail of them are significant as far as the results 
of clinical studies are concerned. 

The age factor has been largely ignored, at least for humans. although it is well known 
that the plasma cholesterol level varies with age. It also varies with emotional stress and 
disease. Then, there are diurnal and seasonal variations. All these are more pronounced 
in subjects with severe hypercholesteroiemia. Conflicting reports concern adolescents who 
may not react as well as adults to either a vegetarian diet or to a fl-sitosterol regimen. 
Children, however, seem to respond ,better than adults. 

References to gender are few, mostly only to female rats responding better than male 
rats. A single report on humans can be dismissed because of the small numbers of males 
and females. 

Overweight individuals could present a problem. On daily ingestion of 7.3 g sitosteroi 
the plasma level of cholesterol decreased in overweight patients more than in underweight. 
However, the level tended to rise again in spite of continued medication, especially in those 
who were gaining weight. 

Genetic factors have hardly been studied. Significant differences in the response 
to /I-sitosteroi were noted in several breeds and crossbreeds of chicks, swine and 
monkeys. As for man, no differences were found in patients with type IIA and type IIB 
hyperiipoproteinemia. 
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8.3. EXTERNAL FACTORS 

External factors influencing the course and results of 
largely introduced by the investigator. Although ingestion of _ 

a sitosterol regimen are 
phytosterols can be safely 

recommended for everyone the regimen is clearly indicated for con~ro]]ing alimentary 
hypercholesterolemia. 

Individuals having comparable plasma cholesterol levels bvill not respond in like manner 
to sitosterol. In a mixed population, there will be those with normocholesterolemia and 
those with hypercholesterolemie of different causes. It would not be reasonable to expect 
uniform results to any treatment. Moreover, not all subjects comply with physician’s 
orders to equal degree. 

It has been widely acknowledged that markedly elevated cholesterol levels can be 
reduced easier than moderately elevated levels, certainly. more effectively than “normal” 
plasma levels. This applies to all measures for control of alimentary hypercholesterolemia. 
not just to sitosterol. There is one exception to this rule. namely, primary monogenic 
hypercholesterolemia, commonly of a high degree. Durin_e a panel discussion, Pollak 
(Wilkinson et al.. 1958) stated that “each individual seems to have its own ‘basal’ plasma 
cholesterol level which cannot be depressed without triggering homeostatic control.” He 
also stated “that an individual’s ‘maximum’ level can hardly be exceeded by an overload 
of’dietary cholesterol.” Indeed, persons with comparable fasting plasma ch61esterol values 
respond differently to eating the same number of eggs for a meal. 

Many investigators introduced a factor which affects adversely the sitosterol regimen. 

1) 
They did so by pre-medicating their patients, either by diet or by medications, or both, 
thus lo\tVering the plasma cholesterol into normal or near normal range, into the group 
of mild responders. 

8.4. TIMING OF SITOSTEROL ISTAKE 

Peterson (1951) experimenting with chicken and Pollak (1952, l953a) experimenting 
with rabbits found that the hypocholesterolemic effect of plant sterols was much better 
when these were fed together with cholesterol than when phyto- and zoosterol were given 
separately. Pollak (I 953b) suggested for humans intake of sitosterol three times a day, with 
meals. to assure prompt interaction between sito- and cholesterol in the intestines. 

8.5. DOSAGE OF SITOSTEROL 
Originally, Pollak (1953b) recommended a 6g/day dose of sitosterol powder. The 

preparation used contained 75--80% b-sitosterdl. By increasing the purity to 92%, the daill 
dose could be reduced to 3 g (Lees and Lees, 1976). Many clinicians objected to the “large” 
dose. In fact, one-half of all the clinical investigators prescribed doses between I and 10 g 
per day; one-fourth of these used less than 7 g a day. The mean average amount used was 
4 g per day, less than the recommended dose for many a medication. 

The concern about the need for excess of P-sitosterol over cholesterol intake is 
reminis:ent of past debates about the direction in which various ratios should bc 

._’ ., manipulated. Such question concerned the phospholipid,?holesterol ratio, then. rhr’ 
. (PUFA.SFA) polyunsaturated fatty acids/saturated fatty acids ratio. More recently. thc 

question arose wheiher it would prove more beneficial to increase (HDL) high densir! 
lipoprotein-cholesterol or to reduce (LDL) low density lip&protein cholesterol. 

The usefulness of a sitosterol regimen should be determined by a trial run, using 5 g d3! 
of a high purity preparation for two weeks. By that time, plasma cholesterol will haVc 
decreased by from 10 to 20% roughly by the same amount as supplied by the diet I0 ‘hc 
plasma pool. Now, the individual dose can be “titrated” (Shipley, 1957), by first incre3si”F 
the daily dose in two-week intervals until consistent maximum effect has been reac 

hd 

then. gradually decreasing the daily dose and a maintenance dose has been rea ched. 

9. CLINICAL STUDIES WITH PHYTOSTEROLS 

The first clinical study with sitosterol as serum cholesterol depressant was con ducted ‘” 

I95 I and 1952 by Pollak ( 1952). A daily dose of 5-7 g of crude sitosterol powder was givcfi 
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to 26 unselected subjects, none of whom had clinical symptoms,,of atherosclerosis. Their 
serum cholesterol levels ranged between 126 and 414 mg/dl; with a mean average of 
256 mg/dl. Within two weeks and without dietary restrictions, the range was 
13 l-264 mg/dl, the mean average was 173.5 mg/dl. The decrease in serum cholesterol 
averaged for the whole group 74 mg or 28%. For those whose cholesterol was below 
240 mg/dl, the decrease was 12.6%; for those whose level was above 24Omg/dl, the 
decrease was 22%, with up to 39% for those whose level exceeded 285 mg/dl prior to 
treatment. Upon cessation of the sitosterol regimen, the serum cholesterol levels reversed 
to the original height within two to three weeks. After a pause of 40 days, a second course 
of sitosterol had the same effect as the first course. 

Those who ignored the plan presented in the prototype study were often disappointed 
with their results. Those who followed the original recommendations with regard to 
selection of suitable subjects, dosage and timing of sitosterol ingestion, and did not try to 
reduce plasma cholesterol prior to sitosterol intake, achieved results which were compara- 
ble to those of the prototype study. Often, the results were better than those reported in 
the model study. 

The review of clinical studies has to be made in two parts. The number of publications 
during the first 25 years was very large. that of the last ten years was small. The older essays 
have been reviewed by Pollak and Kritchevsky (1980). During the first period, attention 
had been paid to total serum or plasma cholesterol, only in the last years was consideration 
given to the types of hyperlipoproteinemia, mostly of type IIa and IIb. In the last decade, 
attention shifted to lipoproteins of various density and to the cholesterol content of 
fractions. Also, in search for ways to control monogenic hypercholesterolemia, more 
studies on this type were conducted in recent years than in the past. 

9.1. REVIEW OF CLIMCAL STUOIES FROM 1952 TO 1976 
The original report triggered numerous studies. In the first period, over one hundred 

essays were published, referring to sitosterol administration to over 1800 subjects. About 
40% of these had a “normal” plasma cholesterol, below 240 mg/dl, or had only a slightly 
higher level, up to 260 mg/dl. Slightly over 60% of all subjects had a higher degree of 
hypercholesterolemia. 

Several teams of investigators separated subjects into those with levels below 240 mg/dl 
and those with a higher level. Some selected 260 mg/dl as the dividing point, still others, 
300 mg/dl. Alimentary hypercholesterolemia, per se, falls mostly into the 240-300 mg/dI 
range, by the standards and methods used. 

9.2. REVIEW OF CLINICAL %-UDIES FROM 1977 TO 1985 

In view of all the variants introduced into the clinical studies, the response to sitosterol 
intake on plasma cholesterol was quite remarkable. A study by Kandziora (1980) is a good 
example of modifications of the originally proposed program. He studies 30 patients: Nine 
of these had been premeditated with a diet, eight, with drugs, six with diet and drugs, and 
three subjects continued on drugs even during the sitosterol regimen. This left just four 
subjects who were treated solely with sitosterol. A granular preparation containing 89% 
of /3-sitosterol was given in six daily doses of 1.75 g (total, 10.5 g/day) for four weeks, then, 
in three doses of 1.75 g (total, 5.25 g day) for eight weeks. After the 12 weeks period, serum 
cholesterol had decreased by from 5 to 29% (average, by 14%) in spite of pre-medication 
and ingestion of sitosterol between meals. 

The character of hypercholesterolemia has rarely been mentioned. A few referred to 
biliary cirrhosis or to hypothyroidism. Familial hypercholesterolemia has been mentioned 
far more often, in the past and more recently., 

Schwartzkopff and Jantke (1978) treated one patient with essential hyper- 
cholesterolemia. The daily dose of sitosterol granules was reduced gradually from 20 to 
15 g, 12 g, finally, to 6 g. Plasma cholesterol fell by 6.7% only, from 717 to 669 mg/dl. 
Schlierf et al. (1978) concluded, upon treating 15 children and adolescents with sitosterol, 
that the treatment was ineffective in 12 subjects who completed a six months course and 



that it is not suited for juvenile hypercholesterolemia, since total cholesterol decreased by 
only 6%, LDL by 7% and HDL by 15%. 

Prescribing a relatively palatable tall oil suspension of sitosterol, first, 18 g,‘day, later, 
only 3 g. day, for up to two years to 46 patients with type II hyperlipoproteinemia together 
with a diet with 40% of total calories as fat, Lees er al. (1977) obtained in nine patients 
a plasma cholesterol decrease by 34.6%. Although the mean response for the whole group 
amounted to only -12%, sitosterol was recommended as an adjuvant to a dietary 
regimen. Etminan et al. (1979) placed 28 stationary patients with type IIa or IIb 
hyperhpoproteinemia first on a low-fat and low-cholesterol diet, then, for two to three 
weeks, on diet plus sitosterol. modifying its daily intake from 20 to 15 to 13 g during three 
to four weeks, and to 3 g for another eight weeks. The combination of diet plus sitosterol 
proved three times as effective as diet alone, resulting in a 29.5% drop in plasma 
cholesterol. 

Favorable results by combining a strict diet with ingestion of /?-sitosterol were also 
reported by Drexel ef al. (1981). A 41-year-old woman had heterozygous familial 
hypercholesterolemia, with multiple xanthelasmas and small tendon xanthomas. Her 

. family history was strongly positive. Two of her four daughters had hypercholesterolemia. 
After three months on a sitosterol regimen, her total cholesterol fell by 14.5% and after 
six more months it fell by another 9.5%, making it a 24% decrease. The fall of total 
cholesterol was mainly due to fall in IDL-and VLDL-cholesterol. The changes were 
permanent. On cessation of sitosterol intake, VLDL fell further on a strict diet. The effect 
of diet plus sitosterol on LDL was small, questionable. However, HDL,- and 
HDL,-cholesterol increased in the patient; in one daughter, only HDLz increased whereas 
HDL, increased in both daughters with hypercholesterolemia. These increases were not 
permanent. 

9.3. DURATION OF CLINICAL STUD~S 

The reasons why clinical trials which were successful were ever terminated is obscure. 
Certainly, subjects who are asymptomatic are reluctant to continue on a regimen. 
However, those with symptoms of atherosclerosis, should not be allowed to terminate the 
program. Some of the studies lasted a single day during which three doses of sitosterol 
were taken. Some patients were studied for 48 hours after a single dose. Results of such 
studies are worthless. Some projects extended over weeks, months, or years. The longest 
study lasted 40 months, with from three to five doses of sitosterol per day. Thus. 
comparison of results is difficult, especially if one considers all the other modifying factors. 

Those who for one reason or another failed to achieve satisfactory results had to find 
faults with the program. Objections were voiced to the fact that the cholesterol-lowering 
effect of sitosterol is not permanent and that the regimen has to be extended indefinitely. 
The very same objection applies to medications interfering with cholesterol absorption. It 
also applies to dietary restriction of cholesterol. A low fat-low cholesterol diet should be 
kept “forever”. 

9.4. ~‘HYTOSTEROL INCORPORATION INTO FOOD 

The section on animal experiments with phytosterols has been appended by a subsection 
on production of low-cholesterol eggs. The section on clinical studies with phytosterols is 
being supplemented by a subsection on incorporating plant sterols into butter. Roth 
Proj~ts aim at providing new ways to reduce dietary hyperchojesterolemia. .: 

Petersen ef 01. (1956) incorporated soy sterols into butter. Their 19 subjects, divided into 
two groups, were healthy, had normal plasma cholesterol which apparently was n”f 
affected by ingesting three pats of butter daily. Consuming butter with SOY sterols resulteu 
in al] subjects in plasma cholesterol reduction by 1 I %. The &sign and the results are 
presented in form of Table 6. 

Cholesterol in butter amounts to about 280 mg/lOO g. A bar- of butter weighs I I2 g 
(I 12.4g) and contains 313.6 mg (314.7 mg) cholesterol. UsuaIIy, a bar is cut into eight Pats- 
Each pat weighs 14 g and holds 39.2 mg cholesterol. Daily intake of three pats Provides 

‘i .._. 
‘. . 
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TABLE 6. Plasma Cholesrerol Response IO Butter and Buttei sdrh Soy SleroIs 

No. of Period Butter g,‘per Choleskrol mg!pcr Soy sterols g/per Cholesterol 
subjects weeks day period day period day period w/d plasma 

IO I 42 294 117.6 823.2 0 0 218 
3 42 882 117.6 2469.6 5.7 359. I 194 -II% 
1 42 294 117.6 823.2 0 0 209 
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I 17.6 mg cholesterol (C). Soy sterols (SS) were incorporated into a bar of butter in 15.2 g 
amount. Three pats of sterol-supplemented butter provide 5.7 g soy sterols per day. The 
SS:C ratio of about 10: 1 could be reduced by 20 or 25% using B-sitosterol of high purity 
as additive. In a 8:l or 7.5:1 ratio the amount of sitosterol would suffice to neutralize 
besides the cholesterol in butter all other cholesterol available for absorption or re- 
absorption. 

Pollak (1953b) and co-workers participating actively in the first study ingested 7.5 g of 
crude sitosterol, a chalky, not very palatable product and, because’ of its physical 
appearance and taste, placed it between two pieces of lightly buttered, soft, white bread. 
In a way,. their procedure was similar to that used by Peterson ef al. (1956), recording an 
11% cholesterol reduction in nonnocholesterolemic subjects with plasma levels of 217 and 
218 mg/dl, while Pollak (1953b) obtained a 12.6% reduction foi those with levels below 
240 mg/dl and a 22% decrease for those with levels above 240 mg/dl. 

10. SITOSTEROL COMPARED TO OTHER AGENTS 

Objects to sitosteiol intake as plasma cholesterol depressant were directed against the 
“large dose required”, against the lack of uniform response, and against lack of permanent 
effect after a two-weeks course of sitosterol intake. All these criticisms have been already 
refuted. All of them can also be rejected on basis of comparing fi-sitosterol with other 
means used or suggested to reduce plasma cholesterol. 

The number of repoits on comparison of several cholesterol-lowering agents using 
animals is not very large. In rats fed cholesterol, adding taurine to the diet caused 
inhibition of hypercholesterolemia by 50% adding glycine to the diet had no elect. 
In rabbits fed cholesterol-enriched chow, choline decreased the degree of hy-per- 
cholesterolemia by 20%; adding lecithin decreased it by 32-50%, depending on the dosage, 
used. In other experiments with rabbits, phytosterols and also anetholtrithione supplement 
to chow had equal effect, lowering plasma cholesterol by 55%. compared to positive 
controls. In chicken, phenylthyramine proved to be toxic, triparanol alone or PIUS 
cottonseed oil prevented experimental hypercholesterolemia. Sitosterol was more effective, 
vanadium sulfate or diethanolamine were ineffective with regard to lessening aortic lesions 
of hypercholesterolemic pigeons. 

Dogs given 5% cholesterol and “‘I developed hypercholesterolemia of 700-900 mg/dl. 
Adding 10 mg estradiol valerate lessened the cholesterol rise to levels of 500 mg/dl. Adding 
43 g fi-sitosterol resulted in plasma cholesterol levels below 400 mg/dl (Jordan ef al., 1961). 
In baboons with an average plasma cholesterol of 193 mg/dl, feeding beef tallow caused 
a rise to 391 mg/dl, Clofibrate, a rise to 337 mg/dl. On 0.3% #?-sitosterol, the level was 
302 mg/dl on addition to tallow (Howard ef al., 1967). 

Collating all available data, one can conclude that, in various animal species, phyto- 
sterols, ‘fed as /?-sitosterol, soy sterols, soy phospholipids, or cottonseed oil, had either 
comparable or superior effect on plasma cholesterol than synthetic chemicals. - . 
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10.2. CLINICAL STUDIES 

The number of reports on clinical trials comparing sitosterol with other plasma 
cholesterol depressing agents is small. Usually, only two or three agents were used but for 
few subjects. Studies on large numbers of patients regrettably do not include phytosteroh 
among the agents tested. 

In one study, /?-sitosterol led to a 23% reduction and corn oil to a 23% reduction of 
serum cholesterol, whereas alpha-tocopherol had no effect (Beveridge er al., 1958). In 
another study, fi-sitosterol decreased serum cholesterol by 16%, while phenylbutyramine 
had no effect (Doorenbos er al., 1958). A low-fat diet, a brain extract, or /I-sitosterol 
reduced plasma cholesterol equally, by 10% (Jones and Keough, 1958). Nicotinic acid plus 
Clofibrate, or nicotinic acid plus D-thyroxine failed to influence plasma cholesterol, 
however, on 5.3 g/day /?-sitosterol intake, the same patient’s level fell by 26% (Miihlfelder 
et al., 1976). 

Ahrens (1976), in a study which did not include phytosterols, found that Cholestyramine 
(Questran) used alone in a 24 g/day dose, or together with Atromide S (Clofibrate) in a 
2g.day dose, caused plasma cholesterol reduction by 20% and 14%, respectively. He also 
summarized the results of the Coronary Drug Project involving 1013 subjects. In these. 
plasma cholesterol decreased by 13% on a strict vegetarian diet, 19% on a low-fat and 
low-cholesterol diet, 19% on ingestion of 100 g corn oil/day in three doses, ‘by 19% on 
ingestion of IOOg safflower oil, and 19% on a diet rich in polyunsaturated fatty acids. 

This assessment, made in 1976 by Ahrens, can be supplemented by another one made 
by Pollak in 1983 (1985) in his summary of the Eighth International Symposium on Drugs 
Affecting Lipid Metabolism. He marveled at the enthusiasm greeting a 10% plasma 
cholesterol reduction by newly developed medications which included “Gamma- 
oryzanol”, a preparation of phytosterols plus ferulic acid. 

$ 
1 /3-sitostanol c 

Il. COMBINING SITOSTEROL WITH OTHER AGENTS 

Comparison of b-sitosterol with other agents led to the conclusion that several agents 
have comparable effects. The question arose as to whether the potency could be. enhanced 
by combining two agents, or whether the daily dose of agents could & reduced by using 
two synergistic means. To some extent, the theme has been addressed by suggestions to 
combine a low-cholesterol diet with a sitosterol regimen. 

11. I. ANIMAL EXPERIMENTS 

Linoleic acid is an important ingredients of cholesterol-lowering vegetable oils. Pollak 
(1958) fed rabbits chow with a 1% cholesterol supplement, Within two weeks, serum 

a 

cholesterol increased seven-fold. This increase was inhibited on adding up to.7 g crude 
sitosterol or on adding 0.5-2 g linpleic acid per day. Adding 3 g’sitostero] plus 2 g ethyl 
linoleate together had the same effect: 

Rabbits fed cholesterol and sitosterol in I : 1 proportion developed only half the degree 
of hypercholesterolemia as when cholesterol was fed alone. Adding either taurine or 
choline did not-affect the results (Herrmann, 1959). Cholic acid at O.5%, enhanced the 
effect of 0.5-l % corn oil, also the effect of 0.1,0.2, 0.5, 1.5, or 10% sitosterol on the serum 
cholesterol of rats (Nath et al., 1959). Lignoceryl alcohol or 2% tetracosanol failed to 
enforce the effect of B-sitosterol on serum cholesterol of rats (Mesherskaia e! al., 1961). 
In rats fed a diet with 0.5% cholesterol and 1% soy sterols, adding 0.05% triterPen 
alcohols, namely, cycloartenol and 24-methylenecycloartenol, had a synergistic effect with 
regard to plasma cholesterol reduction and enhanced cholesterol excretion (Kiribuchi rr 
al., 1983). In cockerels with 1200 mg/dl plasma cholesterol levels soy sterols caused a 
reduction to 440 mg,‘dl. Replacing soy sterols with 2.4dimethylamine resulted in a 
750 mgdl level (King et al.. 1956). 

Beta-sitostanol plus cholesterol were fed to rats, and to one series cholestyramine was 
added (Hassan et al., l9@). Fecal cholestyramine equalled 51% of the oral dose and 
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fi-sitostanol equal 83% of the oral dose. When the two substan& were fed together. fecal 
cholestyramine was 73%. In another study, fl-sitosterol was fed, 20 g/kg body weight, 
alone, or together with cholestyramine, also, as 20 g/kg, to young guinea pigs. Plasma 
cholesterol increased, though bile acid and sterol excretion had increased. 

Summarizing the results does not appear profitable. 

11.2. CLINICAL STUDIES 

Combined administration of sitosterol with another agent was far more often used for 
clinical studies than in animal experiments, allowing for conclusions as to usefulness of 
combinations. Also, the number of agents tested exceeded those used for animals. 

A low-cholesterol diet plus 9 g /?-sitosterol per day led to a 40% reduction of serum 
cholesterol, more than could be expected by either diet alone or by sitosterol intake alone 
(Schon, 1959). Safflower oil alone (1 I g/day) or /?-sitosterol alone (18 g/day) decreased 
serum cholesterol equally, by 20%. Ingested combined, the decrease came to 32%. 
However, while corn oil alone (7.5 g/day) and fl-sitosterol alone (15 g/day) had comparable 
effect, combining the two did not enhance the results (Farquhar and Sokolow, 1958). 

Pyridoxin, 1 mg, a-tocopherol, 200 mg, /3-sitosterol, 0.3 g, were added to safflower oil, 
9.8 g. After one to two months, this resulted in enhancing the effect :of safflower oil 
(Engelberg, 1958). Larger amounts of these substances, i.e. 300 g plant sterols, 20 g vitamin 
E, 1 mg pyridoxin and 9.8 g safflower oil, decreased serum cholesterol by 40%, far more 
than could be expected from any component of the mixture, alone (Meltzer ef al., 1958). 

Cholagogic mineral waters plus /l-sitosterol, taken for three weeks, led to 13% decrease 
of serum cholesterol for subjects with levels below 330 mg/dl and a 21% decrease for those 
with levels above 330 mg/dl (Mugler, 1962). Gallogen, a choleretic, in 255 mg dose, plus 
18 g sitosterol depressed plasma cholesterol by 16% whereas sitosterol in 25 g/day dose 
decreased it by 25% in eight weeks (Farquhar and Sokolow, 1957). 

Nicotinic acid, a potent inhibitor of cholesterol biosynthesis, led to uneven results when 
combined with other agents. Neither adding 3 gjday niacin or adding 2 g dessicated thyroid 
to the diet for 28 days had any effect on plasma cholesterol levels which had been 
previously lowered by 25% on ingestion of 4.6 g sitosterol per day (Breslaw, 1958). Berge 
ef al. (1959) lowered plasma cholesterol by 10% using 4.8 g niacin alone or 4.8 g sitosterol 
alone; in combination, the decrease was 21%. The same research team recorded a 17% 
reduction in plasma cholesterol on 4.3 g niacin a day, a 12% reduction on ingestion of 3 fl. 
oz. of a sitosterol emulsion. and a 21% reduction by combining the two agents for three -. 
months. Yet, in another study, niacin had no effect when given alone, a minimal effect of 
a 6% drop in combination with safflower oil, a 12% drop of plasma cholesterol in 
combination with /l-sitosterol. 

One study in which sitosterol was given together with Clofibrate, a popular drug, is being 
singled out. In combination, the two agents stimulated cholesterol biosynthesis, nullifying 
any hypocholesterolemic effect (Horlick, 1971). 

For analysis, results of clinical studies have to be separated into two groups. On one 
side of the ledger are the negative results of trials to potentiate the effect of sitosterol by 
adding pyridoxine, tocopherols, cholagogic mineral waters or choleretic gallogen. Reasons 
for uneven response on combining sitostero1 and niacin are due to lack of selectivity. 
Triggering homeostatic response to major depression of plasma cholesterol must be 
underscored. On the second side of the ledger is the potentiation of the effect of fl-sitosterol 
by a low-cholesterol diet or by intake of safflower oil-curiously, not by corn oil. Such 
combination allows for a smaller dose of sitosterol and for a less strict diet. Campagnoli 
(1961) was the first to suggest combining /3-sitosterol ingestion with a diet rich in 
vegetables, cereals and cellulose as the best available course. 

12. SIDE EFFECTS OF SITOSTEROL 
‘I 

A side effect is not always an adverse effect. The only undesirable side effect of a $ 
sitosterol regimen, reported so far, is an occasional bout of diarrhea. It is more likely due 1: 

ciOl58 
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to the vehicle used for sitosterol or to simultaneous intake of large quantities of vegetable 
oils than to sitosterol itself. 

The target and the effect of phytosterol ingestion are preventing or reducing hypr- 
cholesterolemia and hereby retarding or lessening atherogenesis. Several researchers 
reported notable improvement in the symptomatology of atherosclerosis and in electro- 
cardiograms of patients treated with sitosterol. 

Sporadic claims have been made and are being made to this day about a large variety 
of beneficial effects of sitosterol, in in vitro and in ciao studies for animals and humans. 
Sitosterol was said to counteract experimental gastric ulcers in mice and guinea pigs, 
prevent experimental colonic cancer in rats, reduce hyperglycemia in rats and hypertension 
in rabbits. Sitosterol has also been recommended as plasminogen activator in endothelial 
cells. For man, it has been used for treatment of psoriasis and of rheumatoid arthritis, 
allegedly, with success. Sitosterol has also been hailed as an‘effective anti-pyretic, as 
anti-edematous and anti-inflammatory agent. None of all these effects, whether ultimately 
proven right or wrong, can be called adverse. 

Sitosterol has two well documented side effects. The first it its enhancing cholesterol 
solubility. It has been provZi%& and in vivo in animals and in man. The effect of 
/J-siGsterol medication on the solubility gall stones has been monitored radiologically. The - 
bibliography on medical treatmeiit-X&&thias~~~tiily increasing, as is the number 
of patients medicated successfully with j-sitosterol + litholytic-bile acids. A brief review 

(I! 

on this topic by Pollak in 1982 can already &%alled obsolete-or, at least, incomplete. By 
and large, ingestion of 12 g j?-sitosterol for from six to eight weeks will result in the 
reduction of the number and size’bf calculi by IO-15%. The results depend on numbers 
and size and on the chemical composition of th=lculi. Long term treatment has a 
sustained cholelitho$i. Sitosterol ingestion alone, or potentiated by simultaneous 
intake of cholic and. causes partial or complete dissolution or fragmentation of con- . _- .-. 
cretions. It may be anti&$ied&at ingestion of sitosterolqlus cholic acid will eventually ----- 
be replaced by intrabiiiary instillation. The colic accompanying expulsion of fragments or 
of whole calculi coul$kmn adverse effect, but not the phenomenon itself. 

The second side effect o’f a sitosterol regimen is also of great interest. S&eial &osterol 
preparations have been made available by several German firms under different names, 
including “Sitostlt_r_o_l~r~ssate.Capsules”. Taken orally $! 10 mg capsules three times a day, 
i.e. 30 mg/day, for 12 weeks, or by others, in 1.76/day dose for only 5 weeks, the regimen 
had an undisputedly favorable e%&%%$i‘iC?its~tiith prdstate adenoma or prostatitis. The 
number of reports made to date is r-arpe;-Th~~~iff~~~~~~~~h~e~~rd to the number of 
patients and the dosage and lengtfi‘df treatment. They agree with regard to the results. 
One urologist reports that 85% of patientswere free of symptoms,,_h_a~-?-~~turia or 
dysuria and no residual urine after-the treatment. Another &$alist claims good results .a-... _ __- 
in 86% of his patients. Dijmer and Frittihe (1982) reported on over 6000 patients treated 

0‘ 
successfully with fi-sitosterol. The mode of action of sitosterol on prostatic hypertrophY . . . ,_ 
is being debated. On the basis of tissue analysis, of needle biopsy specimens, which indicate 
a reduced amount of extractable PgE2, many believe that /I-sitosterol bJocks the-s nthesis 

-5 of prostag$.dins: So far, nobody has suggested that B-sitosterolmay act as aJo-yv>>ncY 
phytoestrogen. At any rate, the demand for /l-sitosterol for treatment of prostate adenoma 
and prostat& may-at least, in Europ+-excedd its use as cholesterol depressant. ln 
fact, its hypocholesterolemic action may become a desirable side effect of treating the 
prostate. 

- 
12. I. COMPARING fi-SITOSTEROL AND CHOLESTYRAMINE 

In sharp contrast to fl-sitosterol as plasma cholesterol depressant stands Chole?- 
tyramine, a resin which affects cholesterol metabolism by combining with bile acids. lt ” 
being prescribed in three to four daily doses of 9g packets which contain 4g of Ihe 
anhydrous resih making it a daily supply of 27-36 g of the medication, or 12-16 g Of the 
resin. ‘\.. 
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Far more worrisome than the large dose are the numet&adverse side effects of the 
bile acid sequestrant. The PhJ3sicians’ Desk Reference of 1983 lists not fewer than 60 
adverse effects. Not all are equally important. A note that cholestyramine increased the 

*incidence of experimental cancer in rats-contrasting with multiple reports on fi-sitosterol 
having the opposite effect-is most disturbing, since analogous findings led the US Food 
and Drug Administration to banning many a food and many a drug. Added to the list 
of adverse effects is a shorter list of drugs. including some antibiotics, the resorption of 
which is interfered with by cholestyramine. The listing issurely incomplete. A report is 
being cited because it refers directly to comparison of p-sitosterol with cholestyramine. 
Nineteen patients with hypercholesterolemia received for I4 days three times a day 4 or 
8 g cholestyramine or 3.5-8.8g fl-sitosterol, both, in addition to labeled Digoxin 
(/?-acetyldigoxin). Sitosterol did not interfere with digoxin resorption whereas choles- 
tyramine reduced resorption by 12-14% (Schwartzkopff and Jantke, 1980). 

The paucity of side effects, acknowledged by those who used it as hypocholesterolemic 
and by those who used it for treatment of prostate adenoma, places j?-sitosterol in a 
separate class. In this respect, it differs not only from cholestyramine but from all other 
chemicals proposed as plasma cholesterol depressants. Many synthetic products were tried 
in animals. Most had to be discarded because of toxicity. Hepatotoxicity for rats seems 
to be a common denominator for these chemicals. Nevertheless, a fairly large number of 
drugs have been introduced into clinical practice. Many had to be discarded for adverse 
side effects. Some, including bile sequestrants, Cholestyramine and Colestipol, are still 
being used, in spite of all their adverse effects and contraindications. New products are 
constantly being developed, tested in research laboratories, by the pharmaceutic industry 
and by clinicians. Those presented at the 1983 Symposium on Drugs Affecting Lipid 
Metabolism seem in no way superior to older drugs, neither with regard to potency nor 
to safety (Pollak, 1985). 

13. PHARMACAL USE OF PHYTOSTEROLS 

After all that has been said about ingesting sitosterol as a chemical, be it as powder, 
granules or in emulsion, about its safety and its potency comparing favorably with other 
cholesterol lowering agents, it seems odd that sitosterol has been displaced in clinical 
practice by bile acid sequestrants with comparable potency but known for multiple adverse 
effects. 

The first reports on phytosterols, soy sterols and sitosterol, issued in the early fifties, 
were followed by a flood of publications on the usefulness of B-sitosterol for regulating 
plasma cholesterol in animals and in man. After a 25 year period, the flood receded. Some 
years later, several essays appeared recommending p-sitosterol as plasma cholesterol 
depressant in type IIa and IIb hypercholesterolemia. This suggested a rivival of sitosterol 
(Pollak, 1978). However, it did not materialize and today /I-sitosterol is being used mainly 
in studies of sterol metabolism, not therapeutically for man. Actually, in clinical practice, 
it has become more popular for non-surgical treatment of cholelithiasis and prostate 
adenoma than as hypocholesterolemic agent. 

Reasons for lack of utilization of sitosterol in hypercholesterolemia have been analyzed 
and refuted in preceeding sections. Many problems are applicable to sitosterol and to 
cholesterol, too, such as the question of purity of sterols. Problems with purity of sitosterol 
preparations are matched by problems with purity of cholesterol products. The latter 
influence not only the results of experiments but also the results of cholesterol assays in 
plasma and tissues. 

There are two principal reasons for the lack of popularity of /3-sitosterol application in 
the form of a drug. It is a fact that phytosterols and fi-sitosterol are not listed in recent 
editions of important reference texts. The Esse~ial Guide ro Prescription Drugs (1982) and 
the Ph>~sicians Desk Reference (1983) make no mention of plant sterols. The Merck Index 
(1984) has two single-word entries for fl-sitosterol and y-sitosterol. under “therapeutic 
category”, referring to them, respectively as “antihyperlipoproteinemic” and “anti- 
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cholesterolemic”. Corrections are to be made in the next edition. The Merck Manual of 
Diagnosir and Therap!, (1982) does not list phyto- or sitosterol under medications, but has 
five lines of /?-sitosterolemia and xanthomatojis as a rare recessive familial disease. The 
anonymous author of 14 lines on “sitosterols” (note the plural) in the AMA Drug 
Eualucition (1984) has not the faintest knou.!edge about /?-sitosterol, writing about a 
12-24 g daily dose instead of 3 g/day and ignoring the effect of b-sitosterol on IDL- and 
VLDLcholesterol. 

The second reason for lack of utilization of @-sirosterol as a plasma cholesterol lowering 
medication lies in the fact that none of the multiple, broad cooperative studies on 
prevention of hypercholesterolemia, coronap atherosclerosis and myocardia] infarction 
used phytosterols for clinical studies. This applies to the NHLBI type II Coronary 
Intervention Study, the Coronary Drug Project the Lipid Research Clinics Prevalence 
Study, the American Heart Association and the Atherosclerosis Study Group of the 
Inter-Society Commission for Heart Research and other groups. The reasons for excluding 
/I-sitosterol from clinical trials is not knoun. 

14. DIETARY USE OF PHYTOSTEROLS , 

The list of texts and committee reports, incomplete as it may be, failing to pay attention 
to phytosterols is quite long, though not longer than the list of books on foods and 
nutrition which ignore phytosterols. Not all can be named. In Human nutrition (1982). 
carbohydrates, fats and proteins are listed as if each of these would be an indivisible entity. 
Fibers and minerals of foods are listed but neither cholesterol nor any phytosterols is being 
listed in 23 tables. The Food and Nutrition Enc-wlopedia (1983) has two hefty volumes. It 
lists food and food products, fresh, frozen. variously prepared, it includes data on total 
calories, fat, carbohydrates, proteins, fiber. vitamins and minerals-but not the cholesterol 
or sitosterol content. 

The most recent report straddles three topics. that of hypercholesterolemia as risk factor 
of heart attacks, the subject of “Diet Therapy” and that of “Drug Therapy” of 
hypercholesterolemia. It is a Concensus Dewlopment Conference of the National Institurer 
of Health Dealing with Lowering Cholesterol to &Gent Heart Disease. The conference was 
held late in 1984, the report was issued in 1985. Omission of reference to phytosterols either 
under diet or under drug therapy is the leasr of the deficiencies of the report. Lacking 
details and specific conclusions, the report is reminiscent of a communique issued on 
termination of a political summit. The first comments concerns cholesterol as a risk of 
heart attack. Notwithstanding media advertising, ischemic myocardia] infarction is not 
caused by cholesterol blocking a coronary artery but either by a thrombus or by 
hemorrhage from an ulcerous atheroma, less often, in diabetics, by encroachment uPon 
the lumen in medicalcinosis, only rarely by an embolus of cholesterol crystals. HyW- 
cholesterolemia is a major atherogenic factor, only a minor thrombogenic factor. The 
concensus refers to “blood cholesterol”, a term long discarded since whole blood contains 
about 25% more cholesterol than plasma. The report does not disclose the method b, 
which the panel a.rrived at “normal” cholesterol ranges for subjects 20-29, 30-39, and ~0 
years and over. In the past, criteria of normalcy were arrived at by broad studies of subjet;: 
without and with symptoms of atherosclerosis. Results of assays based on 
Schoeheimer-Sperry method led to general acceptance of 240 mg/dl as the maxtmum 
“normal” level for the western world. In Mav 1985, Statland wrote that of 20 laboratories. 
14 reported as normal values up to 279 mg-dl and four reported values up to 300 @ ” 
for men 30-39, 16 reported values up to 300 mg dl and one reported 3 12 mg/d] for rnni 
40-49 years old. Goldbourt et al. (1985) studied 9902 males age 40 years and older 
measured HDL-cholesterol in 6547 of them. in addition to tota] serum cholesterol. Thc’ 
concluded that decreased HDL-cholesterol is the major risk factor within the choleste 

ro] 

complex. From the results of assays for 618 death from coronary disease they c 
onclud~ 

that increased risk of mortality related only in those with over 241 mg/dl serum cho 
lesterol. 
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No dietary intervention is supported for those with a total 2-m cholesterol level below 
240 mg/dl and certainly not for those with levels below 220mg/dl. The Lipid Clinics 
Research Primary Prevention Trial Result (1984) is based on seven years’ incidence of fata] 
inyocardial infarction in men whose total plasma cholesterol was above 265 mg/d]. There 
is a gap between statistical and optimal normality. The concensus that levels of 
ZOO-230 mg/dl are associated with increased risk of developing premature coronary artery 
disease and that such levels represent about 50% of adults in the USA lacks credibility. 
How many of the panelists have levels in this range, how many people have lower and 
how many have higher levels? Certainly, those with levels above 230 mg/dl outnumber by 
far those with levels below 200 mg/dl. If the concensus would be right, the incidence of 
myocardial infarction, high as it is, would truly be staggering. The role of the HDL/LDL 
ratio is being acknowledged but not the role of other subfractions or that of apoproteins. 
No criteria of normalcy, actual or desired, are given for HDL. The goal of reducing the 
plasma cholesterol of the entire population to less than 200 mg/dl and to less than 
I80 mg/dl for those under 30 years old is unrealistic, ignoring homeostasis. The part of 
the.concensus dealing with “Drug Therapy” is most discouraging. While it is true that, 
for the time being, niacin is the only drug available for depressing cholesterol biosynthesis, 
there are alternatives available to bile sequestrants which the panel recommends, ignoring 
all the adverse effects and contraindications. The part of the consensus dealing with “Diet 
Therapy” also calls for scrutiny. “Caloric restriction for weight normalization in the 
overweight” should be based on tables considering caloric requirements based on age, 
gender, height and weight. Recommending “a diet composed of approximately 30% of the 
intake as fat, reducing saturated fat to 10% and increasing all polyunsaturated fat up to 
10% of the caloric intake” is meaningless without absolute figures for total caloric supply. 
Shifts in the PUFA/SFA ratio are unnecessary for those whose dietary cholesterol 
consumption is kept within acceptable limits. Suggesting that no more than 200-300 mg, 
or, better, only 150 mg of cholesterol by consumed per day seems most desirable-until 
one realizes that a single fresh whole egg weighing about 50 g contains 235-325 mg 
cholesterol (Kritchevsky, 1958) an amount which comes close to or exceeds the recommen- 
ded daily intake. Suggesting labeling of foods as to cholesterol and fatty acid content has 
severe limitations, as it cannot be used for every cut of meat and every fish displayed on 
the counter. Implementation is difficult and acceptance is negligible. Suggesting a National 
Cholesterol Education Program based on the Concensus is doomed to failure from the 
start. 

Detailed criticism of the Concensus is justified because it is already being quoted 
as authoritative by the FDA Drug Bulletin of April 1985 and, repeatedly, in 
Dyslipoproteinemias and Diabetes (1985). 

Replacing the phannacal approach by a dietary regimen can be accomplished either by 
reducing cholesterol intake or by increasing sitosterol intake. Reducing cholesterol is 
comparatively easy since the cholesterol content of most foods is well known. Increasing 
sitosterol consumption is, at present, very difficult because of lack of knowledge about the 
sitosterol content of most foods. Thus, while generalities are out of place when recommen- 
ding a low-cholesterol diet, they are unavoidable when suggesting a high-sitosterol diet. 

Both, cholesterol and sitosterol have been mostly used in form of chemicals or 
pharmaceuticals for animal experiments and for clinical studies. Curiously, the first 
experiments to induce experimental atherosclerosis were performed by feeding rabbits egg 
and milk. For fl-sitosterol, there is a single report available on feeding mice sitosterol in 
the form of food, namely, feeding them colocasia leaves, with the intent to lower serum 
cholesterol (Sayeed and Ahmad, 1979). Animals and humans consume zoo- and phy- 
tosterols, though not under their labels, during administration of the sterols in chemical 
form. Such food consumption influences the results of studies. Supplementation of chow 
by carrots or lettuce alters the results of experimentally induced hypercholesterolemia in 
rabbits. 

At least two foods which, in the past, have been suggested for lowering plasma 
cholesterol contain fl-sitosterol. The California variety of the avocado pear has 24% of 
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unsaponifiables, with 80% /I-sirosterol and 20% campesterol. The Egyptian variety of the 
artichoke contains 0.2% /?-sitosterol, also, some stigmasterol and minor plant sterols, 

Vegetable oils, used more widely than avocado pears and artichokes, are another source 
of sitosterol. Consumption of the oils has been popularized through aggressive advertising, 
stressing absence of cholesterol and presence of polyunsaturated fatty acids. The active 
principle of the cholesterol lou-ering effect of vegetable oils has been variously ascribed to 
phosphatides, essential fatty acids. polyunsaturated fatty acids, and to /I-sitostero]. Of a 
series of over 20 assays by one research team on the amounts and the role of /I-sitostero] 
in vegetable oils one is cited as representative (Beveridge el al., 1958). Borgstrom (1976) 
in a review of plant sterols, attributed to plasma cholesterol depressing effect of vegetable 
oils solely to their /?-sitosterol content. Weihrauch and Gardner (1978) reviewing available 
data from 1960 to 1978, stated that fl-sitosterol is present in amounts of IO@-500 mg/]Oo g 
in 39 vegetable oils, contrasting with a 4% cholesterol content. However, the b-sitostero] 
content was reported as 120-436 m8/100 g for corn oil and as 39-58 mg/lOO g for coconut 
oil by Melton and Plerksophon (1982). Very likely, the hypocholesterolemic effect of 
vegetable oils, especially, of germ oils, is due to both their linoleic acid and fl-sitostero] 
content (Hasegawa and Shibuya. 1983). 

By and large, vegetable oils have been analyzed for the major phytosterols far more often 
and to much greater details than any other foods. The /?-sitosterol content of margarines 
depends on the source: Corn oil margarine has 430-588 mg/lOOg, soybean oil, 
136-430 mg/lOO g. Processing and refining-degumming, neutralizing, blanching, hydro- 

0, 
genation and deodorizing-have an impact on the end-product, be it oi] or margarine 
(Kochhar, 1983). By refining. for example, soybean oil loses 24% ,of phytosterols, on 
hydrogenation, it loses 50% (Kinematsu er al., 1973). 

The sitostero] content of oils has never been advertised, neither has the fact that 
hydrogenation during cooking converts polyunsaturated fatty acids into monosaturated 
acids. 

Since it is known that oxidation of cholesterol occurs on heating and with aging. 
increasing its hypercholesterolemic effect, it would be of interest to learn whether 
/3-sitosrerol undergoes a similar change which then would alter its anti-cholesterol effect. 
A single report was made by Ghavami and Morton in 1984. Deodorized soy bean oil, with 
60% /3-sitosterol, 35.5% campesterol and 5.5% stigmasterol content, was heated to frying 
temperature of 180 + IO’C for 71. 48, 72 and 96 hours. Gradually, the sterol content 
decreased, without change in the proportion of the three sterols, by 4.5, II, 15.4 and 
22.4%, respectively, for each 24-hour interval. Of course, no food is being fried for more 
than a few minutes. 

0 

-. 

In 1958, Cooper suggested that sitosterol could be prescribed either as medication or 
as dietary component. There is an analogy with vitamins. For example, one can get an 
adequate supply of Vitamin C by eating citrus fruit or by swallowing tablets of 
concentrated ascorbic acid. Differences between drugs and natural products apply equal]) 
to vitamins and phytosterols. Pharmaceuticals have the advantage of having a measured 
amount of active ingredients. Foods are more palatable but have the disadvantage of great 
variability as to sterol content. Cholesterol and phytosterols are influenced by many factors 
already mentioned, and many more. Processing, preservation, refrigeration and prePara- 
tion for consumption alter sterols quantitatively and qualitatively. 

Well over 200 reports hav,e been issued on phytosterols in foods. Most reports 
acknowledge the presence of phYtosterols without data on proportions or absolute 
amounts. The list of references-albeit, superficial-is far too long to be cited. Rarely has 
the distribution of sterols between edible and non-edible parts of a plant been considered’ 
This is important. For example. turnip leaves have 160 mg/lOO g of phytosterols. the edib’e 
root has only 63 mg/lOO g. Colocasia leaves, which are being eaten in Bangladesh, contain 
3200 mg/lOO g b-sitosterol. The tuberous root, the /I-sitosterol of which is not known bur 
is probably lower than that of the leaves of Caladium colocasia, is consumed Gde!Y as 
taro in the Pacific islands and is 
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vegetables are not available. Such data. especially if expressed.,in measures used in the 
kitchen, in portions or cups, rather than in mg!lOO g. would be welcome by those interested 
in prescribing a phyto- or sitosterol diet. Most essays refer to plant sterols. not to the three 
main members. and report the total as percent of unsaponifiable matter. Only on the basis 
of sporadic reports on sterol distribution in edible plants or part of plants can we assume 
that fi-sitosterol amounts to about 80% of total phytosterols. There are many exceptions 
to this. Cinnamon has 33 mg/lOO g and sesame seeds have 714 mg/lOO g of phytosterols: 
in both, p-sitosterol amounts to 65% of the total. Barley seeds have only 41% of 
/j’-sitosterol and buckwheat has 84.5%. Both are consumed in larger quantities than black 
tea, with 1083 mg’lO0 g fl-sitosterol. The latter seems impressive until one realizes that a 
tea bag or its equivalent as loose tea, sufficient to make two cups of tea, weighs onl! 
250mg. There is great need for more and better assays. 

Two good reviews on phytosterols in foods are available, none on 8-sitosterol. Lange 
(1950) collated data on cholesterol, phytosterols and tocopherol (mg!lOO g) in food 
products and animal tissues. Weihrauch and Gardner (1978) covered the bibliography for 
the 1960-1978 period for the US Department of Agriculture. Selected data from the duo 
reviews are presented in Table 7. A few recent reports on /?-sitosterol content of foods are 
to be added. 

Most of the tabulated data refer to foods with a relatively high phytosterol content. 
Some foods are being included in spite of a low content. ‘One of these is garlic. included 
because it is being considered by some as anti-atherosclerotic. If it has any such effecr it 
is not because of its sitosterol content. 

Cereals are near the top on the list, with regard to phytosterol content in mg,“lOO g. The!. 
offer an additional advantage of providing a high supply of fiber. At any rate, they must 
be included, next to fruits, vegetables and nuts, in any “phytosterol diet” or “sitosterol 
diet”. Such diets, based on reproducible information about the actual amounts of pianr 
sterols in foods available in the western world, are most desirable. The American diet 
supplies about 500 mg cholesterol per day, but only about 180 mg /I-sitosterol (Conner. 
1568j. 

Concerned about the lack of information on phytosterols in foods, one may be looking 
forward to pertinent new reports. Under the promising title of “sterols in foods” 
(Sheppard, 1977) one finds data on 15 foods, mainly, pie crust mix, pound cake. 
doughnuts, begels and mayonnaise. In duplicate analysis, a jar of mayonnaise contained 
,103 and 107 mg:lOO g ofp-sitosterol, contrasting with only 26 and 28 mg/lOO g in imitation 
mayonnaise. Marked differences between two sources of the same food have been reported 
by others, as indicated in Table 7. 

The source of foods and food products is not the only determining factor with regards 
to results of assays. This has been discussed in connection with data on vegetable oils and 
margarines. Methodology plays an important role. Lanzani er al. (1979) found that x7ya 
protein isolate has 10 pg/g phytosterols, with 4.8 pg/g /3-sitosterol, and that soya meal had 
I 10 pg/g phytosterols, with 55 pg/g /?-sitosterol. Different results were reported by Agater 
and Llewellyn (1982), namely, mean averages of 9.2 pg/g /I-sitosterol in three tests of five 
samples of soya protein isolate and 6 pg/g in soya flour. Their data for fl-sitosterol in soya 
protein concentrate and in extracted soya flour were, respectively, 15.2 and 20.6 ,u g g. The 
two reports also differed with regard to B-sitosterol in “meats”. Lanzani et al. (1979) found 
0.4pg/g, that is. only one-third of the amount found by Agater and Llewellyn (1982) in 
shin of beef, who also found 0.19 pg/g in lamb, 1.6 pg/g in ham, and 3.6 pg/g in chicken. 
Discrepancies in results were ascribed to methodology. Thin layer chromatography. sirh 
39% variation coefficients, was used for isolation of sterols from soya protein isolarfi. 
concentrates and flour; gas liquid chromatography was used for separation and 
identification of component sterols. 

It is gratifying that in the USA the public has been “sold” on the “salad bar”. However. 
it is being used as a supplement to’the usual lunch or supper rather than a substitute for 
meat. It is of interest to learn that 17 farmers in the state of New Jersey are growing 
dandelions for salad, vegetable stew, adding them to corn chowder, making dandelion 
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TABLE 7. Phyrosterols (mg/lOOg) in Edible Plants and Olher Foods 

Cereals, grains, flour a Legumes, pulses a 
Ria bran 
Corn gluten 
Buckwheat 
Corn * 
Sorghum 
Durum flour 
Wheat bran 
Corn bran 
Corn flour 
Peanut Sour 
Oats 
Barley, hull 

I325 common peas 
940 Snow peas 
197 b Peanuts 
178 Chick-pea 
178 Soybeans 
154 Lima beans 
144 Kidney beans 
138 Pea, seedlings 
128 Beets, top 
90 c Common beans 

58-62.5 Lentils 
60 Broad beans 

272 b 
273 -- 
220 

70-1-o 
67.5-161 
121-I-t-4 

127 
108 
96 

76-m 
63 

47.5 
a mostly, j?-sitosterol a mostly, b-sitosterol 
b incl. 164 mg p-sitosterol 
c as @-sitosterol+glucoside 
Oils, margarioes 

b all, @-sitosterol 

a Flavorings, fruits, spices, etc. 
Wheat gem oil 3600-6700 Black tea Iu)o a 
Corn oil , 580-1600 Orange juia, Valencia 385 b 
Safflower oil x0-I@30 Green tea 315 
Palm oil 120-500 Cloves 2% 
Olive oil 317475 Mayonnaise 107-218 
Cottonsad oil 470 Peanut butter 102 
Soybean oil 136-430 Artichoke, Jerusalem 100 
Peanut oil 19&300 Avocado, California 45 c 
Margarine; corn oil 430-500 Apple; pear 40 
Margarine; soybean oil 136-430 Cinnamon 37 d 
Margarine; base, stock L 260 Garlic 8-30 
a ail, fl-sitosterol 

, 

Green-leaf vegetables 

a incl. 1083 mg )?-sitosterol 
b incl. 300 mg p-sitosterol 
c inci. 25 mg p-sitosterol 
d incl. 15.2 mg B-sitosterol 
Nuts, seeds 

Colocasia, leaves 3200 a Sesame seeds 714 a 
Kale 464 b Sunflower seeds 538 b 
Broccoli 329 b Barley seeds 2-u c 
Spinach 184 c Peanuts L!O d 
Turnip, leaves 160 d Cashew nuts 158 e 
Celery, top 144 e Almonds 50-l-@ .r 
Cabbage 125 b Walnuts 108 b 
carrot, top 90.5-116 b Peacan nuts 109 b 
Alfalfa 80 f Chestnuts 19.5-57.5 g 

2 a all, /J-sitosterol 
b mostly, I-snosterol 

a incl. 4&t mg fi-sitosterol 
b all, b-sitosteroi 

c mostly, u-spinasterol c incl. 230 mg fl-sitosterol 
d root, 65 mg b-sitosterol d incl. 54 mg p-sitosterol 
e root, 65 mg /?-sitosterol e incl. 120 mg jT-sitosrerol 
f mostly, brassicasterol -.. f incl. 122 mg p-sitosterol 

-0 PS ranges indicate smallest and largest amounts reported 

sausage and a potent dandelion wine. It remains to be seen whether such foods will become 
popular. Tofu, the protein-rich soybean curds, widely eaten in the Far East. is being 
advertised as tofu ice cream and many other dishes. Its popularity is ahead of that of 
dandelions. Incidentally, the J-sitosterol content of neither is known. The American public 
is still endulging in a high caloric diet, starting with the traditional breakfast of two fried 
eggs, bacon and toast. French fries are eaten with every lunch and supper consists tnos[lY 
of meat and potatoes, with a pat of butter or sour cream, a buttered t-011 and a slice of 
pie. And, hardly a patron enters a movie theatre without carrying an oversized container 
of buttered popcorn. To re-educate the public with regard to diet is no mean task. 
Generalities must be replaced by concrete suggestions. It is essential to replace forbidden 
foods by palatable alternatives. 
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A sitosterol diet offers an alternative to sitosterol medic&q. Certainly, the two ways 
can be combined. Asymptomatic subjects may be reluctant to’accept perennial medication 
and may prefer a dietary regimen. Some expect their physician to prescribe medications 
rather than a diet. 

15. THE PROPHYLACTIC APPROACH 

The tribulations of fl-sitosterol being accepted in medicinal form and the obstacles to 
using it in dietary form to lowering plasma cholesterol have been discussed to some length. 
A third approach is available. 

There are classical precedents to prophylactic supplementation of foods. To prevent 
endemic goitre, potassium iodide is being added to table salt. For preventing beriberi, 
thiamine is being added to polished rice. These examples are being discussed to focus 
attention on the sequence of events which led to the desired goal. All projects require 
individual initiative for using a certain substance for treatment of a specific condition, next, 
a proposal to use the same substance for prevention of the condition. A persistent and 
concerted effort by the public and private sector is required before, at last. official approval 
is obtained for implementation of recommendations. The time lapse between the several 
stages is very long. At that, the evolution of the two cited projects fell into an era before 
creation of authorities which often interfere and delay such programs. 

Iodine was first suggested for treatment of goitre by Coindet, in 1820. A full century 
later, Marine and Kimball (1921) suggested that ingestion of iodine would prevent the 
development of goitre. This led to a series of studies and to recommendations by the Goitre 
Society of Michigan, in 1937, and the American Public Health Association (Detroit), in 
1941, at first, to add 0.02% sodium iodide, then, to add 0.01% potassium iodide to table 
salt. Cooperative efforts led to world-wide acceptance of the last recommendation and to 
eradication of endemic goitre. 

The original observation that beri-beri results from a faulty diet in which rice bulged 
too large was made in 1886 by Takaki (Funk, 1912). Studies with fowl and pigeons 
developing polyneuritis when fed polished rice, but not when fed unpolished rice, were 
conducted by Ejkman in 1897 (Braddon, 1907) and by Vedder and Clark in 1912. Their 
observations were found to be applicable to man. Williams synthesized vitamin B, in 1937 
(Williams and Spies, 1938) and in 1946 he proposed to the Baguio Committee, the 
Philippine Medical Association, the Chemical Society of the Philippines and the Philip-. __ 
pine Pharmaceutical Society a plan to combat endemic beri-beri by adding 2 mg thiamine 
to each pound of decorticated rice. The proposal was accepted by the Philippine 
Government, the US Public Health Service and the Philippine National Rice and Corn 
Corporation. Large-scale distribution of enriched rice started late in 1948. Within a year, 
the incidence of beriberi declined by 76 to 94%, on the average, by 89%, in seven 
provinces of Bataan. The mortality reached the zero point within 18 months. Once more, 
an individual initiative and a cooperative effort of several agencies led to unqualified 
success. 

Woods, reporting in, 1952 on the “Philippine Experiment”, wrote that “large scale 
application of nutritional principles is not less beneficial than large scale use of other major 
advances in pubiic health, such as vaccination, insect control, water purification and 
pasteurization of milk”. Sanitation, specifically, waste disposal, should be added to the list. 

The time is ripe to learn a lesson from the iodine and thiamine projects and to apply 
the principle of food additives to the problem of alimentary hypercholesterolemia. The 
suggestion of adding fl-sitosterol to foods is being made with full awareness of all the 
differences. The cause and effect relationship is clearcut for endemic goitre .and for 
be&bet-i. It is far more complex for hypercholesterolemia. The first two are deficiency 
diseases. Atherosclerosis can be broadly labeled as due to oversupply of cholesterol, or of 
oversupply of dietary cholesterol. It could be also considered as being due to deficiency 
of sitosterol. Certainly, a proper balance between dietary cholesterol and dietary sitosterol 
can’be recognized as “sound nutritional principle”. 

0016t; 
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In 1804, Scarpa (Paolantonio, 1951), noticing the fatty character of arterial lesions, 
coined the term “steatomatosis”. In 1913, over one hundred years later, Anitchkow 
described “cholesterol steatosis” (“Cholesterinsteatose”) in rabbits fed cholesterol-rich 
food. This initiated an era of ongoing experimental and clinical studies on the relation of 
hypersholesterolemia, especially, of alimentary hypercholesterolemia to atherogenesis and 
atherosclerosis. Sitosterol was discovered in cereal grain by Buriin in 1897. In 1952, Pollak 
reported on successful prenetion of induced hypercholesterolemia in rabbits and on 
reduction of hypercholesterolemia in man ingesting sitosterol powder. Three decades have 
passed since. 

Beta-sitosterol in chemical forms offers a good alternative to other hypocholesterolemic 
drugs. In dietary form, it offers a good alternative to alimentary restriction of cholesterol. 
Whether used as pharmaceutical or as a diet, B-sitosterol has proven itseIf as a valuable 
plasma cholesterol depressant. Instead of prohibiting cholesterol ingestion, a negative 
measure, one can recommend sitosterol ingestion, a positive measure. Of the ten 
commendments, the eight forbidding certain thoughts and deeds are far more often 
violated than the two recommending positive behavior. 

Prophylactic supplementation of foods with fl-sitosterol offers a third and positive 
alternative to therapy of hypercholesterolemia. Certainly, sitosterol could be incorporated 
into many foods. For practical reasons, the additive should be restricted to butter and 
margarines, be these of vegetable oil origin or not. The vegetable oil margarines are 
practically cholesterol-free. It would complicate matters to use different amounts of 

0 
,. sitosterol for each type. The j-sitosterol additive has to counteract not only the cholesterol 

in butter but all other dietary cholesterol and cholesterol from non-dietary source available 
for absorption and re-absorption. 

On the basis of successful clinical studies in which the daily intake of sitosterol could 
be reduced to a 3 g maintenance dose, the amount of j?-sitosterol to be blended into butter 
and margarines should be 8 g per bar, providing 1 g per pat. Three pats of butter or 
margarine consumed per day would provide the daily 3 g dose. 

Alimentary hypercholesterolemia can be prevented. Its degree can be reduced. The 
proposed program of prophylaxis by incorporating J-sitosterol into butter and margarines 
is economically feasible and unobtrusive. As such it deserves broad attention by public and 
private health organizations, institutions and agencies, by pharmaceutical, food and dairy 
industries, by physicians and by the public at large. 

The voices correlating dietary hypercholesterolemia with atherogenesis, morbidity and 
mortality from atherosclerosis-whether exaggerated or not-are getting louder and are 
getting more numerous. They deserve to be heard. 
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Summary 

Most animal and human studies show that phytosterols tmiucc. serum /or plasma total 
cholesterol and low density lipoprotein (LDL) cholesterol levels. Phytostemls are structurally 
very similar to cholesterol except that they always contain some substitutions at the C, 
position on the sterol side chain. Plasma phytosterol levels in mammalian tissue am 
normally very low due primarily to poor absorption from the intestine and faster excretion 
from liver compamd to cholesterol. Phytosterols am able to bc metabolized in the liver into 
C;, bile acids via liver other than normal C, bile acids in mammals. It is generaBy assumed 
that cholesterol reduction results diitly from inhibition of choleatcrol absorption through 
displacement of cholesterol from micelles. Structure-spscifii e%cts of individual phytostcml 
constituents have recently been shown where saturated phytosterols are more cfficicnt 
compared to unsaturated compounds in mducing cholesterol levels. In addition, phytostcrols 
produce a wide spectrum of therapeutic effects in animaht including and-tumour properties. 
Phytosterols have been shown expcrimentalIy to inhibit colon cancer dovelopmcnt With 
regard to toxicity, no obvious side effects of phytosterot have been observed in studies to 
date. except in individual with phytosterolemia. an inherited lipid diiorder. Further 
characterization of the influence of various phytostcrol subcomponents on lipoprotein 
profiles in humans is ttquimd to maxim& the usefulness of this non-pharmacological 
approach to reduction of atherosclerosis in the population. 

Kq R’ordc phytosterol. hypxholcsterolemia, absorption, therapeutics 

Phytosterols produce a wide spectrum of biological activities in animals and humans. Particularly 
phytosterols are considered an efficacious cholesterol-lowering agent. In the last decade there 
have been a series of studies concerning the therapeutic effecta of phytosterofs in animals. The 
present review will examine phytostcrol metabolism. summarize recent findings concerning 
phytosterols’ therapeutic action and consider their possible toxic effects. 
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I Phvtosterol Metabolism 

’ phytostcrols am structurally mlatcd to cholestcml. but differ in their side chain configuration 
(Figure 1). lltn is a wide variety of phytosteml structures but the most frequent phytostcrols 
in nature am campcsteml, g-sitostcrol. stigtnasteml. Sa-hydrogenation of phytostemls form 
saturated phytostcrols, such as campcstanol and sitostanol. 

Dietary sources of phytostemls usually come from corn, bean and plant oil in humans since they 
contribute greater amount of dietary phytosterols. It is obvious that vegetarian diets contain higher 
amount of phytostemla as compared to convendonal western diet. In the Unitcd States 250 
mg/day of phytostemls am consumed (1); in contrast. a vegetarian diet would provide two times 
of this amount (2). Conventional diets contain satutatcd phytostcrols in trace amounts (1. 2). 

phytostcrols am not endogenously synthesized in the body. therefore, are derived solely fmm the 
diet entering the body only via intestinal absorption. The pmfemntial absorption of cholesterol 
over phytosteml is a characteristic fatuP of intestinal stem1 absorption in mammals. For healthy 
humans, the absorption rate of phytostemls is usually less than 5% of dietary levels, which is 
considerably lower than that of cholesterol which is over 40% (3, 4). Thus, approximately 95% 
of dietary phytostcmls enter the colon. Only 0.3-1.7 mg/dl of phytostcmls am found in human i 

m un cr normal conditions compared with daily dietary intakes of 160-360 mglday (3-5). but 
ma I it els have been showed to increase up to two-fold by dietary supplementation (5). 

ubilixation of phytosterols in micelles is mquircd for efficient intestinal absotptlon. It was 
gested that phospholipid may play an important role in the absorptive recognition of 
lestcml (6). The addition of phospholipid into bib micclle pmmotcd the prcfcrcntial 
orption of cholesterol over 24-ethyl analoguc, sitosterol, in the isolated jejunal villus cells (6). 
s phenomenon suggests that the intestinal selection against phytostcrol may bo a general 

of phospholipid SWCN~~~ (6). In addition, it has been proposed that inadequate 
~etilication of phytosterols may play a role in the poor absorption of phytostemls by gut (7). 
grsitosteml estcrification was detctmincd by incubating intestinal micmsomal membranes with 
t&liolabelled stcmls. Acyltransfcrase dependent estctification rate of B-sitosteml was slower than 
c~olestcml. Acylcoenxyme A:chdlesteml acylnansfcrase (ACAT) dependent estcrification of 
cholesterol was at least 60 times greater than that of g-sitosterol. 

It has been demonstratcd by Miettlnen et al. (4). that serum levels of O-sitosterol and campcsterol 
were positively associated with the fractional absorption of dietary cholesterol, and negatively 
with cholesterol synthesis and biliary and faccal excretion in randomly sclcctcd human males. The 
study also suggests that scmm phytosterols were significant indicaton of cholesterol absorption 
and synthesis even under basal conditions. However, the factors that determine the serum 
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phytostcml levels in normal subjects am still unknown. 

lntcstinal phytosteml absorption is selective; campcsteml is absorbed better than b-sitostcml in 
the animal (8). stigmastcml is absorbed minimally. The components and interactions responsible 
for the absorptive discrimination may occur during the initial entry of the stcrols into the 
intestinal wall (9). Variation in side chain could exert diffenntial effpct on the uptake of 
phytostcmls from micellar solution by villus cells and brush border mcrnbranes. The phytostcrol 
uptake decmascd with an incmasing number of carbon atoms at C, of the stem1 chain (10). It 
is assumed that hydrogeniration of the nucleus double bond of a stcrol nsults in dccmascd 
absorption (11). Sitostanol (the 5a .satutatcd derivative of Rsitostcml) is not absorbed at all (11, 
12). However, campcstanol. a saturated phytostcrol. was recently shown to have higha 
absorbability comparcd to its unsaturated form (13). which is in contrast to the early assumption. 

Sitosterol and campcsterol intake produce an incrcasc in plasma sitostcrol and carnpcstcml 
concentrations (12). However, this incmase is higher for catnpcstcml than sitostcml (12). The 
discrepancy is not only due to higher campcstcrol absorption, but also to different elimination ntte 
from the liver (12, 14-15). Since hepatic estetitication of O-sitostcrol is significantly lower than 
that of catnpcsterol (16). its biliaty elimination may exceed that of campcstcml. 

Phytosteml elimination takes place via the biliary mute and appears to be more rapid than that 
of cholesterol (17). Correspondingly. endogenous phytostcrol pool sixc is low compared to 
cholesterol, due to poor absorption in the intestine aa previously stated, and faster excretion via 
bile. 

It has been demonstrated that insects and prawns am able to transform phytostcmls to cholesterol, 
then synthesized into stemid hormones or bile acids (18-20). To date, it has not been proven that 
phytostemls can be converted to endogenous cholesterol and related stem1 hormones in 
vertebrates. Attempts have been given to demons&c conversion of g-sitostcml into normal C,,- 
bile acids in mammals. Salen and his colleagues (5) reported an efficient formation of cholic 
chcnodeoxycholic acid from intravenously adrninistercd [2223-‘H] sitostcrol in humans. However, 
such attempts for demonstrating the conversion of phytostemls into bile acid have faikd in rata 
(21) and monkey (22). Also in markal contrast to the nsults of previous invwtigation with 
[22.23-‘HI sitostcml (5). no any significant conversion into labcllcd G-bile acid was identified 
for reinvestigation with [4-“]C sitosterol (23) in humans. These rcsults,,fugg~st that human 
subjects, like other mammalian species studied. have little or no capacity to convert O-sitostcml 
into the normal C,-bile acid. Several studies have shown that B-sitostcml is converted into polar 
compounds in the bile acid fraction of ran bile (21. 24-26). This polar products wcrc dl- and 

. . 
trthydmxylated C,,-btle actd. 

Sitosterolemia. a rare inherlrcd lipid storage disease, charactcrizcd chemically by the incrcascd 
plant stemls and Sol-satutntcd stanols in plasma and tissue with pnmatum atherosclerosis (27. 
28). The absorption rate of phytosteml is very high in the patients. As diet contains 5a-dihydm 
phytostcml derivatives, Sa-tampwanol and Sa-sitostanol in uace amounts. the saturated 
phytostcml at high level in plasma am probably produced endogenously in large amount. When 
plasma lipoproteins were measured in sitostemlcmic subject, phytostemls and Sa-stanols were 
distributed in about the same proportion among the various lipoprotein fractions. including high 
density lipoprotein (HDL). low density lipoprotein (LDL). very low density lipoprotein (VLDL) 
cholesterol (29). Stem1 composition in bile in sitostemlemia is diffctcnt from controlr Not only 
is less cholesterol secreted into the bile. but sitostcml appears In the same or lower proportion 
relative to cholesterol in bile as compared in plasma (29). Normally, the liver preferentially 
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-tea sitostcml into bile so them is three times enrichment of sitosteml to cholesterol as 
compared to blood in conuol subjects (5). The large quantities of sitosterol and cholestanol in 
ritostanlcrnic liver competitively inhibited cholesterol 7a-hydmxylasc for bile acid synthesis, 
which may eventually lead to dccnzdse bile acid production and deflcimt pool size (30). 

Then is little infomvltion available regarding the distribution of phytostcrols in various tissues 
of the body. It is now well established that the liver is the major organ concerning cholesterol - 
homeostasis. Whole liver and liver micmsomes of normal subjects contain only trace amounts 
of ph’fiosterols (31). l%e amount of phytosterols is about 5% that of cholestcml in liver 
microso~ of tat (32). High phytostcml levels wcm found in liver mlcmsomcs in subJccts with 
sitosKmlemik the larger proportion of phytosmeml king sitosterol (50%) and campesterol(Z4%) 
(31). 

Because phytostemls arc so similar to cholesterol in structure, consideration of the membrane 
effects of cholesterol will aid in undmtanding the structum-function relationships of phytostomls. 
Chokstcrol interacts with membrane phospholipids and affect memlnnnc lipid composidon (33, 
34). High Intakes of dietary phytoskrol (3% B-sltostcrol + 2% campesterol) for 21 days in rats 
lead to an increase. in phytosterol incorporated into liver micmsomes and a decrease in liver cell 
mcmbmne fluidity (32). Then was no change in either the phospholipid or in the total atcrol 
content of liver cell membranes by high phytostcml intake. However, the phytostcrol/cholcstcrol 
ratio was increased (32). Since cholesterol has been shown to affect the acdvidcs of many 
memMane-bound enzyme (35). phytosterol composition of mcmbmncs of some vertcbratcs could 
bc an hnportam factor governing cellular excitability (35). However, the physiological funcdon 
of phytosterols in the cells is not clearly understood. 

Health Effect of PhvtosterolE 

J1 Influence of Phvtostemls on Ciiulatinn Cholesterol 
fi) Total cholesterol: Phytostcmls have been regarded as cholesterol-lowering agents since the 
early 1950’s. The ori%nal literature concerning the cholesterol reduction of phytostcmls includfng 
Bsitoskml. campcstcrol and stigmastcrol has been reviewed by Pollak and Krltchcvsky (18). 

the action of 5sitostcrol and sitostanol in educing 
Is (Table I). These results suggest that dtosterol 
ents in mild hypcrcholesterolcmia. Furthermore, 
sm. for example. rcduclng liver acetyl-CoA 

content and ratio of individual constituents of phytostml extracts. 
haracterisdcs of phytostcml preparations arc not uniform. even after 
stem1 agents present in small quantities may exert a compounding 

Structum-s&t% effects of individual constituents in phytosteml 
(I 1, 37. 38). Rats ~na fed a 3% cholesterol diet and infected 
stigmasteml. or tick nspcctive esters (37). The serum cholesterol- 

the double bond at C!,, and side chain at C,,. with esters having 
cohsishmtly lower effect on serum and liver cholesterol than free sterol(37). Recently. saturated 
phjzostcmls have received mom attention in the field of cholaterol-lowering agents. Ring- 
sa@atcd phycosterol or corresponding esters appear to inhibit cholwtrrol lee& m~m effectively 
than wsahnatcd phytostcmls (11,38.39,40). A small amomit of saturated phytostcrol is needed 
to’t&cc circulating cholesterol compared to the unsaturated compound. Heinemann and co- 
W1. 

I 
(38) reported that sitotanol at a level of 1.5 g/day was needed to lower serum cholesterol 

significantly compared to up to 20 g/day of sitosteml in humans. 

stadr DOS.3 Subject cbmga hl Cblwad Rd 
cs LDL (S) 

The studies strongly suggest that the sarurated phytostcmls be further explored as agents of choice 
for reducing elevated circulating choksteml kvels. However, dietary cholesterol may at&t the 
effectiveness In raduction of cholesterol levels by saturatal phytostarol ucatrncnt (41). Dcnke (41) 
recently reported that lack of efficacy of low-dose (3 g/day) sitostanol ln cholesterol-lower& diet 
(220 mgldry) for cholesterol-lowering activity in men with moderate hypcrchoksun&ml~ ‘Ihis 
study suggested the effectiveness for reducing cholesterol kvel may be attenuated when the diet 
is low in choksteml. The extent of effect of saturated phymstcrol as a more efticient cholesteml- 
depressing agent is therefore a relevant area for further study. 

Bj Linoomteins and AoolitmDmtein~ Lcvcls of individual circulating lipoproteins are conaidercd 
to be more important than that of total chokste@ for assessment of risk of coronary hurt disease 
(42). It has been demonstrated that low density ligapmtein chdlestcrol is dirwztly associated with 
the development of cardiovascular disease. whereas HDL cholesterol has an inverse relationship 
with cardiovascular disease development (42). ApoIipopmnin AI is the major component in HDL 
cholesterol, while apolipoprotein B is a principal component of LDL cholesterol. It has been 
suggested that the ratio of apo B to apo AI is an indication of propensity to develop 
atherosclerosis (42). 

A series of studies were carried out to examine the effect of phytostcrols oh- lipoproteins levels. 
Larakl and colleagues (43) reported that mixtures of phytostemls slgniticantly reduced not only 
the. total concentration of cholesterol but also LDL cholutcml levels in mts fed a cholcstcrol 
supplemented diet. In a human study by Vanhanen et al. (44). supplementation of soluble 
sitostanol esters reduced total circulating cholesreml and LDL cholutcml levels by 7.5% and 
IO%, nspcctively. In addition, another study in familial hypercholestcmlcmla in childhood 
showed that sitostano!. even with the dose four-fold lower than that of aitosarol. was significantly 
more effective in reducing elevated LDL cholesterol, and the rcducdon ln serum lipid kvels was 
of the sama magnltudc as that observed with sirosteroI(40). With the significant decrease of LDL 
cholesterol. reduction of athemgenic index LDUHDL cholesterol was soen with dietary intake 
of phytosterol (39. 44, 45). 

There have been reports on the association of dietary phytosterol and circulating HDL cholwterol 
and its major protein apo A. Sutherland and his colleagues (46) investigated the levels of plasma 
phytostcmls and HDL choksteml level in long distance runners. Plasma phytostcrol 
concentrations were correlated positively and significantly with plasma HDL cholesterol 
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conccntmtions. The mechanism of positive association between phytosterol and HDL cholestttol 
level in long distance runners is not clearly understood. There wem several nports regarding the 
influence of dietary phytosterols on the HDL cholesterol level in animals end humans. Circulating 
HDL cholesterol levels remained unchanged with the addition of phytosterols (43, 44. 47). 
However. Z&k et al. (45) reported that a tbrce week administration of phytosterol caused en 
inctwrsc in the cholesterol fraction in HDL cholesterol. although not significantly. 

Similar to changes in LDL cholesterol. the levels of epo B have been shown to decrease with the 
administration of dietary phytastemls (39.40.44.45). In contrast, Weisweiler and colleagues (48) 
reported that the addition of phytosterol did not cause any change in apo B and apo AI. With the 
reduction of epo B by the treatment of dietary phytosterols. e significant reduction of ethcrogenic 
index apo B/ape Al was also seen (45). 

C) lccithin:Cholesterol Acvluansferasc (LCAT& Lccithin:cholesteml acyltrensferese (LCAT). a 
maior comoonent in HDL cholesterol. facilitates the scauesuation of cholesterol within the 
hydrophobi’c core of HDL cholesterol through an incteesc’of estcrification of sterol, generating 
in the process a chemical potential gradient which leads to continuing uptake of the steml. a 
process involved in reverse cholesterol transport (47). Additions of dietary phytosterols were 
found to increase LCAT level in blood (43. 44, 48). Molecular csterificetion rate of LCAT 
increased by approximately 50% and the fraction of cstetitication rate by approximately 100% 
(48). In another experiment. thnc weeks of trcetmcnt with phytosteml raised LCAT activity in 
plasma and cholesterol fraction in HDL cholesterol (45). The changes of LCAT could potentially 
lead to mdisbibution of cholesuml between HDL cholesterol and other lipoproteins. The elevated 
molar esteriftcation rate of the LCAT may indicate en increased synthesis and sccntion of the 
enzyme by the liver. This change could bc associated with the depressed liver cholesterol content 
after phytosterol treatments. Whether phytosterols could accclcmtc body cholesterol turnover 
nmeins to be determined. 

D) Mechanism of Blood Cholesterol Reduction bv PhvtQ&&: Muldplc theories have been 
advanced cancernine the mechanism bv which nhvtosterol functions as a plasma cholesterol 
depressant. It is g&rally accepted thet*phytoste;ols inhibit intestinal absorphon of cholesterol. 
Figure 2 illustrates the possible mechanisms by which phytostcrol lowers circulating cholesterol 

Ihhib&on of Cholesterol Absorption in the Intestinq The potential mechanisms by which 
hibits cholesterol absorption include inhibition of bile salt cholesterol micellar 
competition with the brush border for cholesterol uptake (8.49). changing miccllar 
intracellular esterification and/or incorporation into chylomicron (10). 

\! 

\ 

t present, mduccd cholesterol solubilization in bile salt micelles is proposed as e major factor 
i inhibited absorption of cholesterol by phytosterols (49. 50). It has been nported that the 
i corporation of phytosterols into cholic acid mlcclles am 34.30.23. 15 and 3% for campesterol. 
&ostcrol, cholesterol, stlgmasterol and ergosterol. respectively (51). Since campcsterol and 
~tostcrol am mom hydrophobic than cholesterol. they have a high affhtity than cholesterol for 

‘celles. 
d olestcrol from micelles with a favoureble free energy change. A study in vitro revealed that the rf: 

thus restricts the solubility of cholcsterot. Themfore, phytosterols can displace 

r#c of sitostcrol movcmcnt from the micelIar phase to triolcin was 3.5 fold higher than 
cholesterol (8). Sitostanol was shown to be more effective than sitostcrol in reducing cholesterol 
absorption when higher doses of each wem infused into the intestine of humans (52). Cholesterol 
absorption declined during sitostcrol or sitostanol infusion by almost 50% and 85%. mspactively 
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(52). The fact that sitostanol was mom hydrophobic than sitosterol may explain why sitostanol 
was more effective than sitosterol in reducing circulating cholesterol and LDL cholesterol in 
children (40). 

Inhibidon of cholesterol absorption has been dcmonstratcd to increase cholestcml. copmstanol 
end bile acid excretion in rats (53). These effects were dose-dependent, and likely related to the 
cholesterol lowering effect of phytosterol. Phytosterols and choleskrol in the colon act as 
substrates for metabolizing enzymes such es cholesterol dehydmgcnase. a bacterial enzyme. 
Catabolism of dietary phytostcrol to its metabolites by these cnxymcs. msults in incmascd 
excretion of feecel cholesterol end lower levels of its mctabolitcs (54). With elevated feecal 
cholesterol. hepatic conversion of cholesterol to bile acids is promoted;-conscquendy blood 
cholesterol level decreases. 

ii) Svnthesis and Excretion of Cholesterol by Fhvtostcrol: Inhibition of cholwkrol absorption 
leads to reduce feed-back regulation of entcrohcpetic cholesterol circulation. and produces a 
compensatory incnasc in cholesterol synthesis (39. 44). Administration of phytosurol 
intrapcritoneelly or subcutaneously to animals has bben reported to lead to depressed levels of 
plasma cholesterol (55. 56). These studies suggested phytostcrola may have an intrinsic 
hypccholesterolemic~cffcct via mechanisms other than those involving cholesterol absorption. 
Discrimination of cholesterol absorption could not complekly explain the hypocholestctolemic 
effect of non-intestinal administration of phytosterol. even though clcvatcd blood phytostcrols by 
intrepctitoneally or subcutaneously treatments could be secmtcd from the Eva vie bile Into the 
intestine, then inhibit cholesterol absorption (57). Investigators have attempted to clarify the 
mechanism for hypocholcsterolemic action of phytosterols bypassing the intestinal mucoSa 
Efforts have been given to investigate the influence of phytosterol on cholesterol synthesis by a 
series of studies. Person et al. (58) reported the intmpcritoncal injection of Esitostcrol into rata 
lowqrcd plasma cholesterol. while stimulating cholesterol synthesis from aCetak. Konlandt and 
Fisher (56) made similar observation in chicks. In contrast, Subbiah and Kuksis (21) were unable 
to demonstrate any effect from intravenous bolus injection of 4-8 mg Bsitostcrol upon 
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cholestaogcnesis In the rats. A mom recent s~dy showed that accuquladon of sitostcrol in tissue 
of rats has no influence on 3-hydroxyl-3-methyl-glmaryl CoA (HMO CoA) ruluctase (a limiting 
enzyme of cholesterol synthesis) activity (59). Only a much large doJe of phytosterol (100 mg) 
brought about a partial inhibition of hcpatic cholesterogenesis (60). The effects of the large doses 
of phytostcrols were atuibuted to the displacement of increasing amount of cholesterol from the 
wscular tissuu (60). It is generally assumed that the presence of an alkyl group in the side chain _ 
prevents the phytostcrols from an effective cholcstcrogcncsis with critical sites of feed-back 
regulatory system of cholcstcmgenesis (60). 

The nsults on the lntluence of phytostcrols on conversion of cholcstcml into bile acids am 
conflkting. Tabata (37) has shown that intravenous in&don of 0.5-i mglday phytosterol for 5 
days rwultcd in a SignificantIy increased conversion of cholesterol into bile acids in the rat. 
Shefer et al. reported (61) that sitosterol at a level of 2% of diet for 1 week produced an increase 
of activity ofchoIcsteroL7a hydroxylase (a limiting fate enzyme of conversion of cholesterol into 
bile acids) in the rat. Other investigators (21) failed to detect the changes. However. more recent 
SNdkB showed that elevated plasma sitostcrol by inbapcritoncal and intravenous InJection 
decreased cholesterol-7-alpha-hydmxylase activity in animals (57. 59). \ 

S~dica with sitostcrolemia could provide more information concerning phytosterol’s influence 
on cholcsteml synthesis and its excretion via bile acids. Cholestcml synthesis in sltosterolemlc 
patients was shown to be extremely low (27). and removal of stem1 from liver was also slower 
(28). Remarkably, nzducai HMO CoA nductase was. charactcrlxed in sitosferolnnic liver. 
However. higher tissue sitostcrol concenwtion do not inhibit hepatic HMO CoA mductase 
activity or steady Bmu? message RNA levels (59). Them was no difference in the efficiency of 
HMO CoA rcductase catalytic activity detected between contmi and sitos&rolemic liver (32). 
Further study with hybridized RNA has shown that the deficiency of micmsomtd HMO CcA 
reductase in sitostcrolemic livers can be attributed (0 the very low levels of HMO CoA reductasc 
mRNA available for enzyme translation (31). The deficiency of HMO CoA reductase in the liver 
of sitostcmlcmia is inherited and not due to the hepatic accumulation of sitosterol (59). High 
tissue concentration of silostcml in patients comp&ivcly block cholesterol ‘la-hydmxylase 
activity, and raise pldsma cholcstcml levels (30. 59). 

I 

) Othj Theraveutic Effecq 

1) And-Tumour Pro~ertieq 

Within the last decade it has been suggested that phytostemls may possess and-Nm0u.r proputica 
in both animals and humans. Phytostcmls showed inhibition of tumoun induced by ~hanical~ in 
animals (67). There arc cumntly a series of reports on the and-colonic Nmour activities derived 
from phytostcmls. Epidemiological studies have shown that populations &msumIng high level of 
phytostcmls may be at decreased risk for colon cancer (68,69). Experimcntnl studies by Raicht 
and co-workers (70) showed that rats administmd methylnitrosourea &iNU). a direct-acting 
carcinogen. pmduccd a significantly higher incidence of turnours after 28 weeks compamd to rats 
administcted MNU and fed a diet containing 0.2% f3-sitostcrol. Feeding dietary Bsimstcml. aI 
a level of 0.3%. 10 rats induced with MNU significandy dccmascd the rate of colonic cpithcllal 
cell proliferation and compnssed the crypt’s prolifcradvc compartment (71). thus suppressing 
expression of the altered genomc. A further study investigated the dose rtsponsc effect of dietary 
phytosterol addition on colonic mucosal cc11 proliferation in mica not reon’ving an administered 
carcinogen (72). Phytostcmls significantly reduced the coIo&c epithcliai cell prolifcsaddn induced 
by supplementation of cholic acid in diet in a dose-dependent manner, m findings ra!oNl well 
with epidemiological aNdies. which show an increased intake of phytostcrol in populations at 
lower risk for development of colonic cancer, 

Epidemiological and experimental shldics in general have implicated dietary cholesmol as a 
factor in colon carcinogcnesis. primarily through the production of its end products (-01 
and other neutral sterol and bile acids) by colonic microflora (68). Sccondrvy bile acid probably 
play a major role in the development of colonic Nmoura (73). It has been suggested that a high 
ratio of secondary lo primary bile acids may increase the risk of colon cancer (74). Addidonally. 
it has teen proposed that cholesterol and its metabolitcs may be involved in the aetiology of 
colon cancer (75). Studies have shown that dietary phytosterol significantly alters levels of faccal 
choIestem1. cholesterol breakdown products ahd bile acids (53. 54). 

Phytostcrol may decrease epithelial cell proliferation by suppressing the bacterial metabolism of 
cholesterol and/or secondary bile acids in the colon and by incrmsing excretion of cholesterol 
itself. Dietary phytostemls appear to inhibit colon cancer development at an early smge (i.e. 
before adcnoma formation); however. the mechanism by which they may decrease ccl1 
proliferation is unknown (71). 

Toxicitv of PhvtostcrolS ‘1 

No obvious side effects have been observed after long.tcrm FeedIng ai phytostcrols In animals 
and humans (40, SS,76). Chronic (60 days) subcutamous administration of &ritostrrol Jn rats 
was well tolerated and evidence of gross or microscopic lesions either, in the liver or kidney was 
not observed. Furthermon, liver and kidney function tests were asses& by determining 
blood/serom parqtcrs such as haemoglobin. blcud glucose. serum protein, serum biliibin. 
serum OFI’ and GOT (55). All clinical biochemical parameters were in the normal range with 
exception of serum cholesterol. Serum cholesterol was the only variable which was markedly 
depleted in both sexes in a dose-dependent manner, suggesting the intrinsic hypocholcsterolemic 
effect of the sterul (55). 

Phytosterol treatments were reported to cause certain side effects at very high doses. Dietary 
phytostcmls have been occasionally reported to cause diarrhoea in animals and humans (77). 
Furthermore, sitostcrol has been shown to affect reproductive dssue,in that Bsitosterol may act 
as an abortifacient in animals (78). As well. high doses (O.S-Smg/kg per day sub~tancously) of 
I)-s[tostcml in rats rcduccd sperm concentrations as well as weigh& of testis and accessory sex 
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tissues in a timedependent manner. Thirty day withdrawaJ from ucatmcnt restored the weight 
of accessory sex tissues to near-normal conditions (76). The mechanism of andfertJlJty of 
phytostciols remains unJmown. Recent cxpetimcnt by HJJo et al. 1994 (79) rcverdcd mat 
phytostcmb. sdgmasteml and~campesterol, inhibited the membrane N,+. I<+-ATPase activity of 
benign pmstatic hypctplasia. which may subscqucntJy suuppmss prostat~-ceJJ mataboJism and 
gtoowth. To study me pathogenwis of early dcvelopmcnt of &zt~~Jmsi~ in sitostefolrmia, the. 
effect of sitosteml exposure. on vascular cndothelial cells in vitro was investigated in cuhumd 
human umbilical vein endotheJiaJ cell (80). Exposure to 0.7 mm01 of sitostcrol for 72 h caused 
contraction of endothelial cells and increased the rclcasc. of Jntracellular lactate dchydrogcnasc. 
After 96 h incubation the cell were partly detached fiom the substrate. At this timepoint 0.35 
mrnol of sitostcrol also caused perturbation of the endotJteJial cell (80). 

In conclusion, evidence from studies over the past 40 years has shown that circulating total and 
LDL cholesterol levels can be rcduccd by ingestion of phytosterols. This reduction is mom 
obvious with consumption of saturated phytostcrols, such as sitostanol versus less saturated g- 
sitosterol or compesterol. ‘Ihe mechanisms of hypocholesterolcmic action incfude inhibition of 
cholesterol absorption and dccmased excretion from the liver. It has been suggested that 
supplementation of phytosterols have anti-colonic cancer property in addition to other bcneficJaJ 
actions in the animals. High amounts of phytostcrol may possess negative influence on 
repro$tctive system, also occasionalfy cause diarrhcca in animals. However, presently it can be 
assumed that at moderate levels of plant sterols offer advantages as safe and inexpensive ptimary 
cholesterol lowering agents for use in humans. 
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THE EFFECT OF AZELASTIN HYDROCHLORIDE ON PRlJRl 
LEUKOTRIENE B4 IN HBMODIALYSIS PATIENTS 

Hidetoshi Kanai, Akinori Nagashima, Eriko Hirakata. Hideki Hirakata 
Satoru Fujimi* and Masatoshi Fujishima 

Second departmen of Internal Medicine, Faculty of Medicine, Kyushu I 
+Fukuoka Red Cross Hospital 

Maidashi 3-l-1, Higashi-ku, Fukuoka city, 812 Japan 
(Reaived in frual form April 121995) 

Pruritus is a very common complication in chronic hemodialysis (I 
however the exact mechanism for this af’llicdon is still not known. An 
usually failed to alleviate uremic prurltus. In others. an anti-allergic 
inhibits the release of chemical mediators, such as leukotrienes or histaml 
cells, was reported to be effective. We evaluated the values of leukou 
intedeukin 6 in HD patients with prurltus and the effect of an anti-allergic ( 
factors. Leukomene B4, intetleukin-6, C3a. C5a, the ntirnbei of cosinopl 
0, 15 and 180 mhunes after the start of regular HD in ll.HD patients SI 
pmritus ami as well as in 11 HD patients without pm&us’ were examine 
patients in both groups showed significantly higher (p<o.oOl) values of le 
and C3a compared IO healthy non-HD subjects. There was no diffe 
leukotrlene 84, intcrleukin-6, 1gE. Qa and C5a levels between the patic 
without pnuitus.Two mg/day of azelastin hydrochloride. an anti-allerg 
orally given to the pruritus group for 3 weeks. In 5 of 11 patients, 
symptoms disappeared, while in 4 of 11 they improved. Independent of 
the drug on pruritus, leukotriene 84 levels significantly decreased comph 
before the administration of this drug in the pruritus group (p&01). II 
C3a, C5a and the number of eosinophils demonstrated no significant 
conclusion, although azelastin hydrochloride was effective in treadng prur 
suppressed leukotriene B4 levels in hemodialysis patients, the high let 
activity itself did not seem to be related to the development of p171ritu5 fn th 

key W&s.- azelastin hydrochloride, hemodialysii interllukia.6, kidney failure, leukotriene 

Pruritus is a very common complaint and important issue related-to the the 
chronic hemodialysis (HD) patients. Prurltus, by itself. is not a serious con11 
cause a variety of problems such as sleep disturbance, irritability.-skin infecti 
problems. 

There have been few studies concerning this complica&n. in which the fnq 
Correspondence: Hidetoshi Kanai: Second department of Internal Medic 
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/LSitosterolemia with Generalized Eruptive Xanthomatosis 

HIDEKI HIDAKA, HISATSLCC SUGIURA*, T;\L.\-.M NAKAMURA, Hin~ro KOJIMA, 
MA~AHI~~@ FUJITA, NOBLO SUGIE*, HIDI:TOYI: OK,4BE**, YOSHIHIKO NISHIO, 
HIREHI M,4EGAM:A, ATS~NCXI KASHIKAGI, ,ANU RYLICHI KIKKAWA 

.4bstract. The clinical features of the first case of a patient with sitosteroiemia and generalized eruptive 
xanthomatosis are described. A six-year-old girl \vith generalized eruption was referred to the lipid 
clinic btxnuse of the high plasma cholesterol le\,els determined b!; the enzymatic method. Neither 
clinical signs nor results of lahorntory examinations appeared to be abnormal, except for the eruption 
and the increase in the plasma cholesterol concentration. A family survey revealed high plasma 
cholesterol concentrations in the mother and one of two other siblings. Histological examination 
showed the eruption to be a xanthoma. Plasma sterol analysis by high-performance liquid 
chromatography revealed a noticeable increase in plasma plant sterol as well as cholestanol 
concentrations in the proband and the h~F7erch~~lesterolemic sibling. The other family members had 
slightly high plasma sterol concentrations. This is the first cask of a sitosterolemic patient Mrith eruptive 
xanthomatosis. The case indicates that the clinical features of the xanthoma in sitosterolemia are not 
only tuberous or tendon but also eruptive, and also suggests that sitosterolemia should be considered in 
the differential diagnosis of hypercholesterolemia in almost every case with tuberous or eruptive 
xanthoma. The diagnosis is clinically importani, since the disease can be treated successfully by diet 
therapy and bile acid binding resins. 

Key zxrds: /&Sitosterolemia, Eruptive xanthoma, Tuberous xanthoma, Hyperlipidemia, Familial 
(Endocrine ]ourna2 44: 59-64,1997) 

i 

SITOSTEROLEMIA is a rare inherited disorder 
of lipid metabolism, and has been reported to show 
many clinical symptoms and signs such as multiple 
xanthomas of tendon and subcutaneous tissues, 
premature atherosclerosis, intravascular hemoiytic 
anemia, splenomegaly, and platelet abnormality, 
and others [l]. One of the significant signs is 
Xanthomatosis, and xanthoma has been reported 
to be tuberous or tendon. Previously we reported 
a very rare case of the disease showing signs of 
multiple spinal xanthomas which had induced 
neurological symptoms and signs due to 

Received: April 4,1996 
Accepted: August 19, 1996 
Correspondence to: Dr. Hideki HIDAKA, Third 
Department of Medicine, Shiga University of Medical 
Science, Seta, Oh&u, Shiga 520-21, Japan 

compression of the spinal cord [Z, 31. We 
encountered and report here the first case of 
sitosterolemia with generalized eruptive 
xanthomatosis. 

Case Report and Family Study 

A six-year-old girl was referred to our lipid clinic 
because of generalized xanthomatosis with high 
serum cholesterol levels. She had had localized 
eruption on both shoulders and forearms since the 
age of 4 years, and the eruptions had become 
general at the age of 5 years. The eruptions were 
yellowish and approximately 1 mm in diameter. 
She had been treated as having atopic dermatitis 
with steroid ointments. No clinical improvements, 
however, were observed with these treatments. She 
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has had no arthralgia. Laboratory examination 
revealed a noticeable increase in serum lipid, total 
cholesterol 500 mg/dZ and triglycerides 250 mg/dl 
after breakfast. There was no family history of 
sudden death or premature atherosclerosis, but one 
of the siblings (elder sister) had tuberous xanthoma 
in the hands, feet and buttocks. 

The patient’s height was 108 cm, and weight 18 
: kg. No physical abnormalities except for eruptive 

xanthoma (Fig. la, b) were observed. Neither 
tuberous xanthoma nor thickening of the Achilles’ 
tendon were seen. Laboratory examination 
revealed moderate hypercholesterolemia as 
determined by the enzymatic method, but no other 
major abnormal findings including urinalysis, 
thyroid function tests (serum levels of TSH and 
free T4), and serum creatinine and fasting plasm& 
glucose levels. Serum lipid levels of her family 
members at fasting are summarized in Table 1. 
Subject 2 (the mother) presented moderate 
hypertriglyceridemia, but serum triglyceride levels 
were only mildly increased in subjects 4 and 5. 

Fig. 1. Xanthomas of the sitosterolemic patients. 
a, Eruptive xanthoma in the back of 
proband; b, Eruptive xanthoma in the 
thigh of proband; c, Tuberous xanthoma 
in the first toe of sister (subject 4). 

Neither anemia nor thrombocytopenia was 
observed in any family member studied. 
Histological diagnosis of the eruption (subject 5) 
and tuberous tumor of the skin (subject 4) was 
xanthoma of the skin (Fig. 2). 

Plasma sterol analysis was performed as 
described by Kasama et al. [4]. Plasma levels of 
plant sterols as well as cholestanol were noticeably 
increase in subjects 4 and 5 (Fig. 3), and a diagnosis 
of sitosterolemia was made. The plasma 
concentrations of sterols are shown in Table 2. A 
mild increase in plasma concentrations of plant 
sterols as well as cholestanol was observed in the 
mother and father (subjects 1 and 2) who should 
be obligatory heterozygotes of the disease as well 
as the brother (subject 3). 

After establishing the diagnosis of sitosterolemia, 
a low cholesterol and low plant sterol diet was 
prescribed for the patient as well as the affected 
sibling. Diet therapy successfully decreased the 
plasma levels of plant sterols as well as cholesterol 
(Table 3). Serum triglyceride levels in both subjects 
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Table 1. Serum lipid levels in family members ni sitosterolemlc patlent !z.ith eruptive xanthomatosis 

Serum lipid levels at fasting __-_ .-._ . ..--._-._.-_-.-~ --_--- -.--- 
Subject Age Sex Total cholesttarol Tril;l!,cerides HDL cholesterol Ape E Fhenotype 

(yr5) (mg d!) (mg/dll (mg/dl) 
__- .-____ 

1 Father 36 M 2x 78 59 N.E. 

2 Mother 34 F 2X 535 28 E2/3 

3 Brother 10 M 175 162 32 E3/3 

4 Sister 8 F -I31 195 24 E2/3 

i Proband 6 F 260 150 36 E3/3 
-~ 
N.E.. not examined 

Fig. 2. Microscopic view of the xanthoma of the skin. a, At tuberous tumor of buttock in subject 4, foamy cells had 
accumulated around perivascular spaces. b, At the eruptive sites in subject 5, small aggregations of foamy phagocytes 
were observed in the papillary dermis, i.e., just beneath the epidermaliayer (Hematoxylin and eosin, x 200). 

decreased slightly after the treatment (195 mgldl 
to 165 mg/dl;n subject 4,150 mg/dl to 112 mgldl 
in subject 5). The sterol levels of plasma lipoprotein 
fractions separated by the ultracentrifugation 
method [S] in the two sitosterolemic subjects after 
diet therapy for 4 months aie also summarized in 
Table 3.. The sterol compositions of lipoproteins 
Were similar in all lipoprotein fractions, in contrast 
to the original report [6] which described the 
predominant distribution of plant sterols in low 
density lipoprotein fraction. The xanthomas 
(tuberous in subject 4, and eruptive in subject 5) 
diminished in size during the diet therapy, and 
eruptive xanthoma in the face in subject 5 as well 
as tuberous xanthoma on the plantar side of 
Proximal end of the first toe (Fig. lc) disappeared 
almost completely. 

Discussion 

Xanthomatosis is an important clinical sign in 
familial hyperlipidemic diseases. Tuberous and 
tendon xanthomatosis is characteristic of 
hypekcholesterolemic diseases such as familial 
hyperchqlesterolemia [7]. Eruptive xanthomatosis, 
on the other hand, is.characteristic of moderate or 
severe hypertriglyceridemic hyperlipidemia such 
as type 1, III and V hyperlipidemia in the WHO 
classification. 

Sitosterolemia is a rare inherited disease in which 
plant sterols are accumulated in the whole body. 
Since the first report of two cases of the disease 
IS], 31 patients from 20 families have been 
described in the literature [l, S-111. Clinical 
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Fig. 3. Elution pattern of benzoate derivatives of plasma sterols in siblings of subject with 
sitosterolemia and generalized eruptive xanthomatosis. Left, subject 3 (brother); middle, 
subject 4 (sister); right,.subject 5 (proband). Peak 1, desmosterol (internal standard); peak 
2, cholesterol; peak 3, campesterol; peak 4, cholestanol; peak 5, sitosterol. 

Table 2. Plasma sterol concentrations in family members of a sitosterolemic patient 
with eruptive xanthomatosis determined by HPLC (mg/dl) 

Subject Cholesterol Sitosterol Campesterol Cholestanol 

1 195 0.9 1.1 0.6 
2 225 0.9 1.5 0.9 

3 759 2.2 1.4 0.6 

4 388 25.3 20.1 6.5 

5 233 18.6 14.6 3.1 

Control (n=15) 236 + 38 1.05 + 0.26 0.74 + 0.36 0.43 Lk 0.12 
Range 193-323 0.78-I .73 0.24-1.7 0.20-0.76 

Normal (n=lO) 187 I25 0.71 2 0.13 0.48 i 0.23 0.39 0.18 F 
Range 140-240 0.57-0.99 0.20-0.87 0.10-0.79 

T.he sterol levels were determined after derivatization of extracted nonsaponifiable 
fractions of plasma with desmosterol as an internal standard. Normal values were 
obtained from healthy subjects, and control values from hyperlipidemic subjects 
without xanthoma. The values are the mean i SD. 

presentation includes xanthomas, premature 
atherosclerosis, hemolysis, thrombocytopenia, 
splenomegaly, and arthralgia 1121. Tuberous or 
tendon xanthoma has been reported as a 
characteristic feature of the disease as seen in 
subject 4 in this family, but no case of eruptive 
xamthomas has previously been reported. The case 
presented here is the first reported incidence of 

sitosterolemia with generalized eruptive 
xanthomatosis. Eruptive xanthomatosis has been 
reported to be associated with severe 
hypertriglyceridemia such as chylomicronemia 
syndrome including familial lipoprotein lipase 
deficiency, in which serum triglyceride levels are 
more than 2,000 mg/dl [131. It is therefore difficult 
to speculate on the etiology of the eruptive 
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Table 3. Sterol concentrations after dletary treatment in plasma lipn- 
protein fractions of t\co sitosterolemic patients determined 
by the HPLC 

Before treatment .4fter 4 month of diet therap! -__- 
Plasma Plasma VLDL IDL LDL HDL 

Subject 4 
Cholesterol 368 173 17.5 11.5 111 24.9 
Sitosterol 25.3 12.2 0.1 0.8 8.9 2.1 
Campesterol 20.1 9.6 0.8 0.6 6.9 1.4 
Cholestanol 6.5 2.6 0.2 0.2 1.9 0.3 

Subject 5 
Cholesterol 233 191 s.5 S.0 144 30.8 
Sitosterol 18.6 14.2 0.4 0.5 10.6 2.7 
Campesterol l-I.6 11.6 0.4 0.5 8.7 2.0 
Cholestanol 3.1 2.5 0.1 0.1 1.9 0.4 

Samples were taken at fasting after low-cholesterol and low-plant sterol 
diet therapy for 4 months. 

xanthoma in this case since serum lipid levels were 
only mildly hypertriglyceridemic (less than 300 
mg/dl even after meals). Although we could not 
determine the sterol composition of the eruptive 
and tuberous xanthoma in this family because of 
the difficulty of obtaining the consent to re-biopsy 
the xanthomas, the eruptive xanthoma persisted 
for more than one year without significant fasting 
hppertriglyceridemia. The xanthomatosis may 
therefore be attributable to the inherited 
sitosterolemia, even though this unique clinical sign 
should in future be confirmed in other cases of 
this rare disease by not only histological 
examination but also a chemical composition study. 
Questions also remain as different types of 
xanthoma were observed in the same family of 
sitosterolemia (eruptive in subject 5 and tuberous 
in subject 4). It is possible that other congenital or 
environmental factors may, contribute to the 
Pathogenesis of eruptive xanthoma, since the 
mother of the proband had hypertriglyceridemia 
as well as mild hypercholesterolemia, as shown in 
Table 1. 

It has been reported that a low plant sterol diet 
improves the clinical symptoms and signs of 
sitosterolemia especially xanthomas in young 
Patients [9, 141. In the subjects presented here, 

xanthoma as well as plasma lipid levels were 
improved by diet therapy. We have reported three 
middle-aged patients with sitosterolemia apart 
from this family 1141. The tuberous and tendon 
xanthoma of three patients were not clinically 
improved despite the successful reduction of 
plasma sterol concentrations by diet and 
cholestyramine therapy for more than five years. 
It is therefore important that the lipid abnormalities 
be treated at a young age to prevent not only the 
persistence of the xanthoma but also the 
progression of premature atherosclerosis in 
sitosterolemia. 
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Relationsh.ips of Serum Plant Sterols (Phytosterols) and Cholesterol in 595 
Hypercholesterolemic Subjects, and Familial Aggregation of Phytosterols, 

Cholesterol, and Premature Coronary Heart Disease in Hyperphytosterolemic 
Probands and Their First-Degree Relatives 

Charles J. Glueck, James Speirs, Trent Tracy, Patricia Streicher, Ellen Illig, and Janet Vandegrift 

To assess relationships of serum phytosterols (plant sterols [P]) to serum cholesterol (C), P were measured by gas-liquid 
chromatography (GLCI in 595 hyperchoiesterolemics (top C quintile in screening of 3,472 self-referred subjects). A second 
specific aim was to determine whether high serum P would track over time and whether they would predict familial aggregation 
of high C, high low-density lipoprotein cholesterol (LDLC), high apolipoprotein (ape] B, and increased premature coronary heart 
disease (CHD) in hyperphytosterolemic probands and their first-degree relatives. Mean -c (SD) C was 260 t 56 mg/dL, 
campesterol (CAMP) was 2.10 -C 1.6 pg/mL. stigmasterol (STIG) 1.71 z 1.67, sitosterol (SIT] 2.98 -c 1.61, and total P 6.79 c 3.66 
pg/mL. Serum C correlated with CAMP (I = .15,P $ .OOl), STIG (r = .lO, P 5 .02), SIT (r = .34, P 5 .OOOl), and total P (r = .29, 
P 2 .OOOl). High serum CAMP and STIG were associated with a personal or family history of CHD in subjects less than or equal 
to age 55 years (premature CHDJ. In 21 hyperphytosterolemic probands who initially had at least one P at or above the 95th 
percentile and a second P at or above the 75th percentile, P were remeasured 2 years later. Initial and 2-year follow-up CAMP, 
STIG, and SIT did not differ [P > .7). Initial and follow-up CAMP were correlated (r = .47, P = .03). There was a history of 
premature CHD in 42% of the hyperphytosterolemic probands’ kindreds, more than twice that (19%) in the full cohort (,$ = 6.2, 
P = .013). Of 34 first-degree relatives of the 21 high-P probands, 11 (32%) had top decile C,3.2 times expected.? = 5.8.P = .016, 
and 79% had top decile apo B, 7.9 times expected, 2 = 33.4, P < .OOOOl. Probands’ CAMP, SIT, and P were significantly 

w 
sitively correlated with their 34 first-degree relatives’c, LDLC, and triglyceride levels. Probands’ CAMP and P correlated with 

,latives’ apo B. In the 34 first-degree relatives, P were correlated with C, high-density lipoprotein cholesterol (HDLC), and apo 
Al; CAMP and SIT correlated with HDLC, and with apo Al. High P tracks, correlates closely with and predicts high C, high LDLC, 
and high apo B in families, and appears to be associated with increased premature CHD, independent of cholesterol. Increased 
absorption of all dietary sterols with resultant high P and high C may be a heritable, atherogenic trait separate from the rare, 
recessive familial sitosterolemia. ., 

Copyright b) 1991 by W.S. Saunders Company 

S ERUM PLANT STEROLS (phytosterols [PI), campes- 
terol (CAMP), stigmasterol (STIG), and sitosterol 

(SIT), come entirely from dietary intake, are not endoge- 
nously synthesized, and are excellent indicators of choles- 
terol (C) absorption and synthesis.‘” Approximately 250 mg 
of P are ingested daily, with 65% as SIT, 30% as CAMP, 
and 5% as STIG.’ A gastrointestinal gatekeeper function 
prevents absorption of all but a tiny fraction of dietary P 
( < 5%), while allowing absorption of 40% to 60% of dietary 
C.‘-’ Total serum P range from 0.3 to 1.7 mg/dL in adults? 
Increasing dietary P sevenfold to IO-fold in adults leads to 
less than a twofold increase in serum P.’ Serum P correlate 
with the percentage absorption of dietary cholesterol, but 

there is an ongoing ‘maturation’ in the ability of the subject 
to reject absorption of the phytosterols, so that, by adult- 
hood, even major changes in dietary phytosterols result in 
minimal changes in plasma levels.” 

Calorimetric methods for measuring serum C mistakenly 
measure P as C,’ since both have cyclopentanophenan- 
threne rings with 3-/3-hydroxy substitution and a 5-6 double 
bond. P can be specifically quantitated in serum by gas- 
liquid chromatography (GLC).“.” 

C absorption appears to regulate both C synthesis and 
serum C levels.‘~‘c” C absorption overloads hepatocytes 
with C and thus de novo C synthesis in the liver cells is 
down-regulated?‘*.” 

e independent of the amount of dietary C and P.’ Very 
a ge doses of P (several grams per day), by transiently 

blocking absorption of C, enhance C biosynthesis and lower 
serum C levels, but increase serum levels of P only very 
modestly in adults.‘“.” Commercial infant formulas, en- 
riched with vegetable oils and low in C, generally elevate 
infants’ serum mean total P from normal levels of less than 
2 mg/dL” to approximately 9 mgldL,*’ higher than in adult 
populations. I” We previously speculated” that . . . “during 
the progression from infancy to childhood to adulthood that 
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In the rare, recessively transmitted familial hyperphytoste- 
rolemia, absorption of both P and C is highJs2’ and serum 
P are high. Some, but not all subjects are hypercholester- 
olemic, and premature atherosclerosis is common.LCmZ’ In 
familial hyperphytosterolemia, the predominant sterol accu- 
mulated in xanthomas is C.“= Lipoproteins rich in P may 
be unusually vulnerable to tissue uptake and degradation, 
with increased atherogenic transfe?‘a of sterols to tissues 
at relatively low lipoprotein C levels. Reduced C synthesis 
may be the primary biochemical abnormality in hereditary 
phytosterolemia, with compensatory enhanced intestinal P 
absorption, increased lipoprotein sterol transport, and 
enhanced receptor-mediated low-density lipoprotein (LDL) 
degradation.2l24 

Our specific aim in the current study was to assess the 
relationship of serum levels of P to C in 595 hypercholester- 
olemic subjects. A second specific aim was to determine 
whether high serum P levels would track over time and 
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whether they might predict familial aggregation of high 
serum C, high apolipoprotein (apo) B, and increased 
premature coronary heart disease (CHD) in hyperphytoste- 
rolemic probands and their first-degree relatives. 

MATERIALS AND METHODS 

Subjects 

Population-based blood sampling for the current study extended 
from November7,1987 through December 5,1987 at four different 
suburban shopping center sites and at the Jewish Hospital on 4 
consecutive weekends for a total of 8 days of sampling.” ‘f’he 
screening included 1,986 women and 1,486 men for a total of 3,472 
subjects, following a protocol approved by the Jewish Hospital 
I.R.C., and with signed informed consent. Given the public 
locations for the high-volume, population-based sampling, we did 
not obtain measures of height, weight, or skinfolds. 

As previously described,= at the initial screening (November 7, 
1987 through December 5, 1987) subjects could select either a 
measurement of serum C alone or a full lipid profile (total 
cholesterol, triglyceride, high-density lipoprotein cholesterol 
[HDLC], LDLC), which was performed only in the fasting state in 
subjects who were confirmed by venesectors to have had at least a 
It-hour fast. Each participant received a questionnaire that 
focused on premature CHD events, asking the following question: 
“Did you or any parent, brother, or sister have a heart attack 
before age 55?“” 

The cohort included in the current study incorporated the 
hypcrcholesterolemi? top quintile subset (n = 595) of the original 
3,472 screenees, where adequate serum was available for P 
measurement. Of these 595 hypercholesterolemic subjects, 140 
(24%) bad elected at their initial sampling to get a lipid profile 
after a 1Zhour fast. 

Twenty-one individuals having at least one serum P at or above 
the population 95th percentile and one level at or above the 75th 
percentile (Table 1) were recalled for resampling in December 
1989 to February 1990.2 to 2.25 years after their first sampling. At 
this resampling, a detailed family history was obtained from these 
21 hyperphytosterolemic probands and information was gathered 
on their first-degree relatives’ names, addresses, and phone num- 
bers so that they could be approached for blood sampling and 
evaluation. In five kindreds. the probands refused to allow or 
facilitate blood sampling in their first-degree relatives. In 16 
kindreds, of 77 living first-degree relatives, 34 (44%), 83% of those 
living in southwestern Ohio, were subsequently studied, either at 
the Cholesterol Center or by home visits, from December 1989 to 
the present. Of the 43 first-degree relatives not studied to date, 36 

Table 1. Mean (*SD), Median. and Percentile Distributions of Serum 
Phytosterols (pg/mL) and Cholesterol (mg/dL) in 595 

Hvoercholesterolemic Subiects Studied in 1987 

C CAMP STIG sn local P 
Percentile (mddU lidmU IrslmLl Ire/mLl IdmU 

10th 196 0.76 0.59 1.20 3.51 
25th 223 1.10 0.79 1.86 4.66 
50th 254 1.64 1.31 2.65 6.03 
90th 328 2.56 2.11 3.77 7.95 
95th 357 5.07 3.97 5.98 13.76 
99th 424 7.02 7.74 8.36 19.33 

Meall 
f SD 260 zc 56 2.10 f. 1.6 i:71 f 1.67 2.98 r 1.61 6.79 L 3.66 

Median 253 1.64 1.31 2.65 6.03 
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(84%) live outside of southwestern Ohio, and attempts to obtain 
their blood samples by mail have, so far, been unsuccessful. 

Quantitative Measures of Serum C and P 

Serum C, HDLC and LDLC, and triglycerides were measured in 
our laboratory following previously published methodologyx After 
collecting the serum samples in late 1987, and after selecting the 
595 hypercholesterolemic top quintile subset by serum Cti the 
serum was frozen at -70°C (three aliquoted tubes per subject). All 
follow-up samples were obtained in 1989 to 1990 after a 12-hour 
fast in the morning to avoid diurnal variation effects on serum P 
levels.” 

Serum P levels were quantitated by GLC, as follows.% One- 
milliliter samples were saponified in 5 mL of ethanolic NaOH (10 
mL ION NaOH + 90 mL 95% ethanol) for 1 hour at 100°C. The 
resulting sterols were extracted using petroleum ether. Samples 
were analyzed on Perkin-Elmer Sigma 1 Gas Chromatograph 
(Norwalk, CT) using Spholestane as an internal standard. The 
conditions were injector temperature 275X, detector temperature 
280°C column temperature 250°C isothermal. The column was a 
15-m DB-17 megabore (J&W Scientific, Folsom. CA). Carrier gas 
was helium at 40 mUmin flow. Betweenday and withinday 
coefficients of variation for SIT, CAMP, and STlG were less than 
2%, and accuracy was excellent, with 98% of P standards being 
quantitatedP When standards were added to set-a and the mixture 
was carried through the analytic process,” 92% of the added 
standard was recovered.n 

Apo Al and B were measured in the first-degree relatives of the 
hyperphytosterolemic probands by rate imrnunonephelometty.” 

Statistical Anaiysis 
Using the Shapiro-Wilk tcst,R none of the C or P distributions in 

the 595 hypercholesterolemic subjects were normally dismbuted, 
thus mandating Spearman rank-order correlation.? and Wilcoxon 
nonparametric paired tests of differences.‘0 (X-square and Fish- 
er’s exact chi-square analysefl and ANOVA% were used to assess 
relationships of P to personal or family history of CHD at age 55 
years or less (premature CL-ID). 

RESULTS 
Diwibutioras of Serum C, P, and Age and Sex in the 595 
Hypercholesterolemic Subjects 

Table 1 displays percentile distributions, mean f SD, 
and median levels for C, CAMP, STIG, SIT, and total P in 
the 595 subjects. As can be seen, by selection, the C 
distribution was skewed toward high values (Table 1). Gf 
the P, SIT had the highest mean serum concentration, 
followed closely by CAMP, and then STIG (Table 1). 

As displayed in Table 2, of the 595 subjects in the 
hypercholesterolemic top quintile, serum P were uniformly 
higher in the 140 subjects known to be fasting for 12 hours 
than in the 45.5 subjects in whom fasting status was not 
documented. However, the fasting and nonfasting subjects 
did not differ in regard to serum totai C (Table 2). 

Table 3 displays sex, age, and total C and P distributions 
in the 595 hypercholesterolemic subjects, the 21 hyperphy- 
tosterolemic, hypercholesterolemic probands who were 
resampled, and the 574 hypercholesterolemic subjects not 
resampled. The hyperphytosterolemic subset (n = 21) did 
not differ from the not-resampled hypercholesterolemic 
subjects (n = 574) in regard to percentage of men and 
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Table 2 Serum Phytosterols (pg/mL) and Cholesterol (mg/dL) in 
1987 in 595 Hypekholesterolemic Subjects. 140 Fasting and 455 

Whose Fasting Status Was Not Known 

Variable n Mean SD Median 

CAMP 140 2.18 1.26 1.89 
455 2.08 1.71 1.61 

STIG 140 1.72 1.01 1.5 
455 1.71 1.82 1.2 

SIT 140 3.28 1.62 3.21 
455 2.88 1.59 2.55 

Total P 140 7.18 3.0 6.42 
455 6.67 3.8 5.86 

Total C 140 264 24 261 
455 267 32 261 

P (wilcoxonl 

429 

.022 

.003 

.003 

.86 

women, age, or median total C, but, by selection, had 
significantly higher serum SIT, CAMP, and STIG (Table 3). 
There were also no significant correlations between age or 
sex and serum P in the 595 hypercholesterolemic subjects, 

0 

the 21 hyperphytosterolemic probands, or the 574 hypercho- 
lesterolemic subjects not resampled. Thus, neither age nor 
gender were significant predictive variables for P levels, and 
the hyperphytosterolemic subset did not differ demograph- 
ically from the whole sample population. 

Reiatinrhips Between a Personal or Famiiy History of CHD 
at Age 55 or Less and Serum P 

Of the 506 subjects answering the question on personal 
or family bistoty of CHD at age 55 or less (premature 
CHD), there were no significant differences (P > .l) in 
serum SIT, STIG, or total C between the 19% with 
premature CHD and the 81% without. Median CAMP (1.9 
l&nL) was marginally higher (P = ~397) in the 19% of 
subjects with premature CHD than in the 81% without (1.6 
ug/mL). When covariance was adjusted for total C, a less 
significant association between CAMP and CHD emerged 
(P = .135). 

Premature CHD was nearly twice as common (27%, 
P = .096) in subjects in the top STIG decile than (14%) in 
the subjects in the bottom STIG decile. This difference in 

0 
premature CHD was independent of serum C, with median 
C levels not differing (P > .1) between the top and bottom 
decile STIG groups. 

There was a history of premature CHD in six of 25 (24%) 
subjects in the top 5% for CAMP versus 0 of 24 subjects in 
the bottom 5% (P = .022, Fisher’s exact x’), with median 
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serum C not differing (P = .8) between the top and bottom 
5% CAMP groups. 

In the 19 hyperphytosterolemic probands providing infor- 
mation on personal or family history of CHD, 42% of 
kiudreds‘had a history of premature CHD, more than twice 
the 19% in the full cohort (x’ = 6.2, P = .013). However, 
median C in the hyperphytosterolemic probands did not 
differ from that of the cohort (Table 3). 

Relutionrhips Between Serum C and CAMP in the 595 
Subjects 

As displayed in Table 4, serum, C was significantly 
correlated with CAMP, STIG, SIT, and total P, with the 
closest relationship being with SIT (r = .34, P = .OOOl). 
CAMP levels were significantly related to STIG and SIT, as 
were STIG levels to SIT (Table 4). Calculating partial R* 
from the simple correlation coefficients of Table 4, 11% of 
the variance of serum C could be accounted for by SIT, 2% 
by CAMP, and 1% by STIG. 

Of the 595 subjects, at their initial sampling, 140 had a 
full lipid profile after a 12-hour fast. In this group of 140 
subjects, median total C was 261 mg/dL, triglyceride 152 
mg/dL, HDL 53 mg/dL and LDL 176 mg/dL, and median 
CAMP was I.89 &mL, STIG 1.5 &mL, SIT 3.21 &nL, 
and total P 6.42 &mL. In this group of 140 subjects, the 
only statistically sign&cant correlation between serum P 
and lipoprotein C levels was between SIT and LDL C 
(r = .18, P = .03). 

Follow-up of Individuals with Elevated Levels of Serum P 
(1987-1989) 

Twenty-one hyperphytosterolemic probands from the 
initial cohort of 595 subjects were selected for follow-up 
studies in 1989 to 1990 by virtue of having at least one 
serum P (at the initial 1987 sampling) at or above the 95th 
percentile, and a second phytosterol at or above the 75th 
percentile (Table 5). We did not obtain quantitative dietary 
information on P, C, or fat intake in these 21 probands or in 
any of the 595 subjects in 1987. 

Nine of this cohort of 21 subjects at the first (1987) 
sampling had at least one serum P at or above the 99th 
percentile (Table 5). Seventeen had at least one P at or 
above the 95th percentile, but below the 99th percentile 
(Table 5). Eight had at least one phytosterol at or above the 
90th percentile, but below the 95th percentile (Table 5). 
There were no significant differences between the first and 

Table 3. Sex, Age. Total Cholesterol (mg/dL), and Phytosterol (wg/mL) in the 595 Hypercholestcrolemic Subjects Studied in 1987, the 574 
Hypercholesterolemic Subjects Shrdied in 1987 and Not &sampled in 1989-1990, and the 21 Hypercholesterolemic, 

Hyperphy-tosterolemic Probands Resampled in 1969-1990 

Tots1 C SIT CAMP SllG Total P 
Group WF Mean t SD Median Median Median Median Median Median 

n - 595 2311364 57.8 14.4 2 61 261 2.65 1.64 1.31 6.03 
n = 574 222l352 57.7 14.5 z 61 260 2.62 1.61 1.28 5.92 

, n-21 9/12 59.2 2 13.4 62 262 6.28 5.94 3.74 14.65 
x2 (574:ZlJ NS NS - - - - - 
Wilcoxon (574:Zl) - - - i P = .63 P = .OOOl P = .OOOl P = .OOOl P = .OOOl 
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Table 4. Simple Spearmsn Correlations, Serum Cholesterol, and 
Phytosterols in the 595 Hypercholesterolemic Subjects 

C CAMP SllG SIT TOTAL P ----- 
rP I P I P * P I P 

c - .14a /JO03 ,095 .021 .335 .owl .292 .OOOl 
CAMP - .245 .OOOl .398 .OOOl ,719 .OOOl 
STIG .188 .OOOl .575 .OOOl 
SIT - .782 .OOl 
Total P - 

second samplings for serum CAMP, STIG, SIT, or total P 
(Table 5). There were highly significant correlations be- 
tween the first CAMP measurements and those 2 years 
later, but no significant associations between the first and 
second STIG, SIT, and total P levels (Table 5). 

At the second sampling in 1989, the distniutions of 
serum CAMP, STIG, and SIT in the 21 hyperphytoster- 
olemic probands remained skewed to very high percentiles, 
comparable to the original sample (Table 5). There were no 
significant differences (P > .l) between the percentile 
categories for serum P ‘levels in the 21 hyperphytoster- 
oiemic subjects, comparing their 1987 and 1989 to 1990 
distributions. 

There were significant correlations between changes in 
serum P levels between the first and second measurements 

(Table 6). The change in CAMP was significantly associ- 
ated with change in SIT and change in totaI P (Table 6). 
Change in STIG was associated with change in total P 
(Table 6). Change in SIT was associated with change in 
total P (Table 6). 

Correlations Between Serum P and C in 
Hyperphytosterolemic Probands and Their Firsr-Degree 
Relatives 

In 16 of the 21 hyperphytosterolemic probands’ kindreds, 
34 first-degree relatives. (44% of living relatives) were 
sampled. In these 16 kindreds, probands’ serum CAMP, 
SIT, and total P were significantly correlated with their 
first-degree relatives’ serum C and LDLC levels (Table 7). 
Moreover, probands’ serum CAMP and total P were 
correlated with their first-degree relatives’ apo B (Table 7). 
Also, probands’ CAMP, SIT, and total P were associated 
with their first-degree relatives’ tiglyceride levels (Table 
7). Finally, there was a significant association between 
probands’ SIT and first-degree relatives’ STIG (Table 7). 

Hypercholesterolemia and Hjperapobetalipoproteinemia in 34 
First-Degree Relatives of the HyperphytosteroLemic Probands 

Of 34 first-degree relatives, 11(32%) had top decile total 
C, 3.2 times that expected (2 = 5.8, P = .016), and 26 of 33 

Table 5. Initial (First, 1987) end Follow-up (Second, 1989-90) Serum CAMP, STIG, and SIT (kg/mL) 

Subject Initial Total C 
NO. hWU 

PHY-01 293.t 

CAMP 

First Second 

9.721 8.495 
PHY-02 
PHY-03 
PHY-04 
PHY-05 
PHY-06 
PHY-07 
PHY-09 
PHY-10 
PHY-11 
PHY-12 
PHY-13 
PHY-14 
PHY-15 
PHY-16 
PHY-17 
PHY-18 
PHY-19 
PHY-20 
PHY-21 
PHY-22 

289% 
293t 
2% 
258 
241. 
282t 
286t 
226t 
334-t 
291* 
266t 
300* 
262. 
251. 
2489 
256’ 
252. 
24.8 
276* 
245 

17.545 26.375 
7.829 14.655 
6.93 1.30 
4.00t., 6.41$ 
8.675 7.41* 
3.42 7.39* 
2.15 8.43§ 
3.66 8.825 
6.88$ 3.02’ 
1.22 1.58 
2.03 3.21’ 
2.96. 4.47’ 
6.34? 7.02* 
7.11: 7.81s 
1.30 3.80’ 
6.22: 13.885 
1.81 12.155 
3.29* 6.834 
5.94s 5.36$ 
7.w 23.271 

12.825 

SnG 

1.29 
1.93 2.58’ 
3.07’ 0.52 
3.74 3.75 
0.65 1.91 

First 

5.w 

Second 

2.72’ 
9.801 2.64’ 
4.w 4.4O? 
0.97 3.01’ 
7.741 

4.00* 

6.61* 
4.86t 

0.71 

6.62% 
11.56) 3.81* 

2.05 4.07: 
2.54’ 4.28$ 
1.53 6.981 
1.37 3.92. 
7.45$ 4.58s 

24.845 5.70s 
1.26’ 17.75s 
0.39 4.37t 

6.84+ 20.115 

SIT 

37.205 

Told P 

47.775 
7.21% 12.515 16.96$ 29.741 
8.12s 6.85$ 18.11s 8.67’ 

First 

9.445 

Second 

6.33% 17.181 

First SsCOCd 

16.49* 
0.64-t 6.71 t 17.96% 16.03t 
5.30t 8.615 

10.595 

14.16t 

6.89$ 

18.72$ 
1.81 

24.315 

5.4ot 

16.WS 

13.46t 16.47: 
3.32 6.61$ 11.82t 19.865 
5.98* 9.815 13.83% 15.w 
1.85 3.30 10.81t 11.49t 
1.15 2.31 a.G4* 12.14t 
2.22 6.08$ 16.74$ 14.36t 
5.38t 7.w 13.77s l&93$ 
6.91* 8.405 16.56: 20.495 
8.01$ 4.00. 10.84t 14.78* 
6.97* 10.181 14.56$ 27.989 
6.26s 10.345 15.52* 27.075 
1.90 3.18 30.035 15.79* 
7.46% 18.375 14.65$ 41.481 
6.28s 17.515 14.41s 45.151 

M.Sat-l 
Paired Wilcoxon (first visit Y second visit) 
Correlation of first and second wxs, 

268.1 5.56 8.65 
NS 

5.36 4.40 
NS 

5.79 8.64 
NS 

16.71 21.28 
NS 

0 

Speatmen I = .47 P = .034 r = -.02 P = .95 r = .39 P = .083 r = .19 P = .42 

NOTE. Tour1 C percentile levels used were those specified by the Lipid Research Clinkm 
l 2 75th percentile. b 
t 2 9Oth percentile. 
$ > 95th percentile. 
J z 99th percentile. 
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Table 6. Correla$ons of Changes (A) in Phytostero) Levels Between 
First 11987) and Second (1989-1990) Measurements 
(2.25 Years Later), Spearman Correlations (r,P) in 

21 Hyperphytosterolemic Probands 

Table 8. Correlations in First-Degree Relatives of 
Hyperphytosterolemic Probands: Phytosterols Versus Lipids. 

Lipoproteins, and Apolipoproteins (n = 34) 

ACAMP 

ASTIG 

ASIT 

Total 
ACAMP ASTIG ASFT AP 

- -.16 .52 .61 
50 .016 .004 

- -.03 .50 
.91 .021 
- .66 

.OOl 

Total C 
Triglyceride 
HDLC 
LDLC 
Apo Al 
Apo 8 

l P < .l, > .05. 
tP i .05. 

CAMP STlG 

0.29 0.25 
-0.06 0.31’ 

0.49 -0.02 
0.13 0.23 
0.37t 0.14 

-0.08 0.24 

SIT 

0.24 
-0.22 

0.46t 
0.16 
0.39t 

-0.01 

Total P 

0.37t 
-0.03 

0.41t 
0.25 
0.36” 
0.06 

ATotal P 
- 

(79%) had top decile apo B, 7.9 times expected, X* = 33.4, 
P < .OOOOl. 

mg/dL) was similar to the stated normal range of Kuksis et 
al, 0.3 to 1.7 mddL.8 

Correlations in First-Degree Relatives of 
Hyperphytosteroiemic Probands: P and Lipids, 

l Lipoproteins, and Apolipoproteins 

As displayed in Table 8, in the 34 first-degree relatives, 
serum total P were significantly associated with total C, with 
HDLC, and with apo Al levels. Serum CAMP and SIT 
were significantly correlated with HDLC and with apo Al 
(Table 8). 

Serum C levels were closely associated with serum SIT, 
which accounted for 11% of its vaiance, with CAMP, 
which accounted for 2% of the variance, and with STIG, 
which accounted for 1% of the variance. Total serum P 
were closely correlated with total serum C, both in the 
cohort of 595 hypercholesterolemic subjects (r = -29, 
P = .ooOl), and in the 34 relatives of the hyperphytoster- 
olemic probands (r = .37, P s .05). The correlation of total 
serum C to SIT in the current study (r = .335, P = .OOOl) 
was nearly the same as that reported by Miettinen et al* 
(r = .388). However, Miettinen et al* reported a closer 
correlation of CAMP to C (r = .425) than we did (r = .148). 

DISCUSSION 

Serum P are significant indicators of C absorption and 
synthesis. I2 When serum P are high, then presumably 
dietary C is efficiently absorbed, sterol absorption efficiency 
as a whole is high, hepatic C synthesis is low, and serum C 
concentrations are high.‘~b9.‘e’9 

Mean levels of CAMP in the current study (2.1 t 1.6 
&mL) were comparable to those reported in 63 adult 
Finnish subjects by Miettinen et aI (3.2 2 1.47 &mL). SIT 
in the current study (2.98 z 1.61 &mL) was similar to that 
reported by Miettinen et al (2.57 -c 0.92): Total serum C in 
the study by Miettinen et al.’ (2,500 f 464 &mL) was also 
comparable to C in the current study (2,600 -C 560 &mL). 

0 
The range of total serum P in the current study (0.35 to 1.93 

Our finding of significant associations of serum CAMP 
and SIT with HDLC and apo Al in the 34 first-degree 
relatives of the hyperphytosterolemic probands is not sur- 
prising. In contrast to C, serum P preferentially accumulate 
in HDL, where P to C ratios are almost 40% higher than in 
very-low-density lipoproteins or LDL.’ Our P-HDLC- 
LDLC correlations were similar to those of Miettinen et al, 
where serum CAMP and SIT correlated with HDLC and 
‘LDLC. It has been speculated” that the enrichment of 
HDL with SIT is associated with reverse C transpoit and 
reverse P transport by HDL. 

In 21 hyperphytosterolemic subjects at their initial screen- 
ing in 1987, all remained hyperphytosterolemic 2 years 
later, and all were hyperchoIesterolemic, consistent with 

Table 7. Pairwise Correlations Between Serum Phytosterols, Total Cholesterol, HDLC and LDLC, Triglyceride Ape Al and APO B 
in Hyperphyto&rolemic Probands (n = 16) and Their First-Degree Relatives (n = 34) 

Probends 

First-Degree Relatives CAMP snt St-t Total P TotalC 

CAMP 
STIG 
SIT 
Total P 
Total C 
Triglyceride 
HDLC 
LDLC 
Apo Al 
Apt B 

‘P < .l, > .05. 
tP s .05. 
w 3 .02. 
IP i; .Ol. 

-0.043 0.132 0.160 0.119 0.068 
0.120 -0.134 0.331’ 0.280 -0.140 
0.156 0.177 0.164 0.143 0.091 
6.060 0.146 0.222 0.196 0.055 
0.416: -0.079 0.4839 0.536§ 0.285 
0.344t -0.305. 0.302’ 0.335* 0.128 

-0.053 0.130 0.130 0.074 0.221 
0.412t -0.084 0.413$’ 0.4.31* 0.239 
0.124 -0.013 0.312, 0.199 0.336’ 
0.32’ -0.027 0.283 0.318. 0.362. 
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the suggestion by Miettinen et alI2 that hyperabsorbers of P 
are also hyperabsorbers of all sterols, including C. Mean P 
levels in the 21 hyperphytosterolemic subjects 2 years after 
their initial screening did not differ from those at their 
initial screening, and there was considerable tracking of 
CAMP levels. 

In the current study, hyperphytosterolemia appeared to 
be a heritable marker in kindreds for hypercholesteroiemia, 
hyperapobetalipoproteinemia, and increased premature 
CHD. Thus, of 34 first-degree relatives of the hyperphytoste- 
rolemic probands, a significant proportion (32%) had top 
decile total C, 3.2 times that expected, and 79% of the 
first-degree relatives had top decile apo B, 7.9 times 
expected. Moreover, in these 34 first-degree relatives, 
CAMP and total P were correlated with serum total C. 

In the 16 hyperphytosterolemic probands’kindreds where 
first-degree relatives could be sampled, th< probands’ 
serum CAMP, SIT, and total P levels were significantly 
correlated with their first-degree relatives’ total C, LDLC, 
and triglyceride levels. Probands’ CAMP and total P were 
correlated with relatives’ apo B. Thus, the hypercholester- 
olemic probands’ P significantly predicted their first-degree 
relatives’ atherogenic LDLC and apo B. This is (to our 
knowledge) an original finding. Obligate heteroaygotes 
from families with the rare, recessively inherited familial 
sitosterolemia, a disorder separate from the familial aggre- 
gations in our current report, us~all~~~ but not always’* 
have normal serum C and P levels. 

Our current report suggests that mild hyperphytoster- 
olemia may be a familial marker for hyperabsorption of P 
and C in probands and their first-degree relatives. Since we 
did not measure P absorption, we cannot rule out the 
possibilitythat the high serum P might reflect slower in vivo 
P clearance. 

Hyperphytosterolemia identifies kindreds with elevated 
total C and LDLC levels, presumably due to increased 
absorption of C. A variety of other hypotheses to explain 
the data can also be considered. Could high-C, high-fat 
diets produce hypercholesterolemia while also increasing P 
absorption? High-fat, high-C diets have been shown not to 
alter the eficacy of P absorption.’ Although serum and 
lipoprotein P levels are significantly correlated with the 
percentage absorption of dietary C, they are entirely 
independent of the amount of dietary C and P,’ and hence, 
the sera P:C correlations do not reflect an epiphenomenon. 
Could the correlation between serum C and P simply reflect 
an increase in lipoprotein transport capacity in serum? We 
are not aware of studies that show that increased lipopro- 
tein production rates influence gastrointestinal sterol ab- 
sorption. Moreover, in familial sitosterolemia,~“” it has 
been proposed that the primary biochemical abnormality is 
reduced C synthesis (reduced formation of HMG-CoA 
reductase), leading first to compensatory high P absorption 
and then to increased lipoprotein sterol transport, as well as 
to augmented expression of tissue LDL receptors.” 

We postulated that our mildly hyperphytosterolemic, 
hypercholesterolemic subjects should be sensitive to major 
reductions of dietary C and P.” After 8 weeks of a diet low 
in P (mean, 94 mg/d), low in C (mean, 129 mgld), and low in 
total fat (23% of calories), in seven tiyperphytosterolemic 
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probands,” mean serum CAMP was reduced 58% (P I, .OS), 
mean STIG decreased 98% (P 15 .Ol), and mean SIT 
decreased 69% (P 5 .OS), coupled with a 10% lowering of 
serum C (P = .057).% 

Since familial hyperphytosterolemia is associated with 
premature atherosclerosis,=*‘3Us identification of hyperphy- 
tosterolemia in hypercholesterolemic subjects may be a 
useful marker for individuals and their families at relatively 
high risk for premature CHD. P appear to initiate the 
development of xanthomas at otherwise normal C levels.1° 
It has also been speculateda that there is increased tissue 
uptake and degradation of P-rich lipoproteins, with en- 
hanced net transfer of sterols to tissues occurring at 
relatively low plasma lipoprotein levels. Within this frame 
of reference,mp the persistent mild hyperphytosterolemia 
associated with hypercholesterolemia in the current study 
may well reflect a subcohort of hypercholesterolemic indi- 
viduals at substantially increased risk for premature CHD 
by virtue of increased sterol transport into tissues. Our 
current study showed an augmented risk of premature 
CHD associated with mild hyperphytosterolemia. In the 
full cohort, median CAMP was higher in those subjects with 
a personal or family history of premature CHD. Premature 
CHD was more common in kindreds in the top than in the 
bottom decile for serum STIG (independent of serum C). 
Twenty-four percent of subjects in the top 5% for serum 
CAMP had a personal or family history of premature CHD, 
compared with no subjects in the bottom 5% for CAMP 
(P = .022), a difference independent of serum C. More- 
over, also independent of serum C, 42% of the hypet-phy- 
tosterolemic probands’ kindreds had a history of premature 
CHD versus 19% of the full cohort (P = .013}. .: 

Since hypercholesterolemic patients are usually-treated 
by diet or diet and drugs,” how might the additional 
identification of mild hyperphytosterolemia alter therapy? 
First, hyperphytosterolemia, as in the current report, may 
identify a subset of hypercholesterolemic subjects at more 
than the “usual,” expected high CHD risk by virtue of high 
total C and LDLC. These mildly hy-perphytosterolemic, 
hypercholesterolemic subjects have increased levels of 
atherogenic, P-rich lipoproteins more likely to transfer 
sterols to tissues,mz and usually have elevated apo B levels. 
In familial sitosterolemia,s high LDL apo B levels accom- 
pany high SIT levels, and are thought to contribute to 
increased risk of premature CHD. It might be advisable, in 
mildly hyperphytosterolemic, hypercholesterolemic sub- 
jects, to provide not only conventional low-fat, low-C diets, 
but also diets relatively low in enriched sources of P such as 
vegetable oils, with a goal, realized in our study of seven of 
our hyperphytosterolemic probands,” to ameliorate the 
mild hyperphytosterolemia. Of the C-lowering drugs, bile 
acid-binding resin therapy might particularly benefit hyper- 
phytosterolemic, hypercholesterolemic subjects.” 

We speculate that the mildly hyperphytosterolemic, hy- 
percholesterolemic kindreds of the current report may also 
have a heritable, atherogenic trait, separate from the rare, 
recessively transmitted, familial sitosterolemia~~-‘U’~ where 
serum P levels usually are much higher than those in our 
kindreds. 
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It is almost 18 years since the first reports on sitosterole- 
mia appeared (1). Two sisters with tendon xanthomas and 
normal plasma cholesterol levels were found to have 
elevated plant sterol concentrations in the plasma. A high 
percentage of dietary sitosterol was absorbed from the in- 
testine, as measured by the sterol balance technique, and 
was believed to account for the plant sterol accumulation. 
Since the original report, 27 patients from 16 families 
have been detected (1-14). The clinical presentation in- 
cludes tendon xanthomas, accelerated atherosclerosis 
‘particularly affecting males at a young age, hemolytic epi- 
sodes, and arthritis and arthralgias. The risk of pre- 
mature atherosclerosis was observed in several young 
male subjects who died because of acute myocardial in- 
farctions associated with extensive coronary and aortic ar- 
teriosclerosis. The youngest was a 13-year-old Amish male 
who had four other homozygous siblings (3). In addition, 
a 17-year-old male, personally followed by the authors, de- 
veloped angina pectoris, showed an abnormal cardiac 
stress test with decreased coronary artery perfusion, and 
died suddenly of an acute myocardial infarction while ex- 
ercising (15). Examination of his coronary arteries at post 
mortem revealed 60% occlusion of the left anterior de- 
scending coronary artery (Fig. 1). However, multiple 
microinfarctions were noted in the myocardium which 
suggested that the atherosclerotic process had begun 
earlier and was chronic and progressive. 

0 

Sitosterokmia is inherited as a recessive trait (14). Het- 
ero,zygotes are clinically and biochemically normal, 
although plasma sitosterol levels of some heterozygous 
subjects may be slightly but significantly increased over 
controls. These values still differ quantitatively from 
homozygotes by lo- to 20-fold (9, 12). Of interest is the 
high degree of inheritance of the homozygous state. In 
two unrelated families, homozygous sitosterolemia was 
present in 4/4 and 2/4 siblings respectively, from each 
family. 

Biochemical features 

The hallmark biochemical feature of the disease is the 
demonstration of elevated concentrations’ of sitosterol 

‘.. 

(24-ethyl cholesterol) in the plasma (1, 16). Actually all 
dietary sterols are found in plasma (17), but since 
sitosterol is usually the most abundant in the diet, propor- 
tionately greater quantities are present in plasma and tis- 
sues (Fig. 2). For this reason, the condition has been 
named sitosterolemia (17). In addition, the respective 5~ 
dihydro derivative of cholesterdl (cholestanol) and the 5a- 
dihydro plant sterol derivatives, Sa-campestanol and 5~ 
sitos’tanol, are present in increased amounts in plasma 
and tissues (Fig. 3) (18, 19). As diets contain only small 
amounts of cholest8no1, Sa-campestanol, and 5~ 
sitostanol, the ScY-dihydro derivatives probably are 
produced endogenously in larger amounts (19). 

The diagnosis of sitosterolemia fs established by dem- 
onstrating increased amounts of plant sterols (cam- 
pesterol, sitosterol, stigmasterol, and avenosterol) and 5~ 
stanols in plasma and tissues (1, 15, 19). The usual colori- 
metric assay that depends on a double bond between car- 
bons 5 and 6, or enzymatic method that detects the 3/3- 
hydroxy group do not distinguish sitosterol from choles- 
terol. Therefore, to find plant sterols and ScY-stanols and 
establish the diagnosis, gas-liquid chromatography using 
a capillary column is necessary (Fig. 4), although high 
performance liquid chromatography can also be applied 
(12). In one family with four homozygous siblings, the un- 
saturated sterols represented about 16% of the total 
plasma sterols with cholestanol and 5a-dihydro plant 
stanols making up about 4% (2, 8). In other families, 
plant sterols and Sa-stanols may account for as little as 
11% to as much as 25% of the plasma sterols (2, 3, 19). 
Thus, cholesterol represents oniy about 80% of the total 
plasma sterols in sitosterolemic homozygotes. The con- 
centration and distribution of sterols and stanols from a 
number of sitosterolemic homozygotes from five families 
and their heterozygous relations are presented in Table 1. 

Abbreviations: VLDL. very low density lipoprotein; LDL, low den- 
sity lipoprotein; IDL. intermediate density lipoprotein; HDL. high den- 
sity lipoprotein; CTX, ccrcbrotendinous xanthomatosis; HMC-CaA, 
3-hydroxy-3-mcthylglut~l coensymc A. 

\ 
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1 . Section of coronary artery hm a 17-year-old sitostcrolcmic male who died of an acute myocardial 
! Sixty pcrccnt occulsion of the vcsscl lumen by athcrosclcrodc thickening of the vase1 wall. 

For controls, values from 20 healthy subjects are given; 
they show that cholesterol normally represents 99.6% of 
the total sterols with about 0.2% cholestanol and 0.2% 
plant sterols. In some heterozygotes, cholestanol and 
sitosterol levels are similar -to controls (20-22). However, 
in several obligate heterozygotes, cholestanol and sito- 
sterol levels were slightly but significantly higher than the 
control means, but still substantially less than those found 
in their homozygous offsprings (9, 12). Plasma choleste;ol 
concentrations may also vary considera$!y in home- 

‘._ 

zygotes. As illustrated in Table 1, cholestrt (81 levels may be 
low but are usually increased over age-rtlhltched controls. 
However, some subjects (LBU) show ex~tvlllely high cho- 
lesterol concentrations that resemble tltr lrvels found in 
LDL receptor-deficient hypercholesterc&t,iic Subjects. 

Plasma lipoproteins have been meanlrrcd in homozy- 
gous sitosterolemic subjects and the inr~f~~;,scd amounts of 
unsaturated plant sterols and saturatrdl sa-stands are 
distributed in about the same proporticjn among the vari- 
ous lipoprotein fractions (HDL, LDL, 11)~ and VLDL) ‘T 

946 Journal of Lipid Research Volume 33, .I992 
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Fig. 2. Structure of planr stcrols found in plasma of sirosrerolemic sub- 
jects. Thcsc stcrols have the same ring nucleus a~ cholesrerol, but direr 
by the addition or substituents on the side chain at carbon ‘24, the 
prcsencc of a double bond at carbon 22 in stigmastcrol, and a double 
bond berwecn carbons 24 and 28 in avenosterol. 

(1, 6, 23). However, low density lipoprotein (LDL) con- 
centrations tend to be elevated, reflecting higher total 
sterol concentrations as compared to age- and sex- 
matched controls. Despite the incorporation of increased 
amounts of plant sterols and 5cu-saturated stanols, 
preparative density gradients for each lipoprotein class 
were similar to that of controls (23). The major propor- 
tion of the total low density lipoproteins was isolated,in 
the subfraction of d 1.034 g/ml. The mean particle di- 
ameter, 25.7 + 2.8 nm, for sitosterolemic LDL was not 
unusual as determined by electron microscopy, and the 
sitosterolemic LDL was not distinguishable morphologi- 

A 

R-H Cholestonot 

R-CH, 24-methyl Cholestanol 

R-C,H, 24-ethyl Cholesionol 

Fig. 3. Structures of 5a-saturarcd stanols found in plasma of sitostcro- 
lcmic subjects. Cholcswml is rhe 5a-dihydro derivative of cholawol; 
5a-campcstanol and Su-sitostanol arc the 5a-dihydro derivatives of cam- 
pestcrol and sitosterol, respectively. 

tally from normal LDL. High density lipoprotein (HDL) 
concenfrations tended to be normal or low in the homozy- 
gous sitosterolemic subjects (23). Electron microscopy of 
HDL from a male sitosterolemic subject with severe 
symptomatic atherosclerosis showed that the particles 
were round with a mean diameter of 8.5 f 1.7 nm, consis- 
tent with the predominance of small, dense HDL (23). 

Plasma concentrations of apolipoprotein B are usually 
increased and apolipoprotein A-l decreased for sitostero- 
lemic homozygotes (23). However, normal plasma apoB 
and A-I levels were present in heterozygotes (20, 24). 
Thus, apolipoprotein values reflect the increased LDL 
and usually low HDL concentrations detected in these pa- 
tients ai determined by analytical and preparative ultra- 
centrifugation (23). 

Tissue sterol concentrations were measured in a 
17-year-old sitosterolemic homozygote male who died un- 
expectedly of an acute myocardial infarction, and showed 
about 16% plant sterols and 5cY-stanols in plasma (15). 
The total sterol concentrations in red blood cells, liver, 
lung, and heart were not different from control, but the 
cholesterol concentrations in these tissues were reduced 
and offset by the increased amounts of plant sterols and 
5a-saturated stanols. Of importance, the individual plant 
sterols and 5or-satuiated stanols were deposited in the tis- 
sues in about the same proportion that they were present 
in LDL. This suggested that the tissue sterols originated 

9 
0 5 IO I5 20 

Time, min 
Fig. 4. Capillary gas-liquid chromarogram of plasma stcrols and 5~ 
stanols from a homozygous sitostcrolemic subject. In normal plasma 
only cholesterol and trace amounts (c 1%) orcholcsmnol and sitostero~ 
arc dctcctcd. 5a-Cholcstanc is added as an internal standard. Separation 
was performed on Chrompack CPWaw57CB capillary column. 
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TABLE I. Plasma sterols and swx~ls 

Palicnlr 

Homorygotes ’ 
KCN’ (IO) 
KC’ (IO) 
TC’(l0) 
RC’ (IO) 

GB‘ (IO) 

JCBLR’ 
LBU 

Hercrozygotcs 
AC’ (5) 
vc’ (5) 

DB’ (3) 
RBR’ 

Controls, ” - 20 

7 q/d1 

29 184 * 25 15 * 2 7.5 f 1.1 2.1 * 1.0 2.9 * I.0 I.3 * 0.9 
23 202 * 25 14 * 4.1 8 + 3.1 4.7 * 1.0 2.2 * I I_ 1.4 0.2 * 
27 233 f 12 21 f 8.3 10 f 0.5 3.8 f 1.4 5.4f1.2 1.9 * 1.0 
‘8. 249 * 39 20 * 5.5 , 13 * 1.5 7.5 f 2.4 3.9 f I.0 1 2.6 0.9 * 

28 .lt 1 292 t 8 13 ?: 0.9 8 t 0.2 1.8 2 0.1 1.9 * 1.0 0.8 0.4 * 

42 14 ‘. ’ ’ 256 134 27 30 14.5 13 4.0 1.6 3.0 2.7 2.6 2.5 
24 I-. 482 56 24.0 11.0 6.0 4.0 

:i ‘, 

50 ‘. : 210 k 26 0.95 * 0.17 ND’ 0.65 ?r 0.21 ND ND 
56 194 * 14 0.36 * 0.09 ND 0.34 f 0.19 ND ND 
25 204 f. 27 0.66 * 0.05 ND 0.34 * 0.13 ND ND 
48 254 0.8 ND 1.2 ND ND 

17-62 180 i: 5 0.22 f 0.20 ND 0.20 2 0.20 ND ND 

l C family, includes heterozygous parents. 
‘Nunihcr of samples analyzed in parentheses. 
‘B family, includes hctcrorygous sister. 
‘R family, includes hcterozygous mother. 
‘ND, not detected. 

8. 
from plasma. In contrast, brain sterols in the sitosterolemic 
subject were composed almost entirely of cholesterol (15). 
Thus, despite the presence of large amounts of plant 
sterols and Jar-stanols, the blood-brain barrier in sito- 
sterolemia remains intact and is not permeable to circu- 
lating LDL. This is in contradistinction to cerebroten- 
dinous xanthomatosis (CTX), a lipid storage disease, 
where increased amounts of cholestanol deposit in the 
brain and suggests that the blood brain-barrier is 
damaged and more permeable to circulating LDL (2, 15). 
Interestingly, atheromas in the aorta of this sitosterolemic 
subject contained increased amounts of esterified sterols, 
about 50% of the cholesterol and sitosterol were esterified 
as compared with only 10% esterified sterols in visceral . 
organs (15). 

Sterol composition in bile is different from controls in 
sitosterolemia. Not only is less cholesterol secreted into 

0 

the bile, but sitosterol appears in the same or lower pro- 
portion relative to cholesterol in bile as compared in 
plasma (1, 2, 5, 6, 25). Normally the liver preferentially 
secretes sitosterol into bile so there is a 3-fold enrichment 
of sitosterol relative to cholesterol as compared to blood 
in control subjects (26). Bihar-y bile acids include cholic 
acid, deoxycholic acid, and lesser amounts of chenodeoxy- 
cholic acid and are secreted into bile in amounts adequate 
to prevent steatorrhea (1, 2, 4, 5, 27). No unusual biliary 
bile acids were detected, although it has not been estab- 
lished whether sitosterol and other plant sterols can be 
converted to primary bile acids in homozygotes. Recently, 
Bhattacharyya et al. (25) reported radioactive bile acids 
derived from [ “Clsitosterol in the feces of three sitostero- 
lemic subjects, but the precise indentifica\tion of these 

compounds was not-carried out (28, 29). However, it was 
noted that the large quantities of sitosterol and cho- 
lestanol in sitosterolemic liver competitively inhibited 
cholesterol 7a-hydroxylase, the rate-determining enzyme 
for bile acid synthesis, which may eventually lead to de- 
creased bile acid production and deficient pool size (27). 
Thus, sitosterolemic liver has lost both the capacity to 
recognize sitosterol and the ability to preferentially se- 
crete the 24-ethyl sterol into the bile. In addition, choles- 
terol secretion into bile is markedly diminished. Also, 
since biliary cholesterol secretion (Kthogenicity) relative 
to bile acids and phospholipids is decreased (4), gallstones 
have not been detected in sitosterolemic subjects. (G. Salen, 
unpublished observation). 

Monocyte (mononuclear leukocytes) sterol composition 
has been measured in four sitosterolemic homozygotes 
(30). The sterols and stanols are similar in composition 
(sitosterol, campesterol, cholestanol, 5a-campestanol, 
and 5a-sitostanol) as found in LDL indicating that the 
plant sterols and stanols originate from plasma. However, 

. total sterol concentrations in monocytes from the sito- 
sterolemic homozygotes were 2 to 3-times larger than in 
control monocytes. Thus, monocytes, which are precur- 
sors to foam cells, contain increased quantities of choles- 
terol, plant sterols, and 5cx-stanols that may contribute to 
the accelerated atherosclerotic process in this disease. 

Sitosterol metabolism 

It has long been known that sitosterol is poorly ab- 
sorbed from the intestine (26, 31). The low plasma con- 
centrations found in animals and humans fed large 
amounts of dietary plant sterols attest to restricted intesti- 
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nal absorption (26). However, early sitosterol balance 
studies, where fecal outputs were measured and sub- 
tracted from dietary inputs, gave confusing high values 

i (between 30 to 50% of intake) for absorption (26). To 
overcome potential errors in the balance technique, 
sitosterol absdrption has been measured by two indepen- 
dent isotopic methods. The isotope kinetic method esti- 
mates absorption by mathematical analysis of specific ac- 
tivity decay curves after intravenous pulse-labeling with a 
tracer dose of radioactive sitosterol(26, 32-34). In normal 
and hyperlipidemic subjects, the plaspa specific activity 
decay of sitosterol is much more rapid than the specific ac- 
tivity decay of cholesterol when both isotopic sterols were 

’ 
injected intravenously (Fig. 5) (5, 23-26). These decay 
curves can be divided into two exponent& and analyzed 
mathematically according to the two-pool model. Table 2 
lists values for controls and three homozygous sitostero- 
lemic subjects from two unrelated families. Since 
sitosterol is not synthesized endogenou.sly in normal hu- 
mans and sitosterolemic subjects (5, 26), the production 
rate is equivalent to absorption and in the control subjects 
amounted less than 10 mg per day or about 5% of daily 
intake. Mean total sitosterol body pool size was also calcu- 
lated and amounted to about 130 mg in controls. In con- 
trast, sitosterol turnover in the three homozygous 
sitosterolemic subjects was much slower as compared to 
controls. Sitosterol production rates were 5 to 10 times 
larger than the control mean, confirming the enhanced 
absorption found in homozygotes with this disease. Total 

\ body pools were also tremendously enlarged and ranged 
from 3500 to 9500 mg. Although absorption was in- 

Sitosterolemia 

0 50 100 150 200 

Days Post Lobe1 

- Cholesterol --- Sitosteroi 

Fig. 5. The nonnalizcd specific activity versus time curws for 
cholesterol and sitostcrol arc illustrated for a control and homozygous 
sitosterolemic subjects. In the control subject, sitosterol decays more 
rapidly than cholesterol as contrasted with slower decay of sitosterol than 
cholesterol in the homozygotc. 

. . 
‘L. 

TABLE 2. Silosterol IU~~OVC~ 

Sitostcrokmic Homozygacs’ 
COllWOlS 

(n-5) CL KCN KEC 

t&A (dw) 3.8 * 0.2 7.0 2.7 II 
t%B (days) 13.8 * 2.4 91 24 112 
KA (d=y-‘1 0.17 * 0.04 0.015 0.067 0.014 
MA (ms) 80 f 36 5100 2400 1700 
MB b’s) 46 * 22 4400 2400 1800 
MA + MB(W) 126 zt 32 9500 4800 3500 
PRA bW-J=y) 7.9 f 2.3 80 162 52 

Results from rcferenccs 5, 23, 26. 
‘Paricnts KCN and KEC are sisters and unrelated to CL. 

creased in these subjects, the extraordinary body pool size 
did not relate linearly to absorption (23, 24). The dis- 
crepancy could be explained by the fact that the elimina- 
tion contant from pool A (KA) was 2 to 10 times more 
rapid in control subjects than in sitosterolemic homo- 
zygotes. Thus, sitosterolemic homozygotes hype&sorb 
sitosterol from the intestine but also retain the plant sterol 
in body tissues (5, 23, 24). This finding of very slow 
sitosterol turnover associated with increased absorption 
and very delayed removal has recently been noted in three 
additional sitosterolemic subjects from two unrelated 
families (25) who received radioactive sitosterol intra- 
venously. Body pool sizes were extraor&narily expanded 
as noted previously. Sitosterol turnover has also been 
studied in two sitosterolemic heterozygotes (parents of 
homozygotes). The results show that sitosterol absorption 
was increased 2 to 3 times over controls but body pool 
sizes were not increased because sitosterol removal was 

rapid (24). Thus, heterozygotes still retain the ability to 
excrete sitosterol normally. 

Enhanced sitosterol absorption in homozygotes and 
heterozygotes has been confirmed independently by ab- 
sorption measurements obtained by adapting the plasma 
dual-isotope ratio method used to study cholesterol ab- 
sorption (Table 3) (23, 24). In this technique, 
[ ‘+C]sitosterol is fed and [sH]sitosterol is administered in- 
travenously at the same time. The sHPC ratio is then de- 
termined in plasma sitosterol and compared to the ideal 

TABLE 3. Sitostcrol and cholesterol absorption’ 

I 2 KCN KEC 

% % 

Sitostcrol absorption 4 5 63 28 
Cholesterol absorption 44 48 49 69 

‘Plasma dual-isoropc ratio method, data from reference 23. 
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rario which is calculated by dividing the total oral dose by 
total injected dose and is equivalent to 100% absorption 
(23). In two homozygotes, 28% and 63% of dietary sito- 
sterol were absorbed which is in good agreement with the 
absorption values calculated by the independent isotope 
kinetic method (Table 2). Two healthy control subjects 
who consumed the same diet absorbed 4% and 5% of 
dietary sitosterol, respectively, while two obligate hetero- 
zygotes absorbed 15% and 17% of dietary sitosterol, 
respectively. Thus, sitosteroi absorption is enhanced in 
homozygotes. 

Cholesterol absorption and turnover 

Cholesterol absorption as measured by the plasma 
dual-isotope ratio method tended to be at the high end of 
the normal range (49% and 69% of intake) in sitostero- 
lemic homozygotes as reported in Table 3 (23). Thus, in- 
creased sitosterol absorption does not interfere with cho- 
lesterol absorption in sitosterolemic homozygotes although 
it is believed that sitosterol and cholesterol share the same 
intestinal absorption pathway. Also, it is important to re- 
alize that cholesterol is absorbed about 10 times more 
efficiently than sitosterol in healthy control subjects, but 

0 
that percent sitosterol absorption approaches cholesterol 
absorption in some sitosterolemic homozygotes (Table 3) 
(23). There was no difference in cholesterol absorption be- 
tween controls and heterozygotes (24). Although it has 
been suggested that the limited absorption of sitosterol 
compared to cholesterol in normal subjects may relate to 
greater affinity of sitosterol for intestinal bile acid micelles 
(35), diminished intestinal sitosterol esterification (36), 
and reduced sitosteroi enterocyte transport (37), the up- 
regulation of these mechanisms seems unlikely to explain 
the increased absorption of sitosterol in sitosterolemic 
homozygotes. 

An important, new biochemical finding observed in the 
sitosterolemic subjects is reduced cholesterol turnover 
(Table 4) (4, 5, 23). Not only is the plasma specific ac- 

TABLE 4. Cholesterol turnover’ 

0 Sitostcrolcmic Homozygotcs 
COntrOlS 
(n - 4) KL KCN KEC 

6.7 * 0.6 8.6 2.4. 5.0 
53 f 6 01 24 74 

0.045 c 0.006 0.023 0.077 0.024 
M,. P 29 f 0 31 II 21 ‘.. .a 
MB- 13 481 16 34 13 41 
M, + MB, P 77 +_ 9 65 24 65 
PR,. mgiday 1450 + 560 670 860 710 

. Synthesis, mglkgiday 14.6 c_ 6.0’ ’ 9.5’ 5 9’ 

‘Data horn rcrcrences 4, 5, 23. 
‘Nor available. 
‘Synthesis estimated by subtracting absorbed cholesrcrol (Table 3) 

from turn~vcr (PRA). 
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tivity decay of cholesterol much slower in homozygores 
than control subjects, but turnover (PRA = synthesis 
plus absorbed cholesterol) is markedly reduced. Calcula- 
(ions of cholesterol turnover by the isotope kinetic method 

revealed values 50-70% smaller in homozygotes than 
similarly fed controls (5, 23-25). Moreover, since 
cholesterol absorption tended to be large in sitosterolemic 
subjects, the diminished daily production must result 
from decreased cholesterol synthesis. When turnover 

values were corrected by subtracting absorbed cholesterol, 
average cholesterol synthesis was about 50% lower in 
sitosterolemic homozygotes than in healthy controls 
(23-25). In support, Miettinen (4) found cholesterol syn- 
thesis as measured by the steroi balance technique 50% 

and 80% lower in a homozygous sitosterolemic subject 

than in similarly fed control subjects when studied on two 
occasions 4 years apart. In contrast, cholesterol turnover 

and synthesis in sitosterolemic heterozygotes resembled 
control subjects and was not decreased (24). 

Mechanism of reduced cholesterol synthesis 

A major discovery from balance and isotopic turnover 
studies was that cholesterol synthesis in sitosterolemic 
homozygotes was extremely low (Table 4) (4, 5, 23, 25). 
In order to better understand this observation, HMG-CoA 
reductase, the rate-controlling enzyme for cholesterol bio- 
synthesis, was measured in liver microsomes from two 
sitosterolemic homozygotes (38). For comparison, liver 
specimens were obtained from 11 liver transplant donors 
whose livers became available when appropriate recipi- 
ents could not be located. In the control livers (Table 5), 
mean HMG-CoA reductase activity was 5.3 and 8.2 times 
greater, respectively, than the values from the two sito- 
sterolemic liver specimens. About 72% of the HMG-CoA 
reductase was expressed (active) in the sitosterolemic 
livers compared to 49% in the controls. 

HMG-CoA reductase protein concentrations were de- 
termined in these same microsomal specimens by im- 
munobiotting and densitometric scanning (Table 5). In 
the control liver microsomes, the mean relative mass of 

“HMG-CoA reductase per mg of microsomal protein was 
6.8 and 8.9 times larger, respectively, than the values for 
the two sitosterolemic livers. Thus, markedly reduced 
HMG-CoA reductase activity and enzyme protein char- 
acterize sitosterolemic liver. However, when the catalytic 
efficiency of HMG-CoA reductase (activity per unit pro- 
tein) was calculated by dividing the enzyme specific ac- 
tivity by the enzyme mass, no difference was detected be- 
tween control and sitosterolemic livers. This suggests that 
although reduced quantities of HMG-CoA reductase are 
produced by the sitosterolemic livers, catalytic function of 
the enzyme is normal. To further explore the severe 
deficiency of HMG-CoA reductase, poly A’ RNA was iso- 
lated from liver specimens obtained from two control and 
one homozygous sitosterolemic subjects and hybridized 



TABLE 5. Hcpatic microsomal HMC-CoA rcductasc activity and mass’ 

Subjccrs Activity 

pmOUmg/m in 

HMG-CoA Rcduct.w 
t&u 

peak ordmg 

Catalytic Etliciency 

pmoUmidpc~ om 

Controls (n - 11) 
Sitosterolemic homozygotes 

KCN 
TC 

98.1 * 28.8 1.4 * 0.14 68.6 

11.9 0.16 74.3 
18.4 0.21 16.2 

‘From reference 38. 

with pRED 227 and pHRED 102, which are full-length 
sequence cDNA probes for hamster and human HMG- 
CoA reductase, respectively, and pCAT 10, a probe for 
human catalase mRNA. The Northern blots (Fig. 6, A 
and B) showed virtually no signals for sitosterolemic 
HIMG-CoA reductase mRNA, as contrasted with signals 
from the HMG-CoA reductase mRNA from the control 
specimens. Both control *and sitosterolemic specimens 
gave signals for catalase mRNA that indicated that the 
RNA isolated from control and sitosterolemic livers was 
intact. Thus, the deficiency of microsomal HMG-CoA 
reductase in sitosterolemic livers can be attributed to the 
very low levels of HMG-COA reductase mRNA that are 
available for enzyme translation (38). 

LDL receptor binding was also measured in twelve 
control and two sitdsterolemic liver membrane prepara- 
tions. Total binding (assayed in the absence of unlabeled 
LDL) was 54% and 80% higher, respectively, in the two 
sitosterolemic liver membrane preparations than the 
mean for the control measurements (Table 6). Similarly, 
high affinity, receptor-mediated LDL binding recorded as 
the difference between total binding and nonspecific bind- 
ing (assayed in the presence of abundant unlabeled LDL) 
was 2.2 and 3.3 times greater, respectively, in the sito- 
sterolemic than in the control livers. Therefore, sitostero- 
lemic livers express increased numbers of LDL receptors, 
so that a much higher proportion of LDL was receptor- 
bound and more circulating LDL was taken up than by 
control liver membranes (38). 

In a separate experiment, Biel et al. (39) measured in 
vivo LDL turnover and found greater production associ- 
ated with rapid catabolism consistent with the expression 
of more LDL r,eceptors in a sitosterolemia subject as com- 
pared with three matched controls. 

In two sitosterolemic liver specimens, lipofuscin-like 
pigment was distributed in the liver cytosol (38). The 
nature of this pigment has not been determined at this 
time (Fig. 7). 

Treatment 

*. -/ 

Bile acid malabsorption produced by either binding 
resins (cholestyramine or colestipol) or ileal bypass sur- 
gery is an effective treatment of sitosterolemia (2, 4, 7, 11, 
19). Plasma cholesterol concentrations deciine dramati- 

‘.. 
\ 
l__ 
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tally (decrease 25% to 50%) and the percent reduction in 
plasma sterol concentrations obtained with these drugs or 
surgery is greater than similarly treated hyperchqlester- 
olemic subjects. In most sitosterolemic patients, plant 
sterols usually decrease proportionally to cholesterol, and 

TC Cl C2 

pRED 227 
HMG-CoA --t 
Reductase 

7 

(i 

pHRED 102 Cl c2 -fC 
HMG-CoA ’ 
Reductase --/ . 

pCAT 10 
Catalase 

b 

B) * 

Fig. 6. Northern blot analysis of sitostcrolcmic hepatic mRNA. North- 
ern blots of liver poly A’ RNA from a sitostcrolcmic hoinozygotc (x) 
and two control subjects that were probed with pRED 227 (A) and 
pHRED 102 for HMC-CoA reductase mRNA and pCAT 10 for cat&se 
mRNA (B). Virtually no signal from sitosterolcmic HMC-CoA reduc- 
tase mRNA was detected (38). 
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cholestanol and 5cY-saturated stanois were virtually elimi- 
nated from the blood (19). However, it is importanr to 
realize that not all patients respond similarly, and cho- 
lestyramine treatment produced less reduction of plasma 
plant sterols than cholesterol in a Japanese sitosterolemic 
family (12). Of note, clinical improvement including dis- 
appearance of xanthomas, elimination of aortic stenosis 
murmur, and decreased frequency in angina pectoris and 
arthritic attacks have been noted in several subjects 
treated with either cholestyramine or ileal bypass surgery 
(7, 11, 20). 

Lovastatin, a competitive inhibitor of cholesterol bio- 
synthesis that is widely used in the treatment of h>.per- 

cholestcrolcmia has been ~rictl but has not been an ctveV- 
rive rrcatment in sitosterolcmia. Plasmit cholcstcrol, plant 
stcrois. or So-saturated stanols were not reduced in t,,.o 
homozygous sitosterolcmic subjects (20, 22). 

The effect ofthe various treatments can be esplained by 
examining cholesterol biosynthesis and LDL receptor 
function in freshly isolated peripheral mononuclear leu- 
kocytes (monocytes). These cells synthesize cholesterol 
and espress HMC-CoA reductase activity and LDL re- 
ceptors in parallel to the iivcr. In five homozygous 
sitosterolcmic subjects from three unrelated families, 
mononuclear leukocyte cholesterol synthesis as measured 
by the conversion of acetate to cholesterol was 30-70% be- 
low the mean value from 16 healthy control subjects (?O, 
22). Subnormal monocyte cholesterol synthesis in the 
sitosrerolemic subjects was supported by measurements of 
HMG-CoA reductase activity which were 50-70% lower 
in the homozygotes than the control mean. In contrast, 
LDL receptor function in monocytes from four of the five 
homozygous patients \vas increased 60% over the control 
mean. Thus, sitosterolemic mononuclear leukocytes 
manifest the same defect in cholesterol biosynthesis as the 
liver and compensate by the increased expression of LDL 
receptors. 

Fig. 7. Light microscopy of liver from sitoswolemic homozygote rhar shows liporuscin-like granules deposited randomly in cytosol of hcpatocyte. 
Hemotoxylin and cosin x 250 (58). 
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When the cnteroheparic circulation of bile acids is in- 
terrupted, reducing the heparic bile acid flux, HMG-CoA 
reductase activity increased 13% and LDL receptor func- 
tion rose 40% in freshly isolated monocytes from healthy 
control subjects (20). In contrast, monocytes from four 
homozygous sitosterolemic subjects (from three unrelated 
families) failed to up-regulate either cholesterol synthesis 
(conversion of acetate to cholesterol) or HMG-CoA re- 
ductase activity when treated similarly (20, 22). In fact, 
HMG-CoA reductase activity paradoxically declined. 
Monocyte LDL receptor function reyponded normally to 
bile acid malabsorption by increasing between 20% and 
30% in ihe sitosterolemic mononuclear cells (20, 22, 40, 41). 

Lovastatin treatment produced no change in plasma 
sterol concentrations in two unrelated sitosterolemic 
homozygous subjects and caused only a small rise in 
monocyte HMG-COA reductase activity compared with a 
28% reduction in plasma sterol concentrations and a 38% 
increase in monocyte HMG-CoA reductase activity in 
control and hypercholesterolemic heterozygous subjects 
(20, 22). Although lovastatin competitively inhibits meva- 
Ionic acid synthesis, HMG-CoA reductase activity nor- 
mally increases. Apparently, the block in cholesterol pro- 
duction produces gene expression for the synthesis of 
HMG-CoA reductase. LDL receptor function also did 
not change in the homozygous sitosterolemic monocytes 
as compared to a 41% increase in receptor-mediated LDL 
binding in control cells from subjects treated with lova- 
statin (20, 22). 

These results indicate a major abnormality in choles- 
terol homeostasis in sitosterolemic subjects. Depressed 
cholesterol biosynthesis is due to a pronounced deficiency 
of the rate-controlling enzyme, HMG-CoA reductase, 
caused by virtual absence of HMG-CoA reductase mRNA. 
Interruption of the enterohepatic circulation of bile acids 
reduces the hepatic bile acid flux and, normally stimulates 
bile acid synthesis (42) but fails to increase cholesterol 
production in sitosterolemic homozygotes. Cholesterol 
‘la-hydroxylase activity (rate-controlling for bile acid syn- 
thesis) rises in response to bile acid malabsorption (27) so 
that more bile acids are formed (4). Cholesterol bio- 
synthesis (HMG-CoA reductase activity) should increase 

,and more LDL receptors expressed to provide additional 
cholesterol as substrate for bile acid synthesis. In normal 
subjects, the decrease in plasma cholesterol reflects the 
balance between input of new cholesterol (synthesis) and 
the removal and catabolism of LDL. Because sitostero- 
lemic subjects cannot up-regulate HMG-CoA reductase, 
the demand for more substrate for bile acid synthesis can 
only be met by the catabolism of LDL. Thus, there is a 
greater than expected fall in plasma sterol concentrations 
(cholesterol and plant sterols) in sitosterolemic subjects. 

Lovastatin, which normally lowers plasma cholesterol 
by competitively inhibiting HMG-CoA rcductase activity 
and in turn stimulates expression of LDL receptors, was 

:. 
\ -.. 

ineffective treatment for sitostero]emia (20, 22). Aonar. , rI--. 
ently, sitostero]emic cholesterol synthesis is so low that 
further inhibition of HMC-CoA reductase does not in- 
crease LDL receptor function. With this in mind, hyper- 
cholesterolemic patients who do not respond to [herapet,- 
tic doses of lovastatin should have their plasma sterols 
tested by gas-liquid chromatography as the failure to 
respond to lovastatin may indicate sitosterolemia (20, 22). 

Inherited abnormality 

At the present time, the principal inherited defect has 
not been established with certainty. However, three ab- 
normal mechanisms, hyperabsorption of sitostero], de- 
creased sitosterol elimination, and reduced cholesterol 
synthesis, have been linked to the pathogenesis of sito- 
sterolemia and predisposition to atherosclerosis. The 
hyperabsorption of sitosterol and other dietary sterols 
from the intestine is well documented, but by itself will 
not cause the enormous sitosterol pools in this disease. 
Sitosterolemic heterozygotes also hyperabsorb sitosterol 
but do not accumulate the plant sterol (24). Not until the 
intestinal pathway for cholesterol absorption is elucidated 
will the mechanism for sitosterol hyperabsorption be 
understood. 

lb date, all sitosterolemic homozygotes show dimin- 
ished hepatic secretion of sitosterol and cholesterol. Bile 
contains reduced amounts of both sitosterol and choles- 
terol, and biliary sterol excretion is further decreased 
when dietary intake is restricted (25). Clearly, the com- 
bination of decreased removal with increased absorption 
accounts for the gigantic sitosterol and other plant sterol 
pools. 

A third key feature of the disease is abnormal regula- 
tion of cholesterol biosynthesis. We have demonstrated 
that reduced cholesterol synthesis results from a defi- 
ciency of HMG-CoA reductase in the liver and mono- 
nuclear cells of sitosterolemic subjects (38, 43), and that 
HMG-COA reductase mRNA is barely detected in the 
liver. LDL receptor function is enhanced in most sito- 
sterolemic homoyzgotes to provide cellular sterols. At- 
tempts to stimulate cholesterol @nthesis (HMG-CoA 
reductase) by inducing bile acid malabsorption (cho- 
lestyramine or ileal bypass surgery) or a low sterol diet did 
not increase HMG-CoA reductase activity in freshly iso- 
lated mononuclear cells (20, 22). Thus, the up-regulation 
of cholesterol synthesis is prevented in sitosteroiemia. 

Moreover, it is important to emphasize that HMG- 
CoA reductase activity and the expression of LDL receP- 
tors are normally regulated in the same direction. In 
other words, factors stimulating HMG-CoA reductase in- 
crease the number of LDL receptors (41, 43). In contrast, 
sitosterolemic mononuclear cells and liver show @-iin- 
ished HMG-CoA reductase activity and enzyme mass in 
combination with increased LDL receptor expression (20, 
22, 38, 43). These observations lead us to believe that the 

S&n cf nf. Sitostcrolemia 953 



0 

1. 

2. 

inherited defect in sitosterolcmia involves an abnormality 
of the HMG-CoA reductase gene. 

However, at this time it is still not possible to establish 
which mechanism is primary. It still is possible that en- 
hanced sitosterol absorption and accumulation are pri- 
mary events. Therefore, low cholesterol synthesis and en- 
hanced receptor function may conceivably relate to the 
accumulated sterols and stanols and/or an oxygenated 
derivative. However, Boberg, Akerlund, and Bjorkhem 
(44) have reported that sitosterol is not an effective feed- 
back inhibitor of HMG-CoA reductase,,and Shcfer et al. 
(45) noted that cholestanol feeding actually increases 
HMG-CoA reductase activity in rat liver. Thus, neither 
cholestanol nor sitosterol are down-regulators of choles- 
terol biosynthesis. 

Summary 

Sitosterolemia is a rare inherited lipid storage disease 
characterized chemically by the accumulation of plant 
sterols and 5cr-saturated stanols in plasma and tissues. 
Very low cholesterol synthesis due to a deficiency of 
HMG-CoA reductase associated with increased intestinal 
plant sterol absorption and slow hep’atic sterol removal 
are major biochemical features. Because cholesterol syn- 
thesis cannot up-regulate, bile acid malabsorption mobil- 
izes body sterols for bile acid synthesis and dramatically 
lowers plasma and monocyte sterol concentrations and 
may halt the progression of the atherosclerotic process. m 
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Increased plasma cholestanol and k-saturated 
plant sterol derivatives in subjects with 
sitosterolemia and xanthomatosis 

Gerald Salco,1 Peter 0. Kwiterovich, Jr., Sarah Shefer, G. S. Tint, Ivan Hoak, V. Shore, 
B. Dayal, and Eva Horak 
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Unit, Department of Pediatrics and Medicine, Johns Hopkins University Medical School, Baltimore, MD 
21205; and Livermore-Lawrence National Laboratory, Livermore, CA 94550 

Abstract WC have measured plasma sterol composition in 14 
subjects with sltostemlcmia and xanthomatosis. In addition to 
elevated plasma phytostemi (campesterol 16 f 7 mg/dl and sito- 
sterol 35 f 16 mg/dl) and n~md to moderately high cholcs- 
terol levels (258 f 96 mg/dl), concentrations of 5a-saturated 
stanols, cholatanol. Sa-campcstanol, and Sa-sitostanol were at 
least 10 times greater than controls. Diets contained plentiful 
quantities of cholesterol and plant sterols. but only trace 
amounts of cholestanol (<2 mg/day) and no detectable 5~ 
campestanol and Sa-sitostanol, which indicated that the Sa- 
saturated sta.nols were formed endogenously. Trtacment with 
&oIcstyramine reduced plasma cholesterol and phytosterol 
levels by 45% and Sa-saturated stanols by 55%. I These 
nsults indicate that abnormally high plasma concentrations of 
cholestanol, 5a-campcstanol, and 5a-sitostanol are found in 
subjects with sitostcrolemia and xanthomatosis, and that trcat- 
mcnt with chokstyramine effectively r&uced elevated plasma 
stem1 levels. -Men, G., P. 0. Kwitemvich, Jr., S. Sbefer, 
G. S. Tint, I. Honk, V. Shoq B. Dayal, and E. Horak. In- 
creased plasma cholestanol and 5a-saturated plant sterol deriva- 
tives in subjects with sitosterolemia and xanthomatosis. J Lipid 
&IS. 1985. 26: 203-209. 

Supplementary key words 5a-campestanol * Scr-sitostanol l chola- 
tyramine . -- - .‘ -. 
- _- - _-_ ‘. -: : ^-- _ 

Si;oste;ol<mia. rithkiinthomatosis“t a rate ix&rited 
lipid ,.stora$e disease ihif wqs .desCribed first .in ‘1974”by 
Bhattacharyya .and Cbnn~r’ (1). T-he niajdr - rlitiidsi- 
manifestations include tendon and tuberous xanthomas 
that involve the Achilles tendons, extensor tendons of the 
hand and the skin of the elbows and knees, recurrent 
arthritis and arthralgias of the knees and ankle joints, and 
premature atherosclerosis. Chemically, increased amounts 
of plant sterols, such as campesterol and sitosterol, (Fig. 
1) are present in the plasma, erythrocytes, and xan- 
thomas, while plasma cholesterol levels are normal to 
slightly elevated (2). Hyperapobetalipoproteinemia is 

often present (3). Although plant sterols are present in 
abundant amounts in most American diets, only small 
quantities of sitosterol (less thA 1 mg/dlj can be detected 
in normal plasma (4). Limited intestinal absorption 
combined with enhanced biliary excretion presumably 
keeps plasma plant sterot concentrations low in normal 
subjects (4). In contrast, intestinal absorption of sitosterol 
in patients with sitosterolemia and xanthomatosis was 
from 5 to 10 times greater than in controls and was associ- 
ated with reduced clearance of sitosterol and cholesterol 
from the plasma (1, 5, 6). Thus two factors, increased 
absorption coupled with reduced removal, apparently 
lead to the enhanced tissue deposits of plant sterols and 
cholesterol in this disease. However, not all of the bio- 
chemical defects are known. 

Recently, uncertainty has arisen concerning plasma 
sterol composition in patients with sitosterolemia with 
xanthomatosis. In the original description, Bhattacharyya 
and Connor (1) found only cholesterol and unsaturated 
sterols, campesterol, stigmasterol, and sitosterol in the 
plasma of two subjects.. Further, only A5-unsaturpted 
&erols’we& detected&-the $as&a-of the patient re$brted. - 
by S&u&+ -et.‘al. (7). &d thr: f&e. patiknts recently 

., 
: 

studied by Kwite.rovich et al..(3): Howqeri other in+- ’ 
.gatois-(Whitin’gton e; al.--@%),- Khachaduiian and-‘Salen - .. 
(9‘);znd Wang et -& (iU)) h a&~dis&er&&,& subjkcts - 
with typical clinical and chemical features of sitosterol- 
emia and xanthomatosis (tendon xanthomas, arthritis, 
premature atherosclerosis, increased plasma cholesterol 

.4bbrcviationr: GLC. gas-liquid chromatography; RRT, rckiw 
retention time; LDL, low density lipoproteins; HDL, high density lip0 
proteins. 

‘Reprint rcqucsts to: Gerald S&n. M.D.. Veterans Administration 
Medical Center. East Orsngc, XJ 07019. 
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Fig. 1 Structures of major unsaturated stcrols present in sirostcrol- 
cmic plasma. 

and plant sterol concentrations) have, in addition, markedly 
elevated plasma levels of cholestanol, 5o-campestanol, 
and 5cr-sitostanol (Fig. 2), the respective 5a-saturated 
derivatives of cholesterol, campesterol, and sitosterol. 

Therefore, to determine whether increased 5cu-satu- 
rated stanols are a constant biochemical abnormality in 
this disease, plasma sterols were measured by gas-liquid 
chromatography in fourteen affected subjects. It has been 
previously reported that no cholestanol or 5crsaturated 
plant sterol derivatives were detected in the plasma of 
eight of these subjects although previous analytic methods 
may not have been sufficiently sensitive (1, 5, 7). 

In addition, the effect of cholestyramine, a resin that 
binds bile acids and promotes their excretion in feces, was 
evaluated on plasma sterol concentrations in four sub- 
jects. Cholestyramine treatment enhances the conversion 
of cholesterol to bile acids in liver and often diminishes 
plasma cholesterol levels (11). Our results indicate that 
increased amounts of cholestanol, 5cr-campestanol, and 
5o-sitostanol were present in the plasma of all subjects 
with sitosterolemia and xanthomatosis. Cholestyramine 
treatment reduced elevated plasma sterol concentrations 
in this disease. 

tubes contammg soltd E!.YT.\ after an overnight fast of at 
least 12 hr. NO subject was taking me&at&, except 
during the cholestyramine treatment period. plasma 
sterol concentrations were determined in ten normo- 
lipidemic individuals of the same age range and served as 
control values. 

Chemical 

Plasma sterol concentrations were measured by gas- 
liquid chromatography (GLC) according to the method of 
Ishikawa et al. (12). Briefly, plasma (1 ml) was saponified 
in 1 N NaOH for I hr. The neutral sterols were extracted 
with hexane and the solvent was evaporated. Neutral 
sterols (approximately 100 pg) were redissolved in 200 pi 
of hexane containing 140 pg of 5a-cholestane as an in- 
ternal standard, and 3 pi was analyzed by GLC. The un- 
derivatized free sterols were separated on I80 cm x 4 mm 
glass columns packed with 1% SP-1000 on 80/100 mesh 
Gas Chrom Q (Supelco Inc., Bellefonte, PA) without 
prior purification by argentation thin-layer chromatogra- 
phy. A Hewlett Packard, Model 5830, gas chromatograph 
equipped with a flame ionization detector was operated at 
the following conditions: column temperature 23O”C, 
flame detector 260°C, flash heater 250°C, Ns flow 30 
ct/min. The retention times (RRT) relative to 5cr-cho- 
lestane for ten consecutive determinations were: choles- 
tanol 6.3 + D.l, cholesterol 7.1 f 0.1, 5a-campestanol 
8.3 f 0.1, campesterol 9.2 ?: 0.1, 5cr-sitostanol 10.2 f 0.1, 
and sitosterol 11.3 f 0.2. Continuous use of the SP-1000 
column at these conditions is associated with shortening 
of the sterol retention times and periodic monitoring with 
reference standards was necessary. The identity of the 
sterols was checked by co-chromatography with authentic 
reference sterols and was confirmed by mass spectroscopy 
according to Dayal et al. (13). The mass of each sterol was 
corrected for analytic losses by recovery of known quanti- 
ties of reference standards. A typical chromatogram that 
illustrates the separation of the sterols on SP-1000 is given 
in Fig. 3. 

-., : - 
: -.- .ME-J-HODS ‘:- I: - 

II 
-_ __ ’ - 

_ .._ _- :. 
--. - __ 

_. -. 

-* 

Subject.5 
._ -_ 

-- ... .--_, _ _ 
1.. -Studies -werhconducted ?ir fourteen subjects-(&He 1.) -T 

in whom a diagnosis of sitosterolemia and xanthomatosis 
was established by clinical and biochemical criteria. 
Complete clinical and biochemical descriptions have been 
presented elsewhere (2). There were five male and nine 
female subjects. Three subjects (R. C., C. L., and L. B.) Cholestonol 

have died of acute myocardial infarctions. At postmortem, 
R. C. had extensive coronary and rhoracic aorta athero- 
sclerosis. 0 Fig. 2 Srructures cd 5wsawrated stanols present in plasma of Sites’ 

All subjects ate regular food. Blood was’collected into tcrolcmic subjects. 
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TABLE I. Plasma rtcd concentration 

Patient 

Y ms/dl 

Ki. C. (n - IO)’ 24 F 245 * 39 6.7 1.1 * 12 * 1.1 2.3 * 0.4 20 * 2.3 4.2 * 1.1 
Kc. C. (n - 10) 18 F 202 * 25 4.7 1.0 * a * 3.1 1.4 .* 0.2 14 * 4.1 2.2.t 0.7 
T. C. (n - 10) 22 F 233 * 1’2 3.8 1.4 * 10 * 5.1 1.9 * 1.0 21 t a.3 5.4 r 2.5 

* R. C. (n 10) - 16 &I 249 * 39 7.5 2.4 r 13 * 1.5 2.6 t 0.9 20 * 5.5 3.9 * 1.1 
c. L. 52 M 134 1.6 13 1.5 27 3.0 
MI. M. 7 hi 202 I.2 12 1.6 26 3.1 
L. H. 0. 32 F 207 2.5 10 1.9 28 2.0 
R. H. 30 F 368 3.6 29 9.0 65 a.0 
P. M. 41 F 169 1.2 la . 7.0 42 4.0 
P. 2. 22 M 324 3.9 27 3.0 60 6.0 
M. 2. 20 M 271 3.8 19 2.0 42 4.0 
R. S. 32 F 256 3.1 15 1.0 29 3.0 
L. B. 24 F 482 11 24 4.0 56 6.0 

J. B. 38 F 336 4.9 ‘0 1.2 45 3.2 

Mean + SD 238 f 96 4.2 k 2.7 16 r 7 2.9 2.3 t 35 t I6 4.1 + 1.7 
% of Total stcrols 80.5 1.3 5.0 0.9 11 
% of Respective A’-dcrivativc 

I.3 
1.6 la 13 

Control (10) 187 * 29 0.4 * 0.2 0.3 * 0.3 

‘Ten consecutive monthly detetminations; average of two measurements given for remaining subjects. 
‘Small quantitiw of stigmacterol (24-ethyl-5,22-choIcstadien-3~-ol) accompanied campesterol and sitosterol but 

only amounted to l-3% of the sitosteroi mass. 

in separate experiments, the A5-sterols, cholesterol, 
campesterol, and sitosterol were separated from their 5~ 
d$ydro derivatives cholestanol, Scr-campestanol, and 5a- 
sitostanoi by argentation thin-layer chromatography, and 
were then quantitated as their trimethylsilyl ether deriva- 

levels were elevated in seven of fourteen subjects, which 
was a finding of importance. Approximately 80% of the 
unsaturated sterols w&e cholesterol and 16% were plant 
sterols. Of the remaining plasma sterols, cholestanol con- 
centrations were increased in all subjects and the mean 

tives by gas-liquid chromatography on 180 cm x 4 mm 
glass columns packed with 3% QF-1 (Applied Science 
Lab, State College, PA). The retention times relative to 
5a-cholestane of the trimethylsiiyl ether derivatives are: 
cholesterol 1.73, cholestanol 1.85, c’tipesterol 2.52, 5~ 
campestanol 2.66, sitosterol 3.03, and 5a-sitostanol 3.17. 
It is necessary to separate the unsaturated sterols from 
their 5a-saturated derivatives by argentation thin-layer 
chromatography because only small differences exist 
between the unsaturated and 5a-saturated sterol peak c: 
retention times on QF-1 (2). However, quantitative results ; 
by,the two indepe,ndent methods agreed within,& lo,%.,, - _ c 
.I -Lipopiotei.ns-iwe?e separated by the, &t&od of Have!; 
Eder, apd ,Br&do& (14). Afier ieparatio6otrhe low de%- 

-;. g 
._ 1 - ._ - .I’ 

Cerebrotcndinous 
Xanthomatosis (A.A.) 

.- -tion (11)I 

Iipopr.qtein fractions; th’e propoiti0c.s. -- - 2 
sterols were. measured iri each frac-. 1’ z - _ _ _‘- - z e: 

RESULTS 

Plasma concentiatioris. of campesterol and sitosterol 
(Table 1) were markedly elevated in all fourteen clinically 
affected subjects, consistent with. previous findings that 
this is the major biochemical determinant in establishing 
the diagnosis of this condition (l-10). Plasma cholesterol 

Time. min 

Fig. 3 Gas&quid chromatograms of underivatized sterols present 
in plasma of control. ccrcbrotendinous xanthomatosis, and, sitostcrol- 
emit patients that illustrate the scpkalion of the A’-unsaturated sterols 
from their 5wsaturatcd analogs on SP 1000 column. 
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vahac was lo-fold higher than rhe mean for plasma choles- 
tanol determined in ten normolipidcmic subjects. Simi- 
larly, high concentrations of 5o-campestanol and 5,. 
sitostanol were present in all subjects. These 5a-saturated 
stanols were not found in the plasma of the normo- 
lipidemic controls. Interestingly, cholestanol. although 
increased, amounted to only 1.6% of the plasma choles- 
terol level, while 5cu-campestanol and 5a-sitostanol repre- 
sented 18% and 13% of their respective unsaturated 
derivatives. 

In three affected and two control subjects, plasma lipo- 
proteins were fractionated by sequential ultracentrifuga- 
tion and the sterol composition was determined. The 
results are given for low density lipoproteins (LDL) in 
Table 2 and ior high density lipoproreins (HDL) in Table 
3, along with the proportions of esterified srerols. In the 
control LDL, only small amounts of cholestanol (0.4%) 
were found. Plant sterols or their saturated analogs were 
not detected. In contrast, substantial amounts of campes- 
terol, sitosterol, and the Sa-saturated stanols, cholestanol, 
So-campestanol, and 5a-sitostanol were present in sitos- 
terolemic LDL. Of interest, the proportion of esterified 
plant sterols and 5cr-saturated stanols was lower than for 
cholesterol in this fraction (Table 2). In sitosterolemic 
HDL, choleste:,ll concentrations were lower while choles- 
tanol levels wer.: similar to controls. Both campesterol and 
sitosterol were present, but only trace quantities of their 
5cr-saturated analogs were detected. The proportion of 
sterol esters was comparable to controls. Thus, increased 
amounts of plant sterols and 5a-saturated stanols are 
carried mainly unesterified in LDL and are a constant 
biochemical abnormality in patients with sitosterolemia. 
High density !ipoproteins transport proportionally less 
plant sterols and So-saturated stanols than LDL in these 
subjects. 

The average daily intake of dietary sterols and calories 
consumed by members of the C-family are listed in Table 
4. The cholesterol and plant sterol intakes were deter- 
mined by GLC on food that was set aside, mixed together 
with water, and homogenized; aliquots were analyzed for 
sterol composition. Cholesterol and the plant sterols were 
present in plentiful amounts since’no attempt.was’made 

= 
- -_- -_ 

- 
TABLE 2. Low density lipoproteins stcrol cbmposirion 

to restrict the diet during this period ofobservation. Ho,+ 
ever. cholestanol constituted only about 05% of the di- 
etary cholesterol consumed while 5o-saturated plant 
steroi analogs could not be detected. Thus, only trace 
quantities of cholestanol and no so-saturated plant st,=rol 

derivatives were found in the diet of this family. 
In separate experiments, the effect of cholestyramine 

was evaluated on plasma sterol concentrations in four 
sitosterolemic subjects and the results are given in Table 
5. Prior to treatment, plasma sterol concentrations were 
typical for these subjects with elevated levels of choles- 
terol, campesterol, sitosterol, and their respective 5~- 
saturated analogs cholestanol, 5ff-campestanol, and 5o- 
sitostanol. After treatment with up to I2 g/day of choles- 
r;lrzmine for at least I month. plasma srerol concentra. 
tions declined markedly in all subjects: cholesterol and 
phycosterol levels decreased 45% while 5o-saturated 
sterols decreased 55%. In two subjects (Ki. C. and 

Ke. C), plasma sterol concentrations rose substantially 1 
month after cholestyramine was discontinued. 

DISCLTSSION 

The results-of these studies confirm and extend our 
knowledge regarding the biochemical defects in the lipid 
disorder sitosterolemia with xanthomatosis. All symp- 
tomatic subjects had increased campesterol and sitosterol 
concentrations associated with normal to moderately 
elevated plasma cholesterol levels, which are expected in 
this disease (1). In addition, plasma concentrations of the 
5a-saturated stanols, cholestanol, 5cr-campestanol. and 
So-sitostanol, which are the respective 5a-dihydro ana- 
logs of cholesterol, campesterol, and sitosterol (Fig. I), 
were also in high concentration and were present in eight 
subjects where previously these stanols were not detected 
(1, 3, 7). However, the earlier measurements of plasma 
sterols in these subjects were made by GLC on-columns 
(1% SE 30) that would not separate 5a-saturated stanols 
from their respective unsaturated sterol derivatives, and 
jhus these’sterols would be inissed. 

Parienl Chulcrrcrol 

Ke. C. lZO(71) 
R. C. 220(70) 
M >I. 90(71) 

?*lcsn l43(71) 

Chalcrtanol 

7.1(54) 
7.0(13) 
3.5(51) 

5.9(39) 

C.U7lpCSLCd Campcs~uwl 

mgidl (‘?C cer) 

12.0(10) 2.0(10) 
12.0(40) 1.9( I I) 
l&0(26) I .6( 13) 

13.0(25) 1.8(11) 

Silortcrol Silostand 

16(14) 4.0(11) 
21(46) 3 39) 
32(20) 3.5( 17) 

23(U) 3.6(12) 

Conlrol (n = 2) i6( i0) 0 3(66) 
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Kc. C. 
R. C. 
M. .M. 

L ADLL ,. tltgh dens+’ IlpoproWIc srerol composmon 

Chekstcml Chdcnrnoi CUllpeStCd saCampc¶ranoI Sicorcerol S.Z2hSt~Ol 

mg/dl (Z tar) 

45(82) 0.9(62) 0.2 
26(76) 

3.3(88) 
0.7(63) 0.6 1.9 

37(79) 0.6(62) 0.3 6.3(83) 

Mean 36(79) 0.7(62) 0.4 3.5(85) 

Control (n - 2) 49(84) 0.5(60) 

The absolute identification of the .?a-saturated stanols 
was based upon co-chromatographic comparison with 
known reference.standards that were prepared chemically 
from their respective unsaturated derivatives by a hydro- 
boratiOn-protonOlysis sequence as described by Dayal et 
al. (13). The structures of the sterols also were confirmed 
by mass spectroscopy (13, 15). Thus, elevated plasma 
levels of cholestanol, 5or-campestanol, and 5a-sitostanol 
are additional biochemical abnormalities in this rare lipid 
storage disease and these Sa-stanols along with phytoster- 
01s are deposited in virtually every tissue in the same 
propocti0n as plasma. 

It was noted that, like cholesterol and unsaturated plant 
sterols, the 5ol-saturated stanols were transported mainly 
by low density lipoproteins. Further, plant sterols and 5~ 
saturated stanols in sitosterolemic low density lipopro- 
teins were less esterified than cholesterol, which suggests 
that hepatic acylcoenzyme A:cholesterol acyltransferase 
and plasma 1echithin:cholesterol acyltransferase may be 
sterol-specific. In contrast, sitosterolemic high density 
lipoproteins transported less cholesterol with only slightly 
increased amounts of cholestanol and plant sterols. How- 
ever, the relative proportion of cholesterol and cholestanol 
esters was similar to control. These results suggest that 
less sterol may be transported by high density lipo- 
proteins. 

In regard to the mechanism of sterol accumulation in 
this condition, it is well-established that enhanced intes- 
tinal absorption of the unsathrated pla?t sterc& (campes- -_ 
terol and sitosterdl) occtirs and, perhapg’ in cdmbination - 

determined that normal individuals synthesize about 12 
mg of cholestanol each day (16). Therefore, the majority 
of the cholesranol and virtually all of 5cr-campestanol and 
5cz-sitostanol that are found in these subjects probably 
were produced endogenously. 

It is now established that cholestanol is formed from 
cholesterol via the ketonic intermediate, 4-cholesten-3- 
one (17, 18), and that liver microsomes contain the 3& 
hydroxy A4.s steroid dehydrogenase that catalyzes this 
reaction. In contrast, skin fibroblasts from both normal 
subjects and those with cerebrotendinous xanthomatosis 
when gTown in sterol-deficient media do not produce cho- 
lestanol, although cholesterol biosynthesis is normal (19). 
Thus, the liver appears to be essential for the formation 
of cholestanol. It is very likely that 5cr-campestanol and 
5a-sitostanol are derived from campesterol and sitosterol 
via an analogous pathway. 

Treatment with cholestyramine reduced saturated and 
unsaturated plasma sterol concentrations in all treated 
subjects. Plasma concentrations of unsaturated sterols 
declined about 44%, while the corresponding 5cr-satu- 
rated stanols diminished about 57%. Thus, treatment 
produced a greater effect on saturated sterol levels. Cho- 
lestyramine acts by promoting the intestinal loss of bile 
acids, thereby increasing hepatic bile acid forination from 
cholesterol (11). As a result, more plasma cholesterol is 
utilized for bile acid synthesis and plasma levels decline. 

-.__ _ _.,, -. 
._ ’ 

._ _. _- TA’BLE 4. -Diei staol coinposirio~~ ” _ .- .’ ‘; . 
- -- . - .. 

withTedtced’rem,fvaf, leads to their retentionhi the body - ‘- - :sUbunce := : ._- 
(1, 5? 7j.. Since most.diets inctud>.a’$iTntifuk supply of. _ . _ : _ 

:.. Amounb’D~y 
.-: 

I1 _ vegetabies-th&t-codtajn 1the+z stdrols, 6; airail+il& for 
abs&pfion is widespread.- Indeed, analysis of thk-diet oi 
the C-family (Table 4) showed that almost 200 mg of 
phytosterols and 400 mg of cholesterol per 20001calories 
were consumed each day. Thus, these individuals (C- 
family) ate food rich in choIestero1 and plant sterols that 
were similar in quantity to that found in ‘most American 
diets. Importantly, only about 2 mg of cholestanol and 
trace quantities of the saturated plant sterol derivatives, 
5cr-campestanol ‘and Sa-sitostanol, were present in the 

-- Dig - : _ 
fC&; __ -. : _ 

.- 

Carbohydrate 
Protein 
Fat 

Scerois 
Cholesterol 
Campesterol 
Stigmasrerol 
Sitosrerol 
Cholcsranol 
5a-Campcsranol -. 

-__- 
..*~‘-=- _ 

225 g 
75 s 
90 s 

400 w3 
65 mg 

5 ms 
130 mg 

2 mg 
not dcrecred 

daily diet. Furthermore, in previous studies, we have 5a-Sltosranol not detected 
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TABLE 5. E&t of chdatynminc on pIasma stwd eunecnuatiocs 
: \. 

Treatment ; = .-?. 
z 

@wattion) Cbdened chdesrand CUllpCSWd 5a-cun~Md silalvd b-sit~ 

mg/dl 
Ki. C. NOtX 363 4.0 22 6 44 5 

Chdestyramine 192 1.6 13 4 28 I 
(1 month) 

None 270 2.2 19 5 36 4 
Kc. C. NOW 250 2.5 20 5 38 5 

Choieatyraminc 172 I.0 9 1.4 25 2 
(1 month) 

None 234 2.2 18 4.4 34 4 
L. H. 0. None 207 2.5 10 2 28 2 

Cholestyraminc 126 0.5 6.1 0.7 20 1.7 
(12 months) 

R. H. None 368 3.6 29 9 65 8 
Chdcscyramine 125 0.8 8 2 24 29 

(12 months) 

Further, because of the enhanced fecal losses, bile acid 
concentrations in the upper intestine may fall sufficiently 
to interfere with intestinal sterol absorption. Both mech- 
anisms may play a role in reducing the plasma concentra- 
tions of cholesterol, plant sterols, and 5or-stanols. In addi- 
tion, the activation of cholesterol 7o+hydroxylase, the rate- 
controlling enzyme in bile acid synthesis which occurs 
with cholestyramine treatment, may increase the forma- 
tion of 7a-hydroxylated sterols committed for bile acid 
synthesis, thereby reducing the intrahepatic pool of 
sterols available for conversion into 5a-stanols. 

celerated atherosclerosis which is the major clinical 
feature remains to be determined. m 
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Objective: Sitosteroiemia ir a genetic disorder characterized by an increased plasma plan1 slerot concen- 
traIion due to enhanced skrol absorption coupled with reduced steroid excretion. The p%-pose of the presenr 
investigation was two:fold, fua to assess Ihe e&gts of a “basal” low silosterol metabolic diet on &sma slef0f.S 

. 
I _ . . 

-0 : 

and Skd balance, and, secondly, to quantify thi’relative~gradutied increases in dietary sitoskrof 
intake on a metabolic diet in a sitoskrolcr& hq&ygote. obligate heterozygee, and COOU~S. 

- Metho& Patients were stied under strict merabolic conditions and fed a “basal” 233% fat. low-sitosluol 
(33 mg perZoo kcal) diet. Tbe level of dietary sitosterol was increased by addition of oils andresulted in’tinal 

dietary sit&erol intakes of f.8 rng/kg! 2.6mglkg and IS~mglkglday intakes of dicmry sitosterd in the 
homozygote, These sitostcrol dosages were selected based on sitosterol intakes equivalent IO 2.6 m&d&y in 
the average’ American diet.- cbolcsteroi~ sitosterol.. and apolipoprotein A were mti and ~001 

~olkctions assayed for sterol balance. - 

- 

. patient under these experimental conditions, but Zrmo: be generalized to-other homozygotes. 
. 

WTRODU.C;TION’ 
0 - Sitosterolemia is a recessively inherited disorder character- 
_ ized biochemically by increased plasma levels of plant sterol 

and S-a-stanol and clinically by xanthomaxous lesions, a&c . 
shosis and pmmar$re k~~~ary heart b&se (&ID) fl-71. . 
‘Ike hallmark of this extremely rare disease is elevated plasma 
levels of sitosterol, the major dietary plant sterol. Studies 
suggest that an important biochemical defect in sitosterolemia 
is indiscriminate, and thus increased intestinal absorption of 
stemi (plant, animal and shellfish) is coupled with reduced 

hepatic srerol excretion [l-3,6-10]. Hepatic plant sterol levels 
in sitosterolemic patienls are increased IO to IOO-fold greater 
&en controls, while I-BIG-CoA reductase MRNA was barely 
detected in the liver of a sirostemlemic homozygote [IO-l I.]. 
Low levels of HMG-Co.4 reductase protein has been propded 
‘as a primary inherited molecular defect in sitosterolemia [I I I. - 

Howe&r, other investigators [9,10] maintain that stem1 hyper- 
absorption coupled with depressed hepatic sitosierol excretion 
accounts for the sitosteml accumulation in these patients. AS 

the American diet contains 185 mg sitosterol per day. a rigor- 
ous low-sterol diet to curtail input, combined with bile acid 
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Therefore, we studied under inpatient metabolically-con- 
trolled conditions, first, the comparative influence of a 30% fat 
l&w sitosterol, natural food diet on: a)$asma sterolJeveis and 
distribution, and apolipoprotein B (apo B) levels in a sitoster- 
olemichomnrupote, ObliealeheteFszygote (patient’s father), 
and an unrelated hypercholesterolkmic coatiol; and, b) sterol 
balance and urinary mevaionate excretion in this same homozy- 
gous patient and ,heterozygous parent Sc&dly, we investi- _ . 
gated the&&e effects of triplin~tie on 
these plasma sterol DZtmelerS on a metabolic diet in our 

-and respective hypercholesterolemic control pa- 
tient. 

A 43-year-old nun, with mild Type 1Ia hypercholesterol- 
emia (“h!percholesterolemic control”). served as the control 
for assessing the impact of increasing dietary sitosterol intakes 
on plasma sterol parameters (Table 1). Ten hypercholerrer- 
olemic co-1 subjects, (ranging from age 14 to 58 years; 
weight 47 to.58 kg) served as unrelated hypercholesteroletnic 
controis for the fecal balance comparisons. They were main- 
tained at the Rockefeller University Metabolic Unit and fed a. 
sfrictly- 
controlled.40% fat, liquid-formula, low sterol diet as studied 
by the senior investigator [15]. All study patients were inpa- 
tients on the metabolic unit throughout the study. Twenty-three 
unrelated hyperfipidemic subjects, studied at the Oregon HeaWl 
Science Center, Department of Medicine, Portland, QR, SF, <cl 
as dietary controls for assessment of urinary mevalon+e 
excretion 

Study Design 

MATERIALS~AN&t METHODS - These studies were conducted under strict, inpatient, met;: 
bolic diet treatments at The Rockefeller University Hospital. 

Table 1 shows the clinical characteristics and ad libitum 
lipoprotein profies for the homozygote patient, obligate het- 

The identical “basal” 30% fat diet,was fed through all diet 
periods to the sitosterolemic patient. Body weight was main- 

erozygote and hypercholesterolemic control, measured on their tained within less then 2 1 kg during ail periods. The metabolic 
ad fibitum diets. . 

.a. 

diet’consisted of natural foods, was .preparM’ in &e Cliuical 

Table 1. Patient Characteristics and Ad libitum Lipid and Lipoprotein Distribution of Sitosterol Homozygote, Sitosteiolemic 

resins lo cnhancC slcrol c~17xion. are currcnl lreatmenl recom- 
mcndnlions (or this disord- !5!. 

Studi& of dietary mar,:,ccmcnt of sitosterolemia have in- 
volved predominantly sr=r<~i-free or sitosterol-free formula 
diets fed for short periods W’ time. Though effective in lowering 
stcrol lcvcls, in some sub~ccts, these dietary regimens are 
difticult IO follow due IO xverc restriction of common dietary 
fats [ 1 .S]. Belamarich et al [ I?] demonstrated rapid reductions 
in plasma sterol of up to 6cfi in one 1 I-year-old sitosterolemic 
boy following therapy uith low fat. low-cholesterol and 
sitosterol diet. However, sitosterolemjcs are as respon- 
sive to dietary-induced reductions in plasma sterol [10,13]. 
This heterogeneity in responsiveness could be due to the addi- 
tive effects of a reduction in dietary fat, cholesterol or plant 
sterol producing cumulative decreases in plasma sterol levels. 

c 

The influence of dietary sitosterol intakes alone on plasma 
sterol levels, independent of dietary cholesterol has not been 
previousljl studied in a sitosterolemic homozygote under met- 
abolic conditions. 

Sitosterolemic Pedigree 

The index case was a 9 year-old white female whose c&q 
history ha% been previously repotted [13,14]. Previously m- 
Ported blood group studies confirmed parentage of the patient 
[ 141. The homozygous patient’s father (“sitosterolemic hetero- 
zygote”). age 53 years, volunteered as the obligate hetcror). 
gote for the “basal” low sterol diet phase and participant in the 
sterol balance portion of the study. The father, presented with 
a history of Type IIb hypercholesterolemia, vascular disease 
and a lipoprotein profile as shown in Table I. 

Control Subjects 

Heterozygote, and Hypercholesterolemic Conuol*t 

Ad libi!ur,~ orofilc. m&W 

Patientt Wt. kg 
Plasma cholesterol Plasma’sitozrzol - 

___-_ -_ .._. ._-. 

(m&W (mg/dl)Z Total lipids ‘Stcrol distribution 

Total-sterol TG VLDL LDL HDL 

Sitosterolemic homozygote 
(index case) 10 35 303571 3758 348-cl4 69~9 27516 26424 56+7, 

Sitosterolemic heterozygotc 
(case’s Father) 53 110 280~ 14 0.750. I 286~20 2OSZ55 4129 208tl: TO:-: 

Hypcrcholesttxolemk control 
(unrelated control) . 43 64 2645s o.z-to.4 259’16 86~7 395~20 16059 61~4 

l Lipid profile rcprcsenls MEA??=SD of at lean three de~enninations deletincd cozymarically [XQS]. 
‘t Abbreviations: Wt=wcight. TG=triglyccridcr. VLDL=vezy low density lipoprotein. LDL=lou dcnrify lipoproreih. HDL=high density lipoprotein. 
t Plasma cholesterol and silostcml dcrermined by gas liquid chromatography [ZO.Zl]. 
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Dietary Sitosrf ~01 Iutnkes in Sitosterolemia 

Research Kitchen. weighed out lo 0.1 g, and ~otocol compli- 
ance rnonirorcd daily on the Unit. During the flrzl week of each 
die! period, 3 to 4 blood samples were draun and samples 
averaged for determination of plasma sterol Ick els, distribution’ 
and Apo B concentralions. Equilibrium was r=llched based on 
a consislcncy of plasma sterol levels. lnformtd cdnsent was 
obtained from all participants, after review by tie Rockefeller 
University ‘Institutional Review Board. . 

was supplemented with oils. Caloric intakes were 2oo0, 33~ 
and 2200 kcaltiday. respectively, for the homoiygote, hetero- 
zygote and hypercholesterolemic control throughout the study. 

~ilos~rol S~c~plenr~n~d Plmse. During Phase II (Table 2). 
we inv/tigated $e effects of ir 
plasma sterol levels by feeding the “basal” diet ivith‘graduated 
increases in dietary sitosterol. added isocalorically as dietary 

. 
oils. Soybean and sesame oils were selected as a respective 

Diets . . - i . 

h Lib&m Diets. By diet history, the bomozygote w& 
consuming ad libitum, a low-fat (30% Kcal) and low-sitosterol 
(~50 mg/day) diet [16]. The heterozygous flier and hyper- 
cholesterolemic patients ate a 38% fat diet conraining 400 to 
500 mg dietary cholesterol and 220 mg sitosterol per day. The 
experimental period consisted of two phases, I and II. 

Basal Metabdic. Diet Phqse.. During Phas.e I vable 2). an 
initial “basal” metabolic dief consisting of 30% ,f$ 5?-% 

0 
carbohydrate 
goie’s 

and 17% protein [ 161, &&red aftei the homozy- 
home diet was fed to our case patient, the heterozygute 

and hypercholest?rolemic control to equalize baseline dietary 
and treatment:conditions for 28 days. An aliquot of the meta: 
-bolic diet comy?ition was homogenized and analyzed for 
t’actual” nutrient. composition by..an indepeudent laboratory 
(Industrial .cherpica! pinatysis, Wqatocy, 50 Madiion Ave- 

low- and high-sitosterol oil, with simile P:S ratios. An isoca- 
lotic substitution of oil was made, maintaining the total fat imi 

dietary saturated fat content constant. The basal diet was sup- 
plemented first with soybean oil only, then a mixture of soy- 
bean and sesame oil (I:1 ratio), followed by sesame oil only, 
for 21, 14. and 21 days, respectively. The combined “basal” 
dietary sitosterol and added oils ‘resulted in final dietary sitos- 
terol intakes of 57.84 and 110 mg per.2000 kcal. respectively. 
-whi& con&onded iti 18 mgikg, 2.6 m&g and 3.5 q/kg/ ’ 
day in&es of dietary sitosterol in tbq homozygote. (These 
dosages were selected b&d on sitosterol intakes of 185 mg/ 
day in a typical American diet [5], which is equivalent to 2.6 

mglkglday . 
: Soybean and &same oil were analyzed for f&y acid corn- 

: position and plant stem1 content as described in-Laboratory 

nq NY. NY)..~‘*~uJI~I? di&onsistedbi Z?.!% fat $L9% 
carbohydrate. 18.4% protein, and contained 223 mg chol&tei- 
ol/2OCO kcal: it was deem&similar to the calculated diet This 
“basal” metabolic diet contained 26 mg simstdrol, 5 mg 
canipesterol, and 2 mg “minor plant sterol.” (i.e.. 24-methyl- 
cholestanol + _ stigmasterd + 24:ethylchole,molj per’1m 

,: 1 kcal and was fed for q adcjitional56 consectniv~ dais (Pli& 
II) during oil supplementation; During this p&se: the ba& cl& 

-,&ntilj?siX The soybean fatty acid compositioti (% total mea- 
-d fatly ticids) was 18% sanuated (5% stearaie), 19% mono- 

&saturated, and 63% polyunsaturated fatty acids. Further, the 
soybean oil contained, by analysis, 80 mg, 26 mg and 16 mg 
per 100 d of sitosterol. campesterol, and “minor plant sterol,” 
respectively. The sesame oil was comprised of 15% saturated 
(6% steamte), 40% monounsaturated, and 45% polyunsaturated 
?ctty adds. Ihe sesame oil contained 260 mg sitosterol.(o\~er 
3-fold bigber’compared with soybean), with 70 mg and 43 mg 

: 
. . 

. . Table 2. Basal and Sitosterol-Supplemented Satural, MetaboliC Diets* 

Basal diet - 

0.. 
_ .-. . mast 0 

Sitostcml-supplemsnt;d diet (Phase KJ 
- 

Diem-y Period 
“Basal” . ‘Law’ Intermediate High* 

28 days 21 days 

Total diem-y fat, W toiaI LAS 30% 30% 
T Fatty acid composition. 76 total [at 

Saturated fatty acids 40% 37 
Monounsaturated fatty acids 45% 42 
Polyunsaturated fatty acids 15% 21 
P:S ratio 0.5 0.6 

Carbohydrate, % total kcal 53% 53 
. . Roteis % total kcal 17% 17 

Total stemI, mgLW3 kcal 256 292 
Dictaty cholesterol, mg/ZOOO +I . 223 223 
Total plant.stero1.t mg/2WJO kc4 33 69 
Dictq sitosterol, mg/2000 kcal 25 5-l 

l Olive oil isocalorically replaced by s&can and YXUIX oil see materials and methods xctim. 

1-t days 21 days-.. . . 

30% 30% 

37 31 !, 
43 44 
20 19 

0.5 0.5 
53 53 . -- 
17 17 ‘-. 

325 3% 
223 223 
102 -. 133 

.84 110 
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Dietnry Sitosterol Infakes irr Sitosrerolemia 

._ 

per 100 ml of campesterol and “minor plant sterol,” respec- [22]. The soybean and sesame oils were analyzed by GLC for 
lively. fatty acid composition following a diethylether extraction 1221.: 

2 - * 
Fecal Sterol Balance, 

Plasma Sterol Lipoprovin Dismn’bution, Apo B Levels a& 
_ ‘. Apolipoprotein E Phcnofyping. The total stero1 concent&& . . 

L_. Four-day s~o&zollections were collected daily on the met- ~(cbolesteroi combined w,ith plana sterob) was assayed enzy-: 
. abolic unit if the end of the+week basal diet period. weighed, :-:matically utilizing reagents from Boehringer Maoriheim Bio- 

- .: homogenized .with an equal volume of- waler and frozen at . .chemicak. Indianapolis, IN. as described previously [23,24]. 
-70°C as described by Grundy and Ahrens [17]. Chromic . . The HDL-sterol concentmtion was quantified following a dex- 
oxide ~a u&-s- intmi,mark,=r off& st~oid~c~~~ ..:‘. msuifatemagnesium precipitition. The LDL- and very low- 

y-c. . airh corrections made for day-day-variations in fecal flow as . ..density lipoprotein- (VLlX-steroi) s&rd cdnceatrations .werc’ 
previously validated at the Rockefeller Universiq Metabolic deterinined by difference as previously repotid 123,241. Fro-, 
Unit [IQ. Neutral and acidic steroids were calculated and zen aliquots of plasma were assayed for apo B levels by 
corrected; cholesterol balance was calculated as the difference sandwich enzyme-linked immunosorbent assay [25]. Total- 
between daily intake of cholesterol and total daily excretion of cholesterol, HDL-cholesterol and apo B levels were standard- 
neutral and acidic steroids [9,17,18]. Balances are negative on id by the Lipid Standardization Program of the Centers for 

1 a low cholesterol diet due to continuing endogenous cholesterol Disease Control. Atlanta, GA. 
.- synthesis A comparison was made between stem1 balance data _ . . 

cdl&d on .&e R&keft+l@&$r&$ titabolic &it derived r L:: -Fecal &r&it ahi. Acidic S;eqk! An&k. ‘Ibe fecal ho- 

’ .‘_ 

0 ‘: 

- from.tbe hmio;igo< h;tr &emi~~ur father; tid hen byper- ‘. .mogenate. was thawed, .an aliquot lyophilized N analyzed for 
: cholesterolemic contrpl sub$& fed a @fat, me&+ low-* ’ fecal neural and zcidic- ster&ds by.tie &hods previously 

skyi diet’ll8]. ‘. ‘. .‘.’ ..- .(. : ~desdxd PTJS]. @te g of lyophilized fcceswas saponified in 
f. . . -2 ..- ,- . . . 

. .Z ?.I N .etbanolir NadH and fhe neutral StemI extracted with 
- ._ - .” ., . -. * - *I’ bexmk Thexata layer from the fuxs was acjdiied and biik 

. -i. ._ LJrinsq .MevaIonate ~&r&on : __ -- ‘. , L _ .A.. -7 acids extracted with- ethyl ether. The trimethylsilyl ether 
.- Urineuy mevalonate aci&.c&icentrritions- were aSsayed by. . +ded&ves &-the bile acid:metbyl esterS and neuti.st& 

.- ’ -. -.- . thexadioenzpmltic rnetho&f~+&.ti-~ [JQ-uith i-$&-~-‘~ .‘-. xu~e ‘injd .m:ff-Sil-S7~w- and’C&Wax$7 CB fused 
: >.;’ 

,, 
--assv ~fi&t of (596. uimary mev* &d .idan as. ’ : JiIica ‘s+iihy columns ‘+Xompa& Inc. Bridgewatei. 

- determined in three 24-hour urine specimens under metabolic” NJ) and retentiou times compared with standards. Neutral 
. . . conditions on the metabolic unit in the homozygote. her ha- and acidic sterois were measured and corrected fir. f&al 
. eruzygous father and compared to normocholestemlemic con- losses. and flow using markers;- cholesterol synthesis was, 

: .- : trek (n+23);Completeness o&in= collection was determined. - dcula@ 
. : .- ^. ._. by measunng 24-b~ UriRary creaiinifle clearance ami restrc- 

. . .; tion of subjects to fbe ur&+. . . ‘::.. - _. iH ,_. A .43atistical Analysis 
.- - . ..--.- 1-.-.- --.---____ __ ___,_, ,, - . - ,, ‘. _ ,.,. -’ ,_ ‘..:. De’scripiin &~titics and a one-way’ analysis O< .variance 

=_ .* .LaborzWryAnal&is l”, _ _. _.. _ ,-. .with repeat measures was calculated using Biomedical Com- 
,_ ,I -1 ” 3!0& !Gtin& ~thllec&~ *Rntibital”blc&Idd &&ple$ ----l:potei Prograins CBMDp). A T&y post-hoc procedure [261. 

. 

a, 

i&e-eollectdafter a 12&it1r fan and plasma s&?&d at 4°C -. ~-e~tiing tk5% sigtdfi-Ce kvd was used to tea for @bences 

. . by cent+ifugation at 2500 rpm for 20 minutes. ’ ‘. among the diet-drug paicds onpl&m s&l parameters. Com- 
_ . . . . ‘- qarisons are made with respectis’e hyper- and norm~boles@r- 

.: ,, . Diem* afiS%sma Plant Sterol LawLr.Thc diemy sterol - : olemiccontrol subjects for sterol balance and urinary meval- 
,distribution from aliquots of diet hamagate (L g) or the onate excretion. .- .. 

. .-plasma sberdk%tribntic&i ml) were determined b capillary 
.d gas li$d chromatography (GLC) ‘[20,21]. After saponifica- 

tion, neutral sterol were extracted, dried and trimetbylsilylated 
as previously described. Aliquots were redissolved along with 

RESULTS 
. 70 kg Sacholestaue and 50 pg of coprostanol as internal 

standards, and injected ilito a Hewlea-Packard, Model 9330 gas 
Ad Libitum Lipid Profiles - ---._. -_ 

-> . . L - “chromategraph equipped with2 capillary c&inn (CPWAX 57 -’ “-’ ’ Table> &ows:thc patient characteristics and ad IibiGG 
. . 

‘D3) (Chrompak, Bridgewater, NJ). ‘. ‘X -a’ ._ .a% .ipi-ofils %Jf tbc%toste&e4nic- homoqgotc, obligate hcterozy- 
. _. : - gate, and hypercholesterolemic con& -Compared with the 

/. : .I“ Diet Nurrient Composirion and Oq Faq Ad Composiziun * _ heterozygotc and hypcrchole+rolemic control the homozy- 
An aiiquot. of the diet- was homogenized and .analyzed by _ gote maintained mark+ly increased plasma &ZXE%levels 
scmdan+ methods for. fat, .-y&ate and prrrrtin content.:. . ‘1 and WL stem1 concentrations during thi ad bbltum period. ’ 
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“Rasai” Metabolic Diet Without 
Oil Supplcnwnt’ation 

Plasma Sterol Parameters. Table 3 presents the effects of 
the “basal” metabolic diet without oil supplementation on 
plasma slerol parameters in the homozygote, heteroz!gote and 
h~percholesterolemic control during Phase I. In the homozy- 
goum patient, as expected, $.sma steml-levels on the nd libitum 
diet (Table I) and the “basal” metabolic diet (Table 3) were 
similar, as the metabolic diet was tailored after the case pa- 

‘tirm’s home diet to maximize dietary compliance. dn the 
metabolically controlled diet, the plasma plant sterol concen- 
tration, mainly as sitoslerol and camnesterol but including 
mmor plant sterol, remained markedly with 
the father and controls (Table 3), with sitosterol accounting for 
I 1% of total plasma sterol. In addition, the metabolic products 

e 
of these sterols. i.e.. 
in the hmte relative to the heterozvgote and control- 

Plasma cholesterol levels were increased beyond,.tbe 99th 

0 
percentile rarik in the homozygouspatient compared with age- 

;. &x .matchedstandards [27] on the metabolic “‘basal_” diet dtu- 
ing Phase I: The pIas& s&stalQIant sterol plus cholesterol) 
were distributed predominantly in the LDL and HDL subfrac- 
tions. Plasma.apo B levels and enhanced ratios of LDL-steroY 
HDL and LDL-sterol/apo B in our case remained elevated 
compared witIt’& libit~~ concentrations (Table I) in.both the 
hcterozygote tid control sub&? fed the same die; . _, 

On the “basal” diet, the sitosterolemic heterozyg&e father, 
meanwhile, maintained negligible levels pf plasma sit%terol, 
(C 1% of total sterol). and,‘an elevated plasma cholesterol level 

. 

‘_ 

based on standards (271 and compared with the hypercholes- 
terakmic control subject fed the same diet (Table 3). The 

. - plawiis choksterr& co&tuting >99% of .totaI srtrol in the 

No unusual bile acids, bacterial metabolites or bile alcohols 
were detected in the pookd stool specimens from the homozy- 
gotis patient or her hetemzygous father. NtiIy equal propor- 
tions-of the primary bile acids and their secondary products 
were excreted by both subjects (data not presented). The bo- 
mozygous patient excr&ed-less fecal-bile acids and cholesterol, 
irr m@gMay, by 52%and 64%. respectively; compared with 
the heterozygous controL Thus, total steroid (neutral + acidic) 
excretion was depressed by 59% in the homozygote as’com- 
pared m her heterozygonsfather -fed the same basal mrta- 
bolic diet. Tbe netcholestemloutput (balance) was greater then 
dietary input due to endogenous production of cholesterol in 
both homozygote and heterozygote. The homozygote patient 
showed a net cholesterol balance of 107 mglday. compared 
with 1342 mpJday and.817 &lay in the heterozygoqs subject - - . . _ 
‘and hrpercholcsterolemic ccnnrols, rcspectivdy. However. t!re 

heterozygotc; was distributed mainIy within the LDL subfr&: L .. -. homozggons patient ticrete&nearl~ 75% less cholesterol, on a 

tioa Ape B concentrationsand the LIWHDL-C ratio remained mglkglday basis. compared with the hetkrozygous subject 
elevated on the “basal” diet compared with ad lib&wn. ihe ‘. (3.1 jls-‘12.2 mgntglday~ and hyPzrIipidernic controls (13.5 
hypercholaterolemic control, on tba “bs&l” diet,‘&o exhib- mglkglday). The difference is attributed toboth. diminished 
ited negligible sitosteml kvels but shewed norrnabzed levels fecal cholesterol output and bile acid excretion in the homozy- . 

Dierary Shsterol I~mkcs in Sirosrerolorria 

Sterol Balance, acidic sterol an2 newal sterol exrrtion. 
Table 4 shows the effect of the bati metabolic diet on acidic, 
neutral and total steroid output and sterol balance in the ho- 
mozygote and heterozygote father. Sitosterol balance (dietary 
sitosterol-fecal sitostcrol) served as an internal measure of 
sleroi recovery. Sitosterol recovery u as 90% and 98%. respcc. 
lively, andcbromium oxide recoveq 97% and 98%. respcc- 
lively, in the case and heterozygote subject. It is important to 
emphasizethat a metabolic steady state was achieved in the 
present study as evidenced by the fact that sitosteroi outp~:t 
approximated sitosterol input in both the homozygote and 
heterozygote subjects with a constant weight. The apparent 
retention in the homozygous patient is small on a very low 
sitosterol diet, but may contribute to the enlarged sitosterol 
pool PII. 

I 

0 of plasma cholesterol. L.DL-C. compared with ud Zibitum diet . gone compared to her.. father. and unrelated hyperbpidemic 
based on age-sex matched standards (271. controla. 

: 

Table 3. Effects bf Basal Metabolic Diet on Plasma Sterolr, Distribution and Ratios*? 
. _____ ~ ..- - 

/ Plasma stcrol distribution ‘mg/dl Lipid. lipoprotein distributicu and apo B levels, m$U 1 
Subject Choles- Sitoste- Campeste- Sitosta- Campesta- ClAWA- Total- TG VLDL- LDL- HDL- 

tero1 rol rol nOI 001 n0l sterol sterol stem1 sterd APB 

Sitosterolemic 
bomozygote 290230 3824 18214 5”l 321 421 353210 8321 3054 270til 5422 16829 

Sitoslerolemic 
hertmzygote 249213 O.SrtO.4 ’ - .- - ’ 0.2ZO.f -251-c% 15.5-t8, 4511 18026 25’2 15722 

Hypercholeste- 
rolcmic 

~conuol 20026 0.320.1 ’ - - - 0.3-cCi.2 209t15 9227 2726 122t14 60.22 115Z19 

+ rhhrcviations: as per Table I. 
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Diefaty Si!osterol htukcs irl Sirosreroienria 

.A.- 

.o 
. 

‘. 

- 
: _ 

Table 4. Effects of Low Sterol Metabolic Diet on Neutral and Acidic Fecal Sterol Excretion and Sterol Balance*? 

Subject 

Sitosterolemic 
homozygote m@day 

mgniglday 
Sitosteroiemic 

hclerozygote ‘%w 
WWd-v 

Hyperlipidemic 
controls]/ WW 

Fecal sterols Stem1 halance - 

Neutral 
Acidic+ Total steroids4 Cholesterol Siiosrerol 

Total5 Cholesterol Sitosterol 
- ---._ 

47 175 149 26 222 - 107 3 
1.3 5.0 4.3 0.7 6.3 -3.1 0.1 

298 1342 1300 42 luo -1342 Cl 
2.7 12.2 11.8 0.4 14.9 - 12.2 co.1 

(n=lO) (mean+SD) 
WWday 

1542179 781259 656% 17 125242 1055~205 -817233 71244 

(mean?SD) 4.322.3 13.121.4 ll.Of1.3 

l Abbreviadons as per Tabk 1 and ~OI mawable is dented by - sign. 
t Valuer r~prc~nl ~NXII of at lead 3 de~crminations dxaincd during basal diet (Table 2). 
$ Total +rd stcmls=fcd (~hokstml+sitostad) 

5 TOO acidic sterok=fecal (colic acid+chcnodcoxy&& scid+mctab&tes); 
9 Total St&id cxcretal=fecaf Q tad newal tt&l ~idi npok). 
U Hypertipidcmic patiem~ fed IJ low sumI, formula dia (17.18]. 

2.1 -CO.6 17.4~2.2 - 13.552 1.220.7 

Urinmy Mevalwaare Excretion. &inq~mevaIonate excre- ‘through the M dietary periods &l ‘not ci@k&&er 
tion, another.parameter of endogenous cholesterol synthesis, -&istinp r&,&&k plasm.asit~~&@ levels. Plasma cholesterol 

. supported the sterol balance dam.‘By this separate measure of : .levek, the subfraction lipoprotein distribution, ape B concen- 
total body cholesterol -synthesis, urinary mevaknate excretion trations, an&LDIJHDLC and LDLfapo B ratios were all 
was depressedby 43% inthe.bomoxygote compared to both the .: largely tunffed in the control. 

. heterozygotc (13.2 vs.23.0 umolsflrgldaq):or unrefated nor- 
: mocholesterolemic subjects (13.2 vs. 23.0 c 2). 

. 

“Basal Die& Supplemented With Dietary Siiosterol DISCUSSION 

The resirlts.of the present investigation demonstrated ex- 
tremely depressed endogermus cho&terol. synthesis’(3.1 mpl 
kg/day) and elevated plasma cholesterol pd sitosterol levels in 

-. ..I. . . .- .__,_ _ .._ --- ; j..troL In the h&ozvgote patrent,&ma suosterol~levek were -.. 
” not si’gnificantly affected through all die-9 sitosted intakes 

a’sitosterolentic honioxygote in respQpltp- to a me 
~~cmtroild Inw -dieti A graduated 3-fold in- 

No qualitative cbangcs.in the other plant ste& (i.e,. campes-. .’ &zcase in Iosterol intake’cor&po&d with modest reductions 
te& sQ+astnol-~sterol’metabolitw) er%Poprotem dktri- . ‘Gn plasma cb&stuoL sitosterol, and ‘ape B of 58, 12%. and 
bution were found (dam not presented). lbe effect of the low 25%. respe&vely. In contrast on the s&e low-sitos&ol.diet, 

. and inierniediate levels of dietarySitostero1 on plasma choles- ’ cholestei$ synthesis remained normal (12.2 mg/kg/day) in an 

. . . terol levels, stem1 lipoprotein distribution and ratios was sim- = ..’ 
ilar in the homozygote. lnterme&e intakes of di,etary sites- 

obligate sitosterolemic beterozygote and 
’ ~demic conn-ok(l3.5 mg&g/day). Tripling& sitosteroi intak 

tcrOr--red&d apal B.- kvek by 24% ~&mpared “with low $d not signifdy change plasma cbolestero!. sitostcrol or 
: s-c I-sit~~l int&s withom significantly akming plasma choles- apo B concentrations in a bypercholesterolemic contra1 subject. 

terol. LDL-sterol concentrations or ratio in tbe bomozygote. 
However, the highest dietary intakes of sitosterol resulted in 

The difference between dietary cholesterol intake and the 
sum of fecal cholesterol output plus fecal acid sterol (bile acids) 

modest reductions in plasma cholesterol by 10% (p < 0.05) approximates daily endogenous cholesterol synthesis [21.28]. 
. . reducing both the LDL- and HDL-stem1 content by 9% and In the steady state, the loss of fecal endogenous neutral sterol 

13% respec&e?y. in the sitosterolemic homozygoto. With thn . 
decrease in ILNhad.~ W-B. l&ek remained reduced by’ 

and bile acids must equal amounts produced to maintain ‘the 
. same body pool. ‘The constancy of plasma sterol and lipoprotein 

25%. (p < 0.05) compared with the lowest dietary sitosterol . 
intakes but unchzttged compared with the intermediate level. 

concentrations, daily weight. and fecal sitostcrol outputs, espy- 
:-. cially inthe heterozygote. attest to the metabolic equilibrium on 

. . In-t~leiterolemic control patient fed tbe same :. ,.-the low-stem1 diet in these patients.: It was, therefore. note-, 
diet. the effect ,of graduated increases in dietary sitosterd .. . worthy that both fecal neutral stemi-and bile acid butputs were 
I 
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Table 5. Effects of Low, Intermediate ad High Sitostcrol Metabolic Diets on plasma Sterol Paramelers*t$ 

’ Diet 
trerslments Pkma lipid distribution, mg/dl Plasma Sirosrcrol cholesterol 

-- 

Apnlipoprotcin B 

Subject 
Dietary Total- TC VLDL- LDL- HDL- APO B LDL-stem1 . . sitosterol Slcml sterol Slerol stcrol Wdl) VW (mddb (mddl) APB 

Sirostcrolcmic Low sitosterol 34823 97221 16tl 27OZ3 6121 4222 (11%) 282’13 166’12 1.7*0.2-- 
homozygole diet - 

Intemiediate 35627 nt5 185 26Ot8 60*2 4222 111%) 297~2 1265’ 2.1~6.1 
sitosterol diet 

,, _- _ _’ Hi sitostcrol .318+11-’ 7421 2022.. 2455’” 5325” n-c1 (11%) 26SZtl* 12426’ 2.0~02 
diet. 

Hypercholes- Low sitosterol 20228 104212 22’3 11925 6224 0.2+0.1 (C.296) 2192 13 98220 1.220.3 
terolemic diet 
CDIWOI 

Intermediate 19728 89210 2222 11726 5823 0.2 (C.196) 21224 121~3 1.0~0.1 
sitosterol diet 
High sitosterol 201~7 8925 2324 115?6 6324 0.2 (<.l%) 20927 107~6 1.1*0.2 
diet . - 

_ -*V4bcsrcpmcMmear;tSL)ofakdslthlu~ obtajnal during fuu we& of&d p&cd: LQ Tabk 2 for dally CompolitioD of silo+rd-supplemenled 
diet Abhtwiations u per Table 1. 

‘. 

cxtremdy low in the sitosteroieinic hcmmzygote, indicating 
sevuely reduced daily cholesterol synthesis .eveu on a low 

. L- sitosteirol did Sin&r.measumncats shQwiu~.cho~- 
.-w ted synthcsis-inthmc sitosterolemic homozygotes fed a sterol- 
. . free diet’that averaged 2.8 mg/kg/day vs. 10.7 2.22 mg/kg/day 

in six controls have be& reported by others [lo]. Reduced 
endogenous cholesterol synthesis in our bomozygote was sup- 

. . . . . ‘yirted by a drama& 439b reduction in measured urinary me- - 
:- -‘. ” valanate outpat-~hr+;.hucrozy~ f&er and 

<. . . normolipidcmic control, As in othcr&osterdemic.patients 
.“. [10;11,13,29];this homozygotc patient.appears unable toup; 

. regulate HMG-CoA reductase activity (and chole:Frol biosyn- 
“.. th&r)inresponsctoalowsteroldict.~ .:.... ,_. ‘, 

‘. r. - . j Bile acid.formation was also subnormal-in our.bomczygow . 
ST 

e, 
* patient arid in four other sitosterolernic subjects !5,9,lO] com- 

L pared with age-matched children fed a low cholesterol diet, 
._ _ 130). Shefer et al [3 l] have demonstrated that hr sitosterolemic 

homozygotes, plant stem1 and 5-a-staaols competitively block 
*< . li ctit;roi. 7-n-tryQoxyl~*~ning-cnzyme fix 

. bile acid synthesis in jives micros~m a. Inducement of intesti- 
nal bile acid malabsorption through treatment with binding 
resins (cholestyramine or colestipol) or &al bypass surgery 
stimulate bile acid synthesis and increase cholesterol 7-a- 
hydroxylase activity [31]. and has been demonstrated to reduce 

-plasmasterol luvcls in this patient. 
.’ I xrl contmst;:.chole’homeoslasis u~as.prcmed in our 

sitosterolemic hetero~ygotc [13]. plasma sitoster$ and cho1e.s:: 
tan01 concentrat& were less than 1% of total sterol cornpar& 

. . . to more than 11% in the homozygote. also. cholesterol synthe.- 
, sis, as. measared by the balance method or urinary mevalonate 

excretion, was normal as reported in another heterozygote [8]. 
Further cholestyramine~ trtWment, which stimulated bile acid 

: --synthes&&creastd HMGCoA reductase activity in mononu- 
z clear lcukocytcs in this het&zygous subject [ 13). As a couse- 
. . quencc, plasma cholesterol declined only slightly. Thus, one 

distinguishing characteristic in the sitosterolemic homozygote 
is the very low rate of cholesterol synthesis and HMG-CoA 
reductase that cannot be up-regulated either by a low sterol diet 

. . oc~&mlation of bile acid syhthcsis. 
In our-honmzygote, the incrZ&sc in di+ry sitosterol.may 

have blocked cholesterol ab$o@ou, possibly leading to in- 
ducement of hepatic LDi receptors, more rapid clearance of 
LDL-sterol. sod-small decreases on plasma sterds. It is un- 
.likdy that the dietary changes induced this effect since dietary 
cholesterol, total and saturated fat content. and P:S ratios were 
nearly identicd throughout phase 11. The reduction in plasma 

homozygote. Further, virtually eliminating sitosterol from the 
diet may produce only a slight effect on the plasma pool 
because of a further decrease in sitosterol output in the ho- 
mozygotes as previously reported [IO]. - - __. 

In our patient, against a background of constant dietary 
. cholesterol inrake, the minimal sterol response to manipulation 

of only one dietary componeia, dietary sitosterol, suggests that 
dietary intake of cholesterol. rather than sitosterol, may be 
more important in re~latidn of plasma lipid levels in $tostc- 
rolemia A highcholesterol diet reportedly contributed to the 
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sevcrc hypcrlipidemia ir. an 1 1 year old sitosterolemic homozy- 
gate. ai19 the subsrq-a I exaggerated response to a low cho- 
lesterol diet { 121. 

These results ha\: important implications regarding the 
selection of therapy fo: this patient but cannot be generalized (0 
other homozygoles. Tp:al fecal steroid excretion and urinary. 
mevalonate outputs are small and may diminish even &her on 

) 
a low sterol diet with littk’or I& redkction in plasma sterol 
concentratians. Thus. &tiring the sitosterol intake of the diet is. 
minimally effective therapy in this patient. in contrast bile acid, 
malabsorption lowers plasma cholesterol and sitosterol levels 
markedly by increasing LDL receptor expression [32,33]. More 
importantly, clinical abnormalities have been shown to improve 
in a homozygous subject [33]. Thus, in those sitosterolemic 
patients unresponsive to a low sterol diet, stimulation of sterol 
excretion by a resin may lower plasma sterol levels and further 
diminish the risk of arberosclerosis. 
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Phytosterolaemia in a Norwegian family: 
diagnosis and characterization of the first 
Scandinavian case 

D. LUTJOHANN,* I. BJoRKHEM* g: L. OSEt 

*Department of Medical Laboratory Sciences and Technology, Division of Ciinical Chemistry, 
Karolinska Institute. Huddinge University Hospital, Huddinge. Sweden, and *Lipid Clinic, 
Department of Medicine A, National Hospital. Oslo. Norway 

Liitjohann D, Bjiirkhem I, Ose L. Phytosterolaemia in a Norwegian family: diag- 
nosis and characterization of the first Scandinavian case. Stand J Clin Lab Invest 
1996: 56:229-240. 

Phytosterolaemia (sitosterolaemia) is a very rare inherited sterol storage disease 
characterized by tendon and tuberous xanthomas and by a predisposition to 
atherosclerosis. We here describe the first Scandinavian case. The 14-year-old 
female patient was found to have markedly elevated circulating levels of plant 
sterols (sitosterol, sitostanol, campesterol, stigmasterol), and the levels of these 
sterols were 20-50 times higher than in her healthy sister and heterozygous par- 
ents. In addition to the usual serum plant sterols we found a new major sterol in 
the patient tentatively identified as episterol or fecosterol (24-methyliden- 
cholest-7(or S)-en-3kol). A newly developed method based on the use of deu- 
terium labelled cholesterol and plant sterols was used to measure sterol absorption 
in the patient and her relatives. Absorption of sitosterol averaged 20% in the 
patient and ranged from 4 to 8% in the relatives. Absorption of campesterol 
averaged 31% in the patient and ranged from 15 to 18% in her relatives. 
Absorption of cholesterol averaged 63% in the patient and ranged from 35 to 
45% in the relatives. Cholesterol synthesis appeared to be reduced in the patient 
and was 46-52% of that of her relatives. 

Kej* words: cholesterol synthesis; plant sterois; stable isotopes 

D. Liitjohann, Division of Clinical Chemistry, Karolinska Insritute, Huddinge 
University Hospital, 14186 Huddinge. Sweden 

Phytosterolaemia (sitosterolaemia) is a rare 
sterol storage disease characterized by tendon 
and tuberous xanthomas and by a strong predis- 
position to premature coronary arteriosclerosis 
(for a review, see ref. [I]). Markedly increased 
levels of plant sterols, such as sitosterol and 
campesterol and their 5x-saturated analogues, 
are found in the circulation and different tissues. 
The basic biochemical defect has not yet been 
defined in this autosgmal recessive disease. It 

is however well established that there is an 
increased absorption of plant sterols from the 
intestine and a decreased excretion of these 
compounds in the bile and faeces [ 11. The link 
between premature atherosclerosis and high cir- 
culating levels of plant sterols is also not known. 
It has however been speculated that the high 
content of plant sterols in the circulating lipo- 
proteins might .promote their deposit in the 
arterial wall 12; 31. 



Fewer than 40 cases of this disease ha\.e 
hitherro been described [I], We here report on 
the first Scandinavian patient with phytos- 
trroiaemia. U’ith the use of a rlewl~~ dr\,eloped 
method based on deuterated cholesterol and 
plant sterols [3]. \ve have measured absorption 
of both pia sterols and cl~olesterol in the 
patient. her heterozygous parents. and her sister. 
Results 01‘ treatmem of the patient with choles- 
tyramine are also reported. 

M.ATERIALS AND METHODS 

A I&year-old girl (BSL, weight 56 kg) u,ith 
phytosterolaemia. her obligate heterozygous par- 
ents (father. KL. 43 !‘ears. 60 kg; mother. GL. 
42 bears. 65 kg). and her sister (EL. 8 years. 
29 kg) participated in the study. The study, was 
in accordance with the principles of the Helsinki 
Declaration for Human Studies. the protocol 
w’as approved by the local ethical committee. 
and informed consent was given h!; the parents. 

The patient was referred to the Lipid Clinic 
when she was 9 years old. The patient had 
developed eruptive xanthomatosis since the age 
of 5. Biopsy showed cholesterol deposits and no 
veruccae as suggested. Serum total cholesterol 
was then found to be 16.2 mmol I-’ and the 
patient was subsequently referred to the Lipid 
Clinic. 

When first seen in the clinic the patient demon- 
strated xanthomas on her back, arms and on 
her thumbs. Cardiac status, liver and spleen 
were normal. Repeated serum lipid profiles 
showed total cholesterol 15.8 mmol l- ’ . HDL- 
cholesterol 0.7 mmol l- ’ , triglycerides 2.0 mm01 

1-i. apolipoprotein B (apoB) 3.49 g I-’ (normal 
range: 0.40-1.30 g I), and apolipoprotein Al 
(apoA1) 0.89 g 1-l (0.95-2.05 g 1-l). 

She was initially started on lovastatin, 40 mg 
per day. and total cholesterol was reduced to 
10.8 mm01 1-i within 4 weeks. Lovastatin medi- 
cation was continued further for 4 weeks, but the 
cholesterol remained unchanged at 9.3 mm01 1-l. 
Combined therapy with cholestyramine ( 16 g per 
day) and lovastatin was initiated and 8 weeks 
later her total cholesterol had dropped to 
4.0 mmol 1-l and apoB dropped to 0.79 g I-‘. 

,411 medication \vas stormed and her total choles- 
1 .  

rerol increased to 9.5 mmol I-‘. Therapy, was 
thereafter continued with 8 or 4 g per day of 
cholrstyraminr and cholesterol remained below 
5 mmol I-’ on this therapy. Her xanthomas 
disappeared and she’ delseloped nomlally until 
rhe diagnosis \vas made at the age of 13 years. 

Before the last treatment was interrupted for 
7 weeks. serum samples for analysis of lipo- 
proteins. triglycerides. total steroids. HDL-. and 
LDL-steroids. and individual neutral steroids 
were taken. 

After 6 weeks without medication absorption 
rates of cholesterol, campesterol. and sitosterol 
together with faecal excretion of neutral and 
acidic steroids were measured by a modified, 
recently developed method that has been care- 
full> evaluated. Each subject received a mixt- 
ure of 3 mg [26.36.26,27.~7.27-‘H,1-cholesterol. 
3 mg [6.7.7-‘H,J-sitosterol and 2 mg [6.7.7-2HJ- 
campesterol t.i.d. for 7 days together with two 
difierent faecal markers. The first marker was 
[‘H,]-sitostanol (3 mg t.i.d.) for measurement of 
sterol absorption rates [4. 51. and the second 
was sitostanol(30 mg t.i.d.) for faecal cholesterol 
balance analysis [6]. Faecal samples were col- 
lected on day 0, for correction of sitostanol 
baseline. and on days 5 and 7. Serum samples 
were taken on day 0 and days 5 and 7 for 
enzymatic analysis of total serum steroids and 
total steroids in various lipoprotein fractions 
(HDL, LDL). triglyceride levels [7-lo], and 
analysis of individual neutral steroids [ 51. 

Lipoprotein(a) (Lp(a)) was measured using 
the Pharmacia RIA assay (Pharmacia Diag- 
nostics, Uppsala, Sweden). ApoAl and apoB 
were measured by rate nephelometq with com- 
mercially available antisera and standards 
(Behring BNA, Marburg, Germany). When the 
samples reached the laboratory. 50 ug butylated 
hydroxytoluene (BHT) were added per millilitre 
serum as antioxidant, and the samples were then 
kept frozen at -20 “C until analysis. 

During the study the subjects were on a low 
cholesterol and plant sterol diet. The parents 
kept a l-day food diary of the consumption of 
food for each member of the family. The food 
records were evaluated with the aid of FIBER, 
a computer program based on Norwegian food 
tables. 
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L’nlahclled conpourzds. 5a-Cholestane was pur- 
chased from Serva Feinbiochemica (Heidelberg. 
Germany). coprostanol and coprostanone from 
Steraloids (Whilton. New Hampshire, USA 1. 
hyodeoxycholic acid and cholesterol from Sigma 
Chemical (St Louis, Missouri. USA). and sitos- 
tanol from Delalande Arzneimittel (Cologne. 
Germany). The purity of the steroids was 
checked by thin layer chromatography (TLC ). 
and by, combined gas-liquid chromatography- 
mass spectrometry (GLC-MS) as their trimethyl- 
silyl-(TM% )-ethers. Purity was better than 98%. 
except for sitostanol. which contained 8% of 
campestanol and for sitosterol (Sigma Chemical ) 
which contained 40% of campesterol. The 
24-ethyl-;methylcoprostanol and 24-ethyl- 
methylcoprostanone were synthesised from 
34-ethyl-;methylcholesterol (sitosterol/campes- 
terol 1 within two steps. Oppenauer oxidation 
using aluminium-tert.-butoxide (Fluka Chemie. 
Buchs. Switzerland ) in dried toluenejacetone led 
to the corresponding 4-cholesten-3-one products 
[I I]. Hydrogenation of the ketone. with pal- 
ladium catalyst in the presence of hydrochloride 
[I?]. yielded 24-ethyl-/methylcoprostanone. 

hfter purification by TLC an aliquot was hvdro- 
,oenated with platinum catalyst in acetic acid to 
_ret the corresponding coprostanols. The purit 
of the substances was ascertained by combined 
GLC-MS. All other chemicals and solvents used 

Labeiied compounds. [ 26.26.26.27.2?.27-‘H,1- 
cholesterol and [5.6,2X3-‘H,]-sitostanol were 
obtained from Medical Isotopes (Concord, New 
Hampshire. USA). isotopic purity for [lHh]- 
cholesterol was higher than 88% and contained 
less than 0.1’1% unlabelled compound. Isotopic 
purity for [‘H,]-sitostanol was 30% and con- 
tained 5% of unlabelled compound. 

A modified procedure previously described for 
introduction of a deuterium atom at the 7 pos- 
ition in cholesterol was used [I 31 (Fig. 1). 
Treatment of acetylated sitosterol!campesterol 
(compound II. in Figure I. R,=C2HS/R2= 
CH,) in ether solution at 5’C with fuming nitric 
acid afforded pure 6-nitrositosteryl,campesteryI 
acetate (III)[ 141. Reaction of III with zinc and 
acetic acid gave 24-ethyI/methyIcholestane-3P- 

for sample preparation were of grades rec- 
ommended in the literature. 

I 

&$-$; “,, py A&+; “,,; MeoH HO-+; “- D D IX 

FIG. 1. The synthesis of [6,7,7-‘H,]-sitosterol/campesterol (R, =C,H,/R,=CH,). 



-,:7 
-. - D. Lii~jollam et al. 

ol-&one acetate (IV ). The product was purified 
h> aluminium oxide chromatography ( AI,O,. 
acrive. neutral. 70-230 mesh. Merck. Darmstadt. 
Germany). using first increasing concentrations 
of roluene in hexane and thereafter increasing 
concentrations of ethylacetate in hexane. The 
combined fractions containing intermediate IV 
were evaporated under vacuum to dryness, and 
dissolved in tetrahydrofurane. Sodium meth- 
oxylate. deuterated water and deuterated ethanol 
\vere added and the mixture was stirred at room 
temperature overnighr to yield [5.7.7-*H3]-24- 
eth!,l ,methylcholestane-3@-ol-6-one (V ). After 
acetylation to intermediate VI. sodium tetradeut- 
erioborane in methanol was used to reduce the 
compound to [ 5.6.7.7-‘H,]-24-ethyl/methylcho- 
lesrane-ba-hydroxy-3/%hydroxyl acetate (VII ). 
Dehydration with phosphooxo-trichloride in 
pyridine led to [6.7,7-‘H,]-sitosteryl/campesteryl 
acetate (VIII ). Then [6.7,7-‘H3]- sistosterol, 
campesterol was obtained after alkaline hydroly- 
sis (IX ). Each step of the synthesis was con- 
trolled bg TLC and GLC-MS of the single 
products using unlabelled reference substances. 
GLC-MS analysis of the products. corrected for 
natural abundance [15]> showed an isotopic 
distribution pattern with 0.7% on + 1 , 18.9% on 
M+2. 79.9% on M+3. and 0.6% on M+4. 

Steroid capsules. A mixture ( 1 : 1 : 1.5 : 10: 
w ‘w/w/w) of [‘H&cholesterol, [‘H,]-sitostanol. 
[‘H,]-sitosterol/campesterol (60/40; w/w), and 
sitostanol was dissolved in a commercial plant 
oil with a plant sterol content lower than all 
similar preparations. After complete dissolution 
0.4 ml (containing each 3 mg of [2H,]-choles- 
terol. [2H,]-sitostanol, [*H,]-sitosterol, 2 mg of 
[%I,]-campesterol, and 30 mg of sitostanol ) were 
filled into gelatine capsules. The capsules were 
kept at +4”C until use. 

Analysis of neutral and acidic steroids 

The sample preparation for analysis of neutral 
and acidic steroids was the same as described 
previously [5, 61. Gas liquid chromatography 
(GLC) of neutral serum and faecal steroids 
and faecal acidic steroids was performed on a 
Hewlett Packard (HP5890) gas chromatograph 
equipped with an automatic sample injector (HP 
3673 A). The injector was operated in the split- 
less mode at 280°C and the flame ionization 
detector (FID) was kept at 280°C. Peak area 

integration was done by an electronic integrator 
(model SP 4390. Spectra Physics. San Jose. 
California. USA). equipped with the WINner 
software from Spectra Physics. For optimal 
separation of the relevant compounds. the gas 
chromatograph was equipped with different 
fused silica capillary columns. different tempera- 
ture gradients were chosen. and the inlet press- 
ures for the carrier gas. hydrogen, varied. 

AI1 neutral steroids were separated as TMSi- 
ethers using 5z-cholestane as internal standard. 
Briefly. neutral steroids were separated on a 
FS-OV- IO 1 capillary column (50 m length x 
0.32 mm inner diameter. 0.25 pm phase thick- 
ness. Chromatographie Service. Langerwehe. 
Germany). whereas the phase thickness for 
separation of acidic steroids was 0.17 pm. The 
oven temperature programmes were as follows: 
neutral plasma and faecal steroids: initially 3 min 
at 150 “C, increased at the rate of 20 ‘C min-’ 
to a final temperature of 280 “C kept for 26 min. 
inlet pressure 15 psi: acidic faecal steroids: 3 min 
at 150 “C. increased at the rate of 30 “C min-’ 
to 240 “C kept for 40 min. then at 3 “C min-’ to 
a final temperature of 270°C kept for 6 min, 
inlet pressure 20 psi. 

The retention times (minutes) for the neutral 
serum steroids were: See-cholestane (ISTD), 
13.52; cholesterol, 17.20; cholestanol, 17.35; 
AS-lathosterol. 17.50: desmosterol, 17.95; A7- 
lathosterol, 18.20: 24-methyiiden-isocholesterol, 
18.96; campesterol. 19.13, campestanol, 19.33 
min; stigmasterol. 19.73; sitosterol, 21.04: sitos- 
tanol 21.29; 24-ethyliden-isocholesterol (avenas- 
terol), 21.42. 

The retention times for the neutral faecal 
steroids were: Sar-cholestane, 13.52; coprostanol, 
15.79; coprostanone, 16.67; cholesterol, 17.19; 
methylcoprostanol, 17.36; methylcoprostanone, 
18.47; ethylcoprostanoi 18.93; campesterol, 
19.13; ethylcoprostanone, 20.27; sitosterol, 
21.05; sitostanol 21.23. 

The main faecal acidic steroids were separated 
as follows (minutes): isolithocholic acid, 26.31; 
lithocholic acid 26.51; isodeoxycholic acid 27.55, 
deoxycholic acid, 28.17; chenodeoxycholic acid 
28.91 min; cholic acid, 29.16; hyodeoxycholic 
acid (ISTD), 29.45; ursodeoxycholic acid 30.27; 
7-ketolithocholic acid, 31.11. 

Gas-liquid chromatography-mass spectrometry 

Gas-liquid chromatography-mass spec- 
trometry (GLC-MS) was performed on a 
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He\i,letr Packard (HP) 5890 Series II Plus gas 
chromatopraph equipped with an HP-S MS 
capillap, column (30m length x 0.25 mm inner 
diameter. 0.25 urn phase thickness), connected 
to an HP 5972 mass selective detector and an 
HP 7673A automatic sample injector. The oven 
temperature was as follows: 180°C for 1 min. 
increased at a rate of 20 “C min - ’ to 250 “C, 
and then at a rate of 5°C min to a final 
temperature of 300°C where the temperature 
was kept for 8 min. Helium was used as carrier 
gas. The injector was operated in the splitless 
mode with an inlet pressure of 84 kpa and was 
kept at 270 ‘C, and the detector transfer line was 
kept at 280 “C. 

The mass spectrometer was operated in the 
selected ion monitoring mode. The selected ions 
were monitored for at least 25 scans as a mini- 
mum sampled over the peak of the eluting 
compound. 

I IV 

:40 

xl 

1‘4 15 lb 1'7 

FIG. 2. Ion chromatogams from an analysis of a typical faecal sample after the oral intake of 
[26,26,26,27,27,27-2H,1-cholesterol, [6,7,7-2Hs]-sitosteroI/campesterol, and [5,6,22,23-2H,]-sitost anol. The pairs of 
peaks correspond to authentic (solid line), and deuterated (broken line) compounds. The compounds e&d in 
the followiq order: I, coprostanol; II, coprostanone; III, cholesterol; IV, methylcoprostanol; V, methylcopro- 
stanone; VI, ethylcoprostanol; VII, campesterol; VIII, ethylcoprostanone; Ur, sitosterol; X1 sitostanol. The ions 
monitored ‘and the retentiqn times for the diierent compounds are given in the Materials and Methods section. 
The amplitudes of the original signals are magnified by the factors shown. 
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The ions used for analysis (m 2-l. mass per 
unit charge) and typical retention times 
(minutes) for the compounds were as follows 
(Fig. 2): [‘H,]-coprostanol, 376. 13.28; copros- 
tanol, 370, 13.36; [‘HJ-coprostanone, 392, 
13.90; coprostanone, 386, 13.94; [‘H,]-choles- 
terol, 464, 14.18; cholesterol. 458, 14.26; [‘HJ- 
methyicoprostanol, 387, 14.38; methylcopro- 
stanol, 384, 14.41; [‘Hz]-methylcoprostanone, 
403> 15.06; methylcoprostanone, 400, 15.10; 
[‘Ha]-ethylcoprostanol, 401, 15.39; ethylcopro- 
stanol, 398, 15.44; [2H,]-campesterol. 475, 15.46; 
campesterol, 472, 15.48; [‘H,]-ethylcopro- 
stanone, 417, 16.17; ethylcoprostanone, 414, 
16.19; [‘H3]-sitosterol, 489, 16.50; sitosterol, 486, 
16.53; [“H,J-sitostanol, 492, 16.70; sitostanol, 
488, 16.73. 

The electron ionization energy was 70 eV. 
Mass spectra of all steroids (TMSi-ethers of 
3P-hydroxyl steroids) were obtained by scanning 
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TA~L.~ 1. Calculation 01‘ srerol absorption. 

i 

faeca, A,-A-B,.;~C, 3‘1” 
i D ) 

Percentage S,_, absorption”= IO0 x I - ’ 
dietar! i.2) 

L i 

.“S: = chojesreroi. S, = campesterol (23-meth~lcholestcrcl( j, .S; = sitosterol (23-+khoiesteroI ) 
“A TO fi are the concentrations of: 
.A: =[“H,]-cholesterol. B, = [‘H,]-coprost3nol. C, = [‘HJ-coprostanone: 
A: = i’H,]-campesterol. B- = [‘Hz]-methylcoprostanol. C1 = [ZH,]-methylcoprostanone: 
Al = i’H,]-sirostero:. B, =i’H,]-ethylcoprostanol. C:. = [-H,]-ethylcoprostanone: D =[‘H,]-sitostanol. 

betgveen 100 and 500 m 2-l al a rate of’ 0.9 
scan 5-l. 

Calrulatio77 ofslcrol ahsorplioir 

.L\bsorption of cholesterol. campesterol. and 
sitosterol was measured b!. a recently developed 
method using [‘H,]-silostanol as a non- 
absorbable marker [j]. For this reason. deuter- 
ated cholesterol. silosterol. and campesterol were 
quantified by GLC-MS together with their corre- 
sponding coprostanols and coprostanones. The 
absorption of the different sterols was then calcu- 
lated by the equation shown in Table 1. 

mia had higher concentrations of total serum 
steroids. LDL-steroids. and triglycerides than 
her obligate heterozygous father and her healthy 
sister. Serum total steroids and triglycerides were 
in the same range for the phytosterolaernic child 
as for her heterozygous mother. The serum 
LDLiHDL-steroid ratio averaged 5.9 in the 
patient. and was 2.2 times and 3.6 times higher 
lhan in her parents and sister. respectivei!,. The 
apoB was almost in the same range as in her 
mother. but I .5 and 1.9 times higher than in the 
father and sister. respectively. Lp(aj was mark- 
edly (2.7 times) higher in the mother than in the 
rest of the family. 

Simple descriptive stadstics were used. The 
results were expressed as mean (SD), or mean 
(range). 

RESULTS 

Serum lipids and lipoproteins 

The levels of serumlipoproteins are given in 
Table II. The young patient with phytosterolae- 

Analysis qf thr strrol,fraction 

The results of GLC analysis of the main serum 
steroids are given in Table III. 

In addition to the common plant sterols such 
as campesterol. stigmasterol, and sitosterol, and 
their corresponding 5a-saturated compounds i.e. 
campestanol and sitostanol. we were able to 
find two more plant sterols. one of which was 
24-ethyliden-isocholesterol (avenasterol), first 
described by Miettinen 133. The other plant 
sterol, characterized by GLC-MS, had a molecu- 

TABLE Il. Serum lipoprotein concentrations. mean (SD)*. in one patient with phytosterolaemia (BSL), her hetero- 
zygous parents (GL and KL) and her sister (EL). 

Total steroidst LDL-steroids HDL-steroids Triglycerides ApoAl ApoB b(a) 
Sub.iect lnm011-’ mm01 1-l mm01 1-l mm01 1-l g1-’ g1-’ mg 1-l 

BSL 6.6 (0.2) . 4.7 (0.2) 0.8 (0.1) 1.6: 0.95 1.54 1115 
GL 6.3 (0.2) 3.9 (0.1 ) 1.7 (0.5) 1.5 (0.3) 1.4 1.3 318 
lu 5.6 (0.2) 4.1 (0.1) 1.3 (0.1) 0.5 (0.1) 1.1 1.0 134 
EL 4.7 (0.2) 2.6 (0.2) 1.6 (0.1) 1.0 (0.2) 1.4 0.8 115 

* Each value represents the mean of measurements on days 0, 5, and 7. 
+ The concentrations of ‘steroids’ reflect the sum of all 3@OH-steioids measured enzymatically. 
f Triglycerides in the patient were measured on days 5 and 7. 
$ApoAI. ApoB. and l+(a) were measured on day 7. 
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lar weight as TMSi-ether of 470 m z- * (Fig. 3). 
With the exception of the shift on the highest 
ions with 14 mass units. the mass spectrum was 
very similar to that of the TMSi-ether of avenas- 
terol. We believe that this compound has a 
mqthyliden group at CIJ instead of an ethyliden 
group as in avenasterol. Further attempts to 
identify the substance were not made and it 
was assumed to be 24-methyliden-isocholesterol 
(24-methyhden-cholest-7(or 8)-en-3/3-o& epis- 
rerol or fecosterol) [ 121. 

The steroid fraction contained 22.3% plant 
steroids in the phytosterolaemic patient. whereas 
in the parents and in the sister they were lower 
than 3%. Sitosterol had the highest concen- 
tration in the patient and was 1.5 times higher 
than campesteroi, whereas in the parents and 
the healthy sister the mean campesterol concen- 
tration was 1.2 times higher than sitosterol. The 
amounts of 5u-saturated plant sterols, e.g. cam- 
pestanol and sitostanol. were also markedly 
increased in the patient. 

Serum AS- and A7-lathosterol. often used as 
serum indicators for cholesterol synthesis, 
showed no difference in concentration compared 
with the results obtained in the parents and 
sister. However, desmosteroi, another choles- 
terol precursor was 1.6 times higher in the patient 
than in the rest of the family. Serum cholesterol 
concentration was about the same for the phy- 
tosterolaemic child and her parents, but slightly 
higher than her sister’s level. 

Faecal excretion of neutral and acidic steroids 

Faecal excretion of cholesterol and steroids 
metabolized from cholesterol by the bacterial 
flora of the gut, e.g. coprostanol and copros- 
tanone, was only 50% in the phytosterolaemic 
patient compared to the excretion in her parents 
or her sister (Table IV). 

Faecal excretion of major bile acids (lithoch- 
olic acid, deoxycholic acid, cholic acid, and 
chenodeoxycholic acid) was about 50% of that 
of her parents, but the same -as in her younger 

‘sister. When corrected for body weight the 
patient had an excretion of bile acids of 
10 ~01 kg-’ day-‘, the parents 20 pm01 kg-’ 
day-l and the sister also 20 ~01 kg-’ day-‘. 

Cholesterol synthesis appeared to be about 
half of that of her parents and her sister 
(Table IV). Cholesterol synthesis expressed 
per kg body weight in the patient (19 ~01 kg-’ 

,...._.. 
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TABLE I\-. Results of Decal excretion of steroids. mean (SD)*. derived from cholesterol and bile acids. and 
cholesrrroi synthesis in one patieni with phyrosterolaemia (BSL,. her heterozygous parents (GL and KL). and 
her sister i EL). Units are mmol da> -I, 

Subject 

BSL 
GL 

Cholesterol+ 

0.79 (0.06) 
!.4S (O.lS) 

Bile acids 

0.56 (0.08) 
0.95 (0.13) 

Cholesterol intake 

0.29 
0.36 

Cholesterol synthesis: 

1.06 (0.14) 
2.06 (0.X) 

$Onl! one sample could be collected on day 5. 

day-’ I aiso appeared to be about half of that 
of her parents’ synthesis (mean 35 pmol kg-’ 
da!:-‘). and about 25% of that of her 6 years 
younger sister (70 pmol kg-’ day-‘). 

Steroi absorption 

Rates of absorption of cholesterol, campes- 
terol. and sitosterol are given in Table V. 
Cholesterol absorption in the patient was mark- 
edly (6@,0) higher in the patient than in her 
parents or sister. Absorption of campesterol and 
sitosterol was higher in the patient than in her 
family, by 90 and 220% respectively. No marked 
differences could be seen in the comparison of 
cholesterol or plant sterol absorption between 

TABLE V. Comparison of cholesterol. campesterol, 
and sitosterol absorption. mean (range)*. in one 
patient with phytosterolaemia (BSL), her heterozygous 
parents (GL and KL). and her sister (EL). 

Absorption, % 

Cholesterol Campesterol Sitosterol 

BSL 63 (60-66) 31 (27-35) 20 (17-23) 
GL 35 (29-41) I8 (15-21) 8 (5-11) 

Et 
45 (43-47) 17 (13-21) 7 (5-9) t 
42i 15 4 

* Results represent the mean of two measurements 
during one week in duplicate work-up. 

t Only one sample could be measured on day 5. 

KL I.55 (0.18) 1 .os (0.12) 0.31 2.29 (0.30 j 
EL 1.718 0.57 0.26 2.02 

*Each value represents the mean of measurements on days 5 and 6 in duplicate work-up. 
* Faecai excretion of ‘Cholesterol’ is the sum of cholesterol. coprostanol. and coprostanone. 
+ ‘Choiesterol svnthesis’ is the sum of ‘Cholesterol‘ and ‘Bile acids’ minus ‘Choiesterol intake’. . 

the obligate heterozygous parents and theheal- 
thy sister. 

The therapeutic effect of the oral adminis- 
tration of 4 g cholestyramine in the phytos- 
terolaemic patient is shown in Table VI. After 
stopping the therapy for 6 weeks a marked 
increase of cholesterol (+ 85%) and its saturated 
metabolite Sa-cholestanol (+ 145%) was fol- 
lowed by a mean increase bf the main plant 
sterols of 50%. 

The effects on serum cholesterol precursors 
were different. As could have been expected 
from a previous report [3], the serum concen- 
tration of AGlathosterol decreased markedly 
(-42%). However, A7-lathosterol decreased by 
9%. and the concentration of desmosterol 
increased by 29%. 

DISCUSSION 

The present case showed all the typical character- 
istics of phytosterolaemia: xanthomas, markedly 
elevated circulating levels of phytosterols, 
increased absorption of phytosterols and 
reduced cholesterol synthesis (cf. ref. [ 1 I). 

In our patient, serum campesterol was 
3 13 pm01 I-’ and serum sitosterol was 483 pm01 
1-l. In a group of 14 patients the mean level of 

FIG. 3. A Gas-liquid chromatographic (GLC) pattern between 15.0 and 17.0min obtained in the analysis of 
trimethylsilyl- (TMSi-) derivatives of serum steroids of the patient with phytosterolemia; B mass spectrometric 
fragmentation of the GLC peak at 15.3 min; C the last GLC peak at 16.7 min. Figures on the top of each peak 
are molecular weights (MW) of the TMSi-dedvatives of the steroids (Fig. 3A). MW 470 stands for the unkn 
sterol spectrum which reveals major ions at m e- I 386, 296, 257, and 129 (main ion) (Fig. 3B). MW 472 stands 
for campesterol, 474 for campestanol, 484 for stigmasterol, 486 for sitosterol, 488 for sitostanol. and 484 stands 
for avenasterol (24-ethylided-isocholesterol); its mass spectrum is shown in Fig. 3C. 
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plasma campesterol has been reported to be 
400 nmoll-‘. with a range of200-725 urn01 1-l. 
whereas the mean level of sitosterol was 
850 pmol 1-i with a range of 350-1570 pmol I-’ 
[ 171. A notable finding in our patient was 
the presence of a new phytosterol in serum. 
tentatively identified as episterol or fecoster- 
01 (24-methyliden-cholest-7(or 8)-en-3@-01, 24- 
methyliden-isocholesterol). The existence of this 
steroid has not previously been proved in con- 
nection with phytosterolaemia. In accordance 
with previous reports [ 1. 161. serum cholestanol 
was elevated in the patient and was about four 
times higher than in her parents and her sister. 

Using a newly developed stable isotope 
method for measurement of intestinal absorption 
of cholesterol and plant sterols (51, we could 
confirm previous reports that patients with phy- 
tosterolaemia have increased absorption of both 
cholesterol and plant sterols 13, 17-191. A merit 
of the present method. compared to previous 
methods utilizing a single dose of a radioactive 
marker, is that we could measure sterol absorp- 
tion over several days. The girl with phytos- 
terolaemia absorbed 31% of ingested deuterated 
campesterol and 20% of deuterated sitosterol. 
This is in accordance with the results of a recent 
study on three patients with phytosterolaemia 
[S]. In that study the phytosterolaemic subjects 
had a campesterol absorption of about 24% and 
a sitosterol absorption of about 16%. In previous 
investigations, absorption of sitosterol has been 
reported to range from 19 [3] to about 68% 
[ 1 S] in phytosterolaemic subjects. Cholesterol 

absorption (about 63%) was significantly higher 
in the present phytosterolaemic patient than in 
her relatives. This is in accord with the results 
obtained in our previous study [5]. 

To our knowledge. absorption of phytosterols 
has not previously been studied in heterozygotes 
of phytosterolaemia. The degree of absorption 
of both plant sterols and cholesterol in the 
present heterozygotes was however not different 
from that of healthy controls (cf. ref. [I]). 
Whether or not the sister of the present patient 
is heterozygous or a non-carrier is not known 
and cannot be evaluated from the present results. 

It is evident that the approximately 30-fold 
higher circulating levels of sitosterol in the 
patient, compared to her parents and sister, 
cannot be explained by the threefold higher 
intestinal absorption. It has been shown by Salen 
er al. [ 181 and Bhattacharyya et al. [20] that 
patients with phytosterolaemia, in addition to 
increased absorption, also have a slow turnover 
of sitosterol and a reduced secretion of sterols 
from the liver. 

Patients with phytosterolaemia have been 
reported to have normal or slightly elevated 
levels of serum cholesterol [ 1, 211. The elevation 
of cholesterol might in part be due to the inhibi- 
tory effect of plant sterols on the cholesterol 
7cc-hydroxylase and a resulting decrease in the 
degradation of cholesterol into bile acids [22-4]. 
The present patient had a normal serum level of 
cholesterol at the time of the investigation. It is 
noteworthy, that the serum HDL/LDL-steroid 
ratio was increased in the patient, indicating an 
elevated atherogenic risk. 

, 

Mm of the patients \- 
seem to have a reduced 
and there may be a iin1 
synthesis and sitosrerol at 
el a/. even suggest that t 
defect in phytosterolaemia 
terol biosynthesis due to 
HMG-CoA reductase (25 
cannot be excluded, howe 
cholesterol synthesis is sect 
lation of plant sterols. U 
and in dtv techniques. ch 
been reported to be reo 
patients with phytosterola 
terol synthesis in the pre! 
patient was about half o 
and healthy sister. as cal 
intake and faecal excretion 
stanol. coprostanone. and 
by kg of body weight she : 
of bile acids in faeces th 
parents and her sister. Ho 
level of lathosterol. belie. 
marker for cholesterol 
normal in the patient after 
6 weeks. 

The high circulating lev 
patients with phytosterolal 
markedly by a diet restrict 
24, 281. Cholestyramine 
therapeutic drug -in additi 
29. 301. This bile acid bir 
bile acid secretion and inc 
biliary plant sterols [ 31. 
cholestyramine treatment 
patients (up to 12 g per da 
to reduce circulating levels 
sterols, and their Sa-sat1 
about 50% [20]. The xar 
and the arthritis may decre 
of such treatment. In fat 
patient resulted in regressi 
from the age of 9 to 14 ye; 

Interruption of treatmen 
for 6 weeks resulted in an i 
cholesterol by 85%, camp 
sitosteroi by 40% cornpan 
values. The corresponding 
tanol, campestanol. an 
increased to a similar extc 
interruption of the therapy 
a return to the former situ; 



). 

- 

- 

Cll- 

ner 
in 

1lts 

,ols 
ytes 
ion 
the 
.ent 
11). 
;ent 

E 
old 
the 
;ter, 
$ier 
alen 
that 
1 to 
>ver 
:rols 

3een 
ated 
.tion 
hibi- 
terol 
L the 
!4]. 
el of 
It is 
:roid 
tg ” 

Most of the patients with phytosterolaemia 
seem to have a reduced cholesterol synthesis. 
and there may’ be a link between cholesterol 
synthesis and sitosterol absorption [ 11. Nguyen 
ET al. even suggest that the primary metabolic 
defect in phytosterolaemia is inadequate choles- 
terol biosynthesis due to reduced synthesis of 
HMG-CoA reductase [25, 261. The possibility 
cannot be excluded. however, that the defect in 
cholesterol synthesis is secondary to the accumu- 
lation of plant sterols. Using different in viva 
and in vitro techniques. cholesterol synthesis has 
been reported to be reduced by 50-80% in 
patients with phytosterolaemia [ 11. The choies- 
terol synthesis in the present phytosterolaemic 
patient was about half of that of her parents 
and healthy sister, as calculated from dietary 
intake and faecal excretion of cholesterol, copro- 
stanol, coprostanone, and bile acids. Expressed 
by kg of body weight she had a lower excretion 
of bile acids in faeces than her heterozygbus 
parents and her sister. However, the circulating 
level of lathosterol, believed to be a suitable 
marker for cholesterol synthesis [27], was 
normal in the patient after stopping therapy for 
6 weeks. 

The high circulating levels of plant sterols in 
patients with phytosterolaemia may be reduced 
markedly by a diet restricted in plant sterols [ 1, 
24, 281. Cholestyramine has been used as a 
therapeutic drug in addition to the diet [3, 20 
29, 301. This bile acid binding resin promotes 
bile acid secretion and increases the output of 
biliary plant sterols [3]. In previous studies 
cholestyramine treatment of phytosterolaemic 
patients (up to 12 g per day) has been reported 
to reduce circulating levels of cholesterol, plant 
sterols, and their Su-saturated analogues by 
about 50% [20]. The xanthomas may regress 
and the arthritis may decrease as a consequence 
of such treatment. In fact, treatment of our 
patient resulted in regression of the xanthomas 
from the age of 9 to 14 years. 

Interruption of treatment with cholestyramine 
for 6 weeks resulted in an increase of circulating 
cholesterol by 85%, campesterol by 57%, and 
sitosterol by 40% compared to post-treatment 
values. The corresponding Su-analogues, choles- 
tanol, campestanol, and sitostanol were 
increased to a similar extent. This shows that 
interruption of the therapy immediately leads to 
a return to the former situation. 
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Tuberous Xanthomas in Sitosterolemia 
Murad Alam, M.D.,* Maria C. Garzon, M.D.,? Gerald Salen, M.D.,$ and 

Thomas J. Start, M.D., M.P.H.? 

Abstract: Sitosterolemia is an autosomal recessive lipid disorder in 
which plasma plant sterol levels are extremely elevated and cholesterol 
levels are often elevated but may be normal. Clinically sitosterolemia is 
characterized by xanthomas, premature vascular disease, and arthritis. 
Adolescent boys and girls with sitosterolemia are susceptible to fatal 
cardiac events. Dermatologists may have a vital role in the diagnosis of 
this rare but serious condition because early detection and treatment are 
important in preventing the associated atherosclerotic heart disease. We 
present a 7-year-old girl with sitosterolemia and tuberous xanthomas. 

Among the causes of tuberous and tendon xanthomas 
in children and adolescents is a rare and relatively re- 
cently described hyperlipidemia known as sitosterol- 
emia. We present a patient with sitosterolemia and tu- 
berous xanthomas. 

CASE REPORT 

A 7-year-old girl was referred to the pediatric cardiology 
division for evaluation of hypercholesterolemia. One 
year earlier she had been referred to a dermatologist who 
had noted nodules on her elbows that clinically appeared 
to be xanthomas (Fig. 1) and were confirmed as such by 
histology. Total cholesterol at that time was 391 mg/dl 
and triglycerides were 91 mg/dl. A repeat lipid profile 
while she was on a regular diet 3 months later showed 
that the total cholesterol was 441 mg/dl, with triglycer- 
ides of 49 mgldl, an HDL cholesterol of 57 mg/dl, and an 
LDL cholesterol of 374 mg/dl. The 95th percentiles for 
total and LDL cholesterol levels at this age are 200 mg/dl 
and 130 mgldl, respectively. The triglycerides and HDL 
cholesterol levels were normal. 

Within 1 month of beginning a moderately low cho- 
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North, Division of Pediatric Cardiology. 622 West 168th St., New 
York. NY 10032. 

lesterol and low fat diet (130% of calories from fat) her 
total cholesterol fell to 195 mg/dl. After 3 months of this 
low fat diet. the lipid values were total cholesterol 201 
mgdl. triglycerides 61 mg/dl, HDL cholesterol 36 mg/dl, 
and LDL cholesterol 153 mgldl. Capillary gas liquid 
chromatography demonstrated that plant sterol levels 
were elevated, with sitosterol 16.5 mg/dl, campesterol 
9.75 mg/dl, and cholestanol 2.0 mg/dl. The actual cho- 
lesterol level as determined by capillary gas liquid chro- 
matography was 171 mg/dl. Thus approximately 15% of 
the total cholesterol measured by routine laboratory tech- 
niques was derived from plant sterols. The patient’s par- 
ents. who were first cousins, had relatively normal cho- 
lesterol levels, and there was no maternal or paternal 
history of premature heart disease. Plant sterol levels 
were low in both parents. 

On examination the patient was in good health and her 
height and weight were appropriate. No cornea1 arcus 
was observed. There were no carotid bruits. The heart 
examination was normal. Three tuberous xanthomas 
were present on the right elbow and four on the left, and 
all were less than I cm in diameter. There were no ten- 
dinous xanthomas. A biopsy specimen from a xanthoma 



Figure 1. Tuberous xanthomas on the right elbow 1 year 
before treatment. 

from the left elbow taken 1 year prior to the initiation of 
dietary modification revealed discrete collections of 
foamy histiocytes throughout the dermis in association 
with slight fibroplasia (Fig. 2). She was treated with a 
low fat. low cholesterol diet and 2.0 g cholestyramine 
daily. After 6 months of treatment. total cholesterol fell 
further to 179 mgidl, with triglycerides 102 mg/dl, HDL 
cholesterol 43 mg/dl, and LDL cholesterol 116 mg/dl. 
The xanthomas appeared slightly smaller and paler. 

DISCUSSION 

Sitosterolemia is a lipid disorder first described by Bhat- 
tacharyya and Connor in 1974 (1). The name sitosterol 
refers to the major plant sterol species, but since many 
other plant sterols are also elevated in the plasma in this 
disease, “phytosterolemia” may be a better name (2). 
Sitosterolemia is inherited as an autosomal recessive trait 
(2), with the heterozygotes clinically and biochemically 
normal, although plasma sitosterol levels may be slightly 
elevated in some heterozygotes compared to controls (3). 
The genetic defect responsible has been localized to 
chromosome 2~21 (2). More than 40 affected individuals 
have been reported worldwide. 

Biochemically the key feature of sitosterolemia is an 
elevated concentration of sitosterol (24-ethyl cholesterol) 
in plasma (3). Levels of other plant sterols, including 
campesterol, stigmasterol, and avenosterol, and the 
5-alpha-dihydro derivative of cholesterol, cholestanol, 
may also be extremely high (3). Plasma cholesterol lev- 
els are often markedly elevated but may be within nor- 
mal limits (2,4). Sitosterol levels in normal individuals 
are less than 0.4 mg/dl (5) and are not identified in rou- 
tine cholesterol measurement. Routine calorimetric and 
enzymatic methods do not distinguish sitosterol and 
other sterols from cholesterol. Therefore sitosterolemia 
may be underreported because the diagnosis requires ei- 

Figure 2. Discrete collections of foamy histiocytes in the 
dermis with slight fibroplasia seen at (A) low and (B) high 
magnification. 

ther high-performance liquid chromatography (HPLC) or 
gas-liquid chromatography using a capillary column 
(capillary GLC) to differentiate cholesterol from the 
other sterols and 5alpha-dihydro sterol derivatives (2,3). 
Typically cholesterol comprises 99.6% of plasma sterols, 
and cholestanol and plant’ sterols, approximately 0.2% 
each. By contrast, in sitosterolemic homozygotes, cho- 
lesterol represents only 80% of plasma sterols (3). 

Normal diets contain equivalent amounts of choles- 
terol and plant sterols, but only 30-60% of cholesterol 
and less than 5% of plant sterols remain in the body after 
processing (2,4). In unaffected individuals, the liver pref- 
erentially excretes unesterified noncholesterol sterols 
into the bile so that almost no net absorption results. In 
sitosterolemia, increased intestinal absorption is coupled 
with reduced hepatic sterol secretion. Thus hepatic plant 
sterol levels are elevated lo- to loo-fold over baseline 
(6). Dysregulation of lipid metabolism in sitosterolemia 
also results in enhanced LDL receptor function and low 
HMG-CoA reductase activity (5). 

Clinically sitosterolemia is characterized by xantho- 
mas, premature vascular disease, and arthritis. Tendon 
xanthomas may affect the patellar, plantar, and Achilles 



tendons. as well as the extensor tendons of the hand; 
tuberous xanthomas occur predominantly at the elbows 
and knees (I .7). While xanthomas are the primary cuta- 
neous sign of sitosterolemia. not all sitosteroiemic pa- 
tients have xanthomas. Premature atherosclerotic dis- 
ease. often in the absence of a family history of such. 
may present as fatal myocardial infarction or aortic ste- 
nosis in the first several decades of life. The xanthomas 
and coronary artery disease seen in sitosterolemia are 
similar to the features of homozygous familial hypercho- 
lesterolemia due to LDL-receptor deficiency. Adolescent 
boys with homozygous sitosterolemia are particularly 
susceptible to fatal cardiac events, and a 13year-old 
Amish boy is the youngest reported case (3). Girls are 
also affected. with a successful coronary bypass graft 
described in a 16-year-old girl with homozygous disease 
(5). Recurrent arthritis and arthralgias of the knee and 
ankle joints are also seen (3). Solitary instances of sitos- 
terolemia associated with neurologic lesions, paraplegia. 
and spinal cord compression secondary to xanthomatosis 
(7). and generalized eruptive xanthomatosis have been 
reported (8). However, it is important to emphasize that 
sitosterol and other sterols and stanols do not pass the 
blood-brain barrier and accumulate in either the white or 
gray matter of the brain (3). Since biliary secretion rela- 
tive to bile acids is decreased, gallstones have not been 
found (3). 

Initial treatment for sitosterolemia can be a cholesterol- 
lowering diet, which may lead to a concomitant rapid 
decline in plasma sterols of as much as 35% (9). Bile 
acid malabsorption can be achieved by administering 
binding resins, such as cholestyramine and colestipol, or 
via ileal bypass surgery (3). Both the medical and sur- 
gical options result in dramatic lowering (2.5-50%) of 
plasma sterol concentrations. Treatment can produce 
prompt clinical improvement, including the disappear- 
ance of xanthomas, elimination of aortic stenosis mur- 
mur, and decreased frequency of angina pectoris and 
arthritic episodes. In severe cases, coronary bypass grafts 
may be necessary (5). 

The differential diagnosis of tendon and tuberous xan- 
thomas in adults includes primary lipid abnormalities 
such as heterozygous and homozygous familial hyper- 
cholesteroletnia secondary to LDL-receptor deficiency, 
broad beta disease (type III hyperlipoproteinemia), and 
hypertriglyceridemia. Other causes include cerebrotendi- 
nous xanthomatosis, secondary hyperlipidemia due to 
diabetes mellitus (IO), hypothyroidism, multiple my- 
eloma, ‘and obstructive liver disease (7,11,12). 

Dermatologists who are asked to evaluate children 
with xanthomas should recognize that the more limited 
differential diagnosis includes homozygous familial hy- 
percholesterolemia, sitosterolemia, cerebrotendinous 
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xanthomatosis. and obstructi\,e cholestatic liver disease 
such as Alagille syndrome (13.13). Homozygous hyper- 
cholesterolemia usually presents with much higher 
plasma cholesterol levels than sitosterolemia, and Ala- 
gille syndrome typically includes hepatic disease. If a 
patient with sitosterolemia were on a low fat, low cho- 
lesterol diet, xanthomas might present in association with 
essentially normal plasma lipids. the so-called normoli- 
pemic xanthomas, and would go undetected unless spe- 
cific tests for plant sterols were performed. Pediatric der- 
matologists can have a vital role in the diagnosis of this 
rare but serious and treatable condition and should con- 
sider this diagnosis in all children with xanthomas. Since 
cardiac disease can present in childhood, early detection 
and treatment are important in preventing the atheroscle- 
rotic heart disease associated with the condition. 
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i ITS AHI I’JX IS FUR iNDlVlOUAl USE ONLY 
AND MAY NOT BE FURTiER REPRODUCED OR STORED 

ELECTRONiCALLY WITHOUT WRITTEN PERMISSION FROM THE 
COPYRIGKi HOLDER. UNAlilHORIZED REPRODUCTION MAY 

RESULT IN FINANCIAL AND OTHER PENALT!&S. 

HMG-CoA reductase is not the site of the primary defect 
in phytosterolemia 

Abstract Phvtosterolemia is an autosomal recessive disor- 
der characterized by the excessive absorption. reduced ex- 
cretion. and consequent high tissue and plasma levels of 
plant sterols, by the presence of tendon xanthomas, and b! 
premature atherosclerosis. Low HMGCoA reductase (HRase) 
activiv and mass have been reported in liver and mononu- 
clear leucocytes and low mRNA levels in liver from phyto- 
sterolemic subjects. These results led to the proposal that 
the primary defect in this condition involves the HRase 
gene locus. We examined this hypothesis in phytosterolemic 
subjects and heterozygous parents from four unrelated 
.families. A variable number tandem repeat (VNTR) poly- 
morphism of the HRase gene in the three informative fami- 
lies and a ScrFI restriction fragment length polymorphism 
(RFLP) within intron 2 of the gene in one of these families, 
segregated independently of the disease phenotype. Biolog- 
ical parentage was confirmed in the family in whom both 
polymorphisms failed to segregate with the disorder. These 
results conclusively exclude the HRase gene locus as the site 
of the primary defect in phytosterolemia. The study was ex- 
tended by examking plasma levels of mevalonic acid and 
lathosterol, both markers of cholesterol biosynthesis, in re 
sponse to cho&yramine, a bile acid sequestrant that is known 
to up-regulate HRase. . Oral administration of cholestyra- 
mine resulted in a substantial (7.7-fold) increase in meva- 
ionic acid levels in two phytosterolemic subjects, compared 
with a 2.2-fold rise in their obligate heterozygote parents 
and a 2.3-fold increase in three healthy control subjects. 
The lathosterol/cholesterol (L/C) ratio showed a quantita- 
tively similar response. Baseline levels of mevalonate and 
the L/C ratio were low in the phytosterolemic patients in 
conformity with reports of reduced cholesterol biosynthesis 
and HRase activity in this dis0rder.m These functional data 
provide support for the concept that the primary defect in 
phytosterolemia does not affect a tmnr gene locus responsi- 
ble for the constitutive expression or regulation of HMG 
CoA reductase.-Berger, G. M. B., R. J. Pegoraro, S. B. Pa- 
tel, P. Naidu, L. Rom, H. Hidaka, A. D. Marais, A. Jadhav, 
R. P. Naoumo\a, and G. R. Thompson. HMG-CoA reduc- 
tase is not the site of the primary defect in phytosterolemia. 
J. Lipid Res. 1998. 39: 1046-1054. 
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I’ii~tostrrol~iIli;l (silosl~~~ol~liiii~) is ;kii ;1~i1osoi~~;~l races- 

sivc* tiisordcl- cll;ll.ac-ti.r-i~.ctl l)>f c-xcxkw ;tl~sor~~lioti 01‘ I)l;mt 
stcrols (l’s), early x;tnllioni;~losis, anti p~~~i;~l~tr(~ (‘(ll‘o- 
Il>ll~ ;Il?c~ disc;ist* (I-3). TO tlilll’ ill lC!>lSl 54 (‘XX’S twe 
Ixwi reporIc*d in Llic. liWr;klurc~ (3-S). Sluclics h;wc~ dem- 
onstrated thal ahsorplion of sitosltrol iir pli~lost~rolemic 
patients is 20-W% in contrast to approxirna1t.i)~ 5% in 
normal sub.jcc~ (3, 6, f). Sl~cllfisll stcrols arc also ab 
sorbed in excess (8). The concentl-aLion of’ 1’S in pl;lsma 
from phytoslcrolcmic palicnL% \arics I~c’l~~w~i 1.5 kind 27% 
of total sterol content (3) and incrcascd concrntra1i~ ms 
are also Ibund in cell nieinlxxfws, r;anLhornas. ;ultl ;111i~~o- 
sclerotic plaques, although cholesierol remains the predomi- 
nant lipid (3, 8-10). isotopic studies indicate ;t marked 
(up to 804old) expansion of the plant sterol body pool in 
phytosterolemic subject5 but very little difference between 
obligate heterozygotes and normals (6, 11, 12). 

The pathophysiological basis for these findings involves 
abnormalities of both the absorption and excretion of PS. 
In addition to the markedly enhanced absorption of PS in 
phytosterolcmic patients and to a lesser extent in bet- 
erozygotes, several studies have shown a significantly re- 
duced rate of sitosterol excretion in homozygotes (6, 11, 
12). The ability to concentrate sitosterol in bile is reduced 
(8,ll) and sitosterol is unable to undergo 7a-hydroxyladon, 
the first step in bile acid synthesis (13-15). In heteroq 

Abbreviations: HMGCoA, .%hydroxy-.3-methylglutaryl coenzyme k 
HRase, HMGCoA reductase; PS, plant sterois; ANA. mevalonic acid; 
RFLP, restriction fragment length polymorphism; WTR, variable num 
ber tandem repeats; PCR, polymerase chain reaction; LDL, low densitY 
lipoprotein; L/C, lathosterol/cholesterol. 
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P 
al-ted lo\\. ievcls of H\lG-Ch.4 t.educLase (HRase) mass 

,& acti\in. iit 11to1~011uc~wr hcocytes, and in 1i\w hops!- 
and p~st~~tortt‘t~~ txttctktl. L.e\,els of HRase mRN.4 uw-c 
also l-educed in liyer (IS). Catalytic efficiency. was itormal 

or i*~creased. u.i Lh a gxtrer propc)rLion of the total HRasc 

acti\iy 111 t!lc actt\‘e form in plyrosteroletnic microsomes. 
,Uggesw, ’ (7 rrdttced rnz\Inc s\nthesis wither titan ait al>- 
normal enn-me prorein. Hliasc itt mononttcleat~ leucoc~~tes 
anomalouSi!. decreased in response to cholesterol lower- 
ing by cholest!%aminc in ~~Ii~LosLet-oletnic palicno (17). 
These result5 sttggcslCd thcb ~xxisil~ility LItaL I-Ilkisc~ reg:ulaLiott 

ma\’ be Lhr sire 01 Llt~ primar!, dckcL in I)h~tost~rolcmic 
paLien& bttl Lo tl;tlc, tto tttrtL;ttion;tl basis fi)t- tltc tlise;ts~ Itits 
been reporlrc~. ‘4 tltttttbc:r ol'alLet.tt;tLivc explatt;ttiotts lt;t\? 
beet-t pi-OposrCi (?i) btI( Cottc~ttsivc c\ritictlCik k hCkillg. 

Mre e>;amitti~tl Lllc. his fi)r tlte t.cYlttrcYl I-Ili;tsv ;icLi\+t!, 
using t\vo ciif’f’crcttc apl)tUtcltes. Itt ottc’ I\‘(’ dctctmitt~d Lllc 
segregation of III<. discasc. pltenotypc with DNA pol!mor- 
phisms witltin tit<- l-IIZ;tsc~ ficni’ in linkage studies per- 
formed on thtw inhrttt;ktivc. i)hy~oslct-olcmi~ flttnilirs. 
The second ;t])j>t.o;t.c1t ittwlwd ~ttltttinist~ttiott 01 cltol~- 
styratninr. a bile* acid s~qrtc3LrattL. 10 Iwo ~~ii~~Losli:r-ol~mic 
sisters, Lo fottt- ol,lifiatc. It~tcrc,zygotcs, ant1 LO Llltw lll~;lllh): 
unrelated control stthjc.cts. Fasting pl;isma mcvaiottic acicl 

,-(MVA) and iaLltosLet-ol wer-o tt~casured prior LO attd during 
the administration of bile acid sequestrant to assess indi- 
rectly changes in Lhc rate ol’ cholesterol biosynthesis and 
hepatic H&se acLiviLy. AclcliLionally, Lhe diurnal rhythm and 
response to an HI&W inhibiLor, sitnvasLatin. wcrc’ tnoni- 
tored by determining plastna MVA levels in :I phytoster- 

olemic patient and ltcr mother. 

:. : 
.I..! METHODS 

r’ Of the five phytosterolrmic families investigaLed (3 from South 
:Africa, 1 Japanese, and 1 American) in this study. four (families 
l.C, K N and R) have been reported previously (5, 19). The phy- 
~~~osterolemic subjectc had sitosterol values ranging between 0.35 
&?d 1.21 mmol/l whereas levels in their obligate heterozygote 
;Fents were undetectable or less than 0.05 mmol/l. Xantho- 
,$atosis was prominent in most of the homozygous phytostero- 
.?emic subjects. Some of ihe patients were being treated with 
k$lestyramine in addition to a low phytosterol diet with a sub- 

tial fall in plasma sitosterol levels and regression of xan- 
maiosis. Table 1 summarizes the biochemical and clinical 

_. on the three families and controls involved in the physio- 
c studies. 

y linkage study ( 
eoegation of the HRase loci was studied using previously de- 
bed polvmorphisms (20, 21): a variable number tandem re- 

&‘N!i) Alu sequence-related polymorphism situated 10 kb 
exon 2, and a ScrFI restriction fragment length polymor- 

TABLE 1. Personal and clinical data on experimental subjects 

Ap2 sex CHOL TRIG SIT0 Xanthomas 

y mmol/l mmol/l mmol/l 

Phytosterolemics 
HK 12 F 8.30 0.88 1.15 yes 

;i 
8 F 6.14 0.83 0.63 IlO 

19 F 6.60 0.90 1.21 yes 

Heterozygotes 
AK 45 M 8.63 1.66 0.05 no 
MK 35 F 5.95 0.98 ND I-IO 
BaC 40 M 5.61 1.64 0.03 IlO 
BeC 37 F 4.88 1.25 ND no 
PR 53 F 7.90 1.90 0.01 no 

Controls 
DP 28 M 4.04 0.43 - no 
BC 21 M 3.61 0.27 - no 
ED 23 M 4.37 0.71 - no 

CHOL, cholesterol; TRIG, triglyceride; SITO, sitosterol. 
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Cholestyramine provocation study 
;\t Irast 2 \~ciks prior to 111~ (‘otttttt(‘ttccttt(ttt of Lltih stud\ hill 

acicl s~q~tiWf;utL Lltcrap\, \cax stopp~cl in lhe hotttozygot~ stib- 
jcbcts, 2 1K ;tttci ZK, and i;t III<. I!c?ctrozygotc. AK. Baselittr blood 
s;utiplcs w~t‘c’ tahc:i~ f’rcm III<* ho~~tcU.y~otes and 8 srroncl set ol 

Ixisvlirtv bloc~cl sattrples 2 weeks iitter. The four oblifi;tt~~ hct- 
~07ygot(~ part7its (Lkmilics Ii and C) wc’rc sampled ott a singk 
occ;tsiott oitl!, iti tltr Imsclittc, p~riotl. wltcrcas Lhc Lltrw conwols 
wrc’ satttpl~cl twice at iitt itttcrval of’ 1 wc~k. Imttiediatcl~ af’tc7 
111~ has~litt~ c~ollc~cliottx. cl~olcstyrami~t~ (<Qucstrattc. hlcact 
Joltttsoti) was givtrti twice clail~~ (8 g/clay) to all subicY%. Af‘tcr 3 
wwkh l~loocl samples wc‘tx’ cc~llc~rt~cl and Lhv intake of’ bilv acid 
s(yu~strattt was r~tluccd Lo (i g/day bcforc~ taking a flirthrt 
I,l00cl santplv 2 wt~cks later front all subjects except IWZ. Thcst 
sttldies were 1101 carried out uttdcr tttctabolic ward couditiotts 
but both homozygotes remained on their iow plant sterol diea 
throughour. 

HMGCoA reductase inhibition study 
Amtr m~~u2loni~ ad .su#r15sio~r k?5t 71dh Si?777mSlal~?l (%j,roI; 

IZW)J. Patient JR and her hetcrozyygok tnother (PR) had plasma 
MVA levels mcnsurcd at 09:OO, 1 O:OO, 1 ZOO, 14:OO. and 16:OO h LO 
analyze diurnal rhythm (day 1). The next day (da) ‘L) Lhe Same 
protocol was followed except Lhat. 40 mg simvastatin was adminis- 
tered immediately after the 09:OO h sample. Both subjects were 



Blood \\‘a~ ~:1111pld beh\‘cC?ll X:()0 and I-):00 II :if’[c~ ;I,, o\;yl-nigI~l 

far in all the csperimental subjrcu. Samples for cholesterol and 

I’S xxi!’ uwe collrc~ed into tubes without anticoagltlant ;111d nl- 

lcn~ed to clot for 1 h before centrifugation at .?(N)(l r-pm for 13 
min. The serum I\‘as stored at -7OY: prior to am1lx.sis. Blood 1’01. 
II\:-\ nlltl I;ltll0S~eld ;ISsiK U’as colleclrd into El~T.-\-conr;tillitl~ 

tubes on ice. spun in a refrigerated ccntrifilge. alid the plasm;I 

was stored at -70°C or 011 dn. ice prior to analvsis. 
The methods used for cholesterol and plan’, star01 ;~ss+.~rc 

essentially as descrihrd previousI>, (.s). except rllar thr srnsiri\.- 
it\. for thr detection of plant stet-01s was incras(d i’X()lcl I)\. ;I]- 

tering the attenuation on ltlr gas c~llonl;lro~~~~pli ;~iitl 1n. illCr(‘il;- 

ing the injection volume of the meth!,lenr chloritlc~ extract :<- 
fold. hlevalonic acid was determined b!, gas cllrol,l;lroSr”I~tl~, 
electron capture mass specrrometry. The method is f’ull) de- 
tailed elseukere ( 22. 25) and is summarized bricfl\. belou. N’IW 

addition of [?H:;] M\‘A to each sample as intekal s~ancl;~rd, 
M\;I\ was converted into the lactonc form using Ikn\~cs .50 (3’) 
and then exrract~cl into dichloro~~~crl~~~t~~~-~~r0~~a~i-”-ol. ,411er 
purification and conversion back to th(* acid finm. M\‘.r\ ~\xs 
esterified to thr .?..“, 0i.t ~ti-ill~ior-n~c~l~\~l)I~cr~z~l~src~~ mid rlw 

trimeLhvlsilyl deri\,ative 1k’a.s prepared uSing (,i ‘(tl-imctl,~lsil~I)- 
trifluoroacetamide. Derivatkti sampirs wcr~ an;Il\~zrcl on ;I 

Finnigan 4500 quadropole mass spectrometer. This IIlstrumc’nt 
uses electron capture ancl selected ion monitoring of’ ions at 
m/z ratios of 291 and 294 for detection of the derivatizeci MV,4 
and [?Hs]MVA, respectively; the intra-assay and the interassat 
coefficients of variation were 3.5% and 6.0%, respectively. 

Serum concentrations of 7-lathosterol were deLerminec1 by the 
method described by Wolthers et al. (24), using a 112 4500 analyt- 
ical Gas Chromato,mph (@e Unicam, Cambridge, LX) equipped 
with a fused capillary column (SAC-S, Sigma-Aldrich. Poole, Dor- 
set). Helium was used as carrier gas. Lathoslerol is reported in 
bmol/l and is also expressed as the L/C ratio so as to correct for 
changes in serum levels attributable to decreases in low densit) 
lipoprotein during treatment with cholestyramine (25). 

22 23 

v 

--a -3-a hlh&l~~b Fig. 1. Autoradiograph showing segregation of a VNTK in 

15 16 25 26 36 37 36 39 40 41 42 intron 2 of the HRase gene in three families. A total of five al- 
leles differing in size were detected: in each family the affected 
children, Ml5 and M16, K25 and K26. and N37. N40 and N41, 
inherited different alleles. Although the parents were not 
available for genotyping in families M and N, the presence of 
at least three differing alleles within each family altows for in- 
formative segregation and exclusion. 

3 

2,5 5,5 1.2 4,5 1,1’1,4 1,5 2,3 2,5 2,5 2,5 1,3 1,5 2,5 .- 
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coiict’~i~~~;ttio~~ ill 21 hcaltln. adults II~S (i.1 k*g/‘l (SD. z.(i )*s I 
1). as iq)OrlcYI pre\iolisl~~ (31 ). .-\diiiinistration of’ chtr 
Icst~rnmiiic~ rr3tllted in an increase in SfI’A in all groups: 
7.7~fold in the homo~~ote patients (range i.2--8.2). 2.2..fold 
(range 0-3.0) in LIic’ hetero~potes. and 2.3~fold (range I .6-- 

2.7) in the COIILI-01 s~~b@,s. The relative changes in hl\‘.k 
were more pi-oilounced (P = 0.0009) in the two ph!rtoste- 
rolemics. who had lower baseline concentrations. The 
changes in the other tu’o qx~ups ulien pooled were less 
marked. but stntisticall~~ significant (P = 0.019). Treatment 
with cholesr)ramine (Fi g. 3) also induced increases in the 
L/C ratio in the two sitosterolemic patients (3.8- and ‘7.3 
fold), in the three controls (?.I- Lo M-fold), and in the four 
heteroq~jiores (O- to 1 ..Xold) which were compamble to tbc 
changes obsenVed in plasma MVA. As \vith the latter. the 
changes in the L/C: ratio were more marked in the patients 
than in the other subjects (I’ = 0.015). The treatment was 
continued for a further 2 weeks using a lower concentration 
of cholest!l-amine (see Methods) resulting in a fall in MVA 
le\&, \vllich, however, remained above baseline in the two 
homo~ptes and heteroqgotes. 

.E! 
ii 
3 zl 

1 

Heterozygotes 

-AK 
BaC 
MK 
BeC 

DP 
BC 
ED 

Fig. 3. Changes in baseline MVA levels (pg/l) and 
L/C ratios in response LO treatment with choiestyra- 
mine in patients with phytosterolemia, heterozygotes 
and controls. 



Cholesterol levels fell in all suljects af‘tcr 3 \C-YC~S of‘ 
cholest\-r-amine administration (Table 2). indicating rc’a- 
sonablr compiiancr \\.ith the protocol. The rel:tti\ C‘ f:tll it] 
cholesterol was greater in the plytostei-olemic ptients 
than in the other suhjec% (as prcviousl~~ rcport~d). Sito- 
sterol COIIC~I~W~~~OJ~S diminished markedly in HI; but onl? 

slighLly in ZK. In the helerozygoir and cont~-01 wbjwts. 
baseline sitosterol levels were extremeI! 10~. a11d the 
changes after cholest~raminc inLake were inconsistent. 

HMG CoA reductase inhibition study 
Result of the acute’ hWA suppression lest with sim\‘asta- 

tin in patient JR and her hcterozygo~c mother are prr- 
sensed in Fig. 4. The mother showed normal i‘asti~lg plasma 
MVA levels and a normal diurnal rhythm (day 1) whereas 
patient JR had low baseline levels. The single 40-mg dose 
of simvastatin reduced plasma MVA levels by 70% in the 
mother but had no effect in JR. Eight days adminisuxion 
of‘sim\-astatin to heterozygotes and controls caused a slight 
decrease in cholesterol levels (I’ = 0.04) but no change in 
either sitosterol or campesLero1 (Table 3). 

DISCUSSION 

The polymorphism linkage data conclusively establish 
that in the three informative families studied phytoster- 
olemia was not inheriLed through a genetic defect at the 
HRase gene locus. The VNTR data were further strength- 
ened in family Ii using a second polymorphism (ScrFI 
RFLP), together with biological proof of parentage. It is 
reasonable to assume that the consistency of the data across 
all three families renders this interpretation applicable to 
the majority of phytosterolemic kindreds in South Africa, 
Japan, and the United States. 

The implications of the genetic data were further stud- 
ied and extended by measuring changes in MSA and 
lathosterol concentrations in response to cholestyramine 
administration. Measurement of plasma levels and urinary 
excretion of MVA have been shown to be good indices of 
the in viva rate of cholesterol synthesis (32, 33). 4 diurnal 
rhythm of plasma MVA has been described in humans 
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(Y-1) that correlated closcl~~ wiLh the incorporatio~~ ol‘deu- 
terium into plasma ii-rc cltolcstrrol (33). Ll’holc hod!, (. 10. 
lestcrol s!xthesis as mcxllrcd l)!, stcrol lx~lanc~ 11;~s l)cen 
sl~own to correlatc~ closcl~ \\*ith f&ring plasiii;r R4\LA (32) 

under mrtaholic ward conditions :md \vitlt urinar\, MVA 
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Fig. 4. h4YA levels (pg/l) after suppression with simvastatin. I’hy 
losterolemic patient (a) and her obligate heterozygote mother (0). 
Day 1, placebo; day 2, single dose of’simvastatin 40 mg administered 
at 09:OO h. 
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incrcasrd in response to inhibition of one 01‘ more steps 

in the con\‘ersion 0f‘meYalonate to choIesteroI. In particu- 
lar. borh indices reflect predominantly hepatic HRase ac- 
tivit\, (37, 41). These results are compatible with the ge- 
netic Dada that conclusively demonstrate that the priman, 
defect in sitoslerolemia does not involve the HRdse locus. 
The), also support. but do nol unambiguously prove, the 
SU-onp- hvpothesis that the prima?, defect does not down- 
regulate Hi&e synthesis at a genetic site remote from 
( /WUY to) the gene locus. Thr regulation of HRase acti\iq 
is complex and is exerted at transcriptional and various 
post-transcriptional levels (46). Whatever the mechanism 
underlying the observed reduction in HRase mRNA and 
enzyme mass levels in sitosterolemia, it did not prevent 
the apparent increase in HRase activity elicited by choles- 
tyramine in this study. As cholestyramine normally exerts 
iti welldocumented stimulation of HRase synthesis by re- 
ducing the intrahepatic level of the free sterol pool or 
pools responsible for the negative feedback control of 
HRase gene expression, it is reasonable to conclude that 
the same mechanism is operative in the two sitosterolemic 
homozygotes. Cobb et al. (47) reported a paradoxical 
decrease in the 24-h urinary excretion of WA in a lo- 
year-old sitosterolemic girl given cholestyramine. As the 
subject aiso suffered from heterozygous familial hypercho- 
lesterolemia, the functional significance of this observa- 
tion is difficult to determine. Considering the most plausi- 
ble interpretaion of our data, two further questions arise. 
First, what further evidence exists in favor of suppression 
of basal HRase activity and cholesterol biosynthesis in phy- 
tosterolemia, secondary to the biochemical consequences 
of the primary defect? Second, what role, if any, does the 
diminished HRase activity play in accounting for the accu- 
mulation of plant sterols characteristic of this disorder? 

It is not clear whether increased quantities of sitosterol 
alone can account for the suppression of HRase activity. In 
rat ileum and rat liver, increased sitosterol concentrations 
induced by feeding and infusion experiments, respectively, 
failed to inhibit HRase activity or reduce mRNA levels at 
concentrations similar to those found in phytosterolemic 
homozygotes (48-50). At these concentrations 7a-hydrox- 

excretioIl (36). III acklition. plasma h4\‘A levcla corrclatc 
well with HRasc acri\ity in 11 wnan liver (3f). Furthermore. 
+sma levels and urinary excretion of’ MVA have been 
&ohm to decrcbasc aficr rreatment with HR4G-Co.4 redtic- 
tase inhibitors and to incr-msc af’tet. bile acid sequcstrants 
(33, 38). Thus there is good cviclenct hi1 hIsLing pI;~sma 
WA levels prolidc ;I \,aIicI albeir scnliq~~;~~ltit~~ti\,~ index 
of cholesterol s!.lltllcsis. TIK co11ccwt~Ition 01‘ 74atl1osk~ol 

in plasma is anotlIcI. wcll~s~at~lisllcti index 01. \~llolc* body. 
cholesterol synthesis in hunlans (2.5. ?I$), 40) ~ILII has been 

shown to corrclatc closely with hcpatic HI&c activit!, 
(41). Serum lathostcrol concentration and Lhe L/C ratio 

,both increase during treatment tilh cholestyramine or 
colestipol (42, 43), which stimulale cholesterol biosynthe- 
sis in the liver, and decrease during treatment with an 
HMGCoA reductasc inhibitor (25, 42,44). 

In the present study intra-individual variation in plasma 
MVA levels was minimized by sampling at the same time in 

,,the morning to avoid the effects of the diurnal rhythm 
previously reported (32, 34), and by maintaining the same 

k$iet over the period of investigation. The increase in MVA 
;.y considerably greater in the phytosterolemic patients 
s?g. 3) than in either the obligate heterozygote or con- 
$501 group. The within-subject variability of plasma MVA 
;;ahmated from data obtained in 20 hypercholesterolemic 
ipatients, from whom fasting blood samples were obtained 
ig.9 AM on three separate occasions in 1 week (45), was 

% (range 5.7-18.5%). By comparison, plasma MVA 
sed during treatment with cholestryramine by 
8.2-fold in the phytosterolemic patients and up to 

in heterozygous relatives and normolipidemic con- 
athosterol levels (Table 2) and especially the L/C 

Fig. 3) increased pari passu with the plasma WA 
s. The changes in the MVA levels and the L/C ra- 

in both phytosterolemic subjects were considerably 
r than could be accounted for by intra-individual 

( 
ma MVA and lathosterol, measured in our study as 
rs of early and late steps of the cholesterol biosyn- 
pathway, respectively, were both comparably in- 

aed. This excludes the unlikely event that h4VA levels 
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Effect of plant sterol-enriched margarine on plasma lipids 
and sterols in subjects heterozygous for phytosterolaemia 

A. F. H. STALENHOEF, M. HECTORS g: P. N. M. DEMACKER 
Fro177 the Deprttnent OJ General Inrernal Medicine. University Medicnl Centre Nijmegen. Sijmegcn. The h?therlnnds 

Abstract. Stalenhoef AFH, Hectors M, Demacker 
PNM (University Medical Centre Nijmegen. Nijme- 
gen. The Netherlands). Effect of plant steroI-enriched 
margarine on plasma lipids and sterols in subjects 
heterozygous for phytosterolaemia. J Intern Med 
2001; 249: 163-166. 

Objective. Margarine with added plant sterols low- 
ers plasma cholesterol levels. It is of importance to 
know whether these margarines can be used safely 
in carriers of a hereditary disorder with increased 
absorption of plant sterols. 
Design. In an open feeding study of 8 weeks with a 
2-week run-in period and 2 final weeks as a 
washout period on control margarine (0.3% plant 
sterols), two obligate heterozpgous parents of a 
patient with classical sitosterolaemia were subjected 
for 4 weeks to a diet containing margarine enriched 
with plant sterols (8%). Fasting blood samples were 
taken weekly. Primary outcomes were plasma lipid 
and lipoprotein levels and plant sterol levels. 

Results. Both parents were hyperlipidaemic. Total 
plasma cholesterol levels were decreased by 11 and 
12%. respectively, after 4 weeks of the consumption 
of 40 g day-l of plant sterol-enriched margarine. 
This was mainly due to changes in LDL-choles- 
terol. whereas the other lipoproteins, including 
lipoprotein(a), were unaffected. Total plant sterol 
levels increased maximally 139% from 0.31 to 
0.82% of total sterols in the father. and maximally 
83%. from 0.32 to 0.66% of total sterols in the 
mother. 
Conclusion. An intake of around 3 g day-l of plant 
sterols by subjects heterozygous for phytosterola- 
emia increased campesterol or sitosterol levels in 
blood to similar levels as found in normal subjects. 
In addition, plasma cholesterol levels were reduced 
to the same extent as in normal or hypercholeste- 
rolaemic individuals. 

Keywords: cholesterol. margarine. phytosterola- 
emia. plant sterols. 

Introduction 
Phytosterolaemia (also known as sitosterolaemia) is 
a rare, recessively inherited disorder characterized 
by extremely high plasma levels of plant sterols. 
xanthomas and premature coronary heart disease 
[I]. Under normal circumstances. the Western diet 
contains almost equal amounts of cholesterol and 
plant sterols. However, 30-60% of total dietary 
cholesterol and only <So/o of total plant sterois are 
normally absorbed in the gut [2]. Affected patients 
have uncontrollable sterol absorption. higher plas- 
ma and tissue ‘cholesterol and phytosterol concen- 
trations and low endogenous cholesterol synthesis 
[3]. Lowering dietary cholesterol and plant sterol 

0 2002 Blackwell Science Ltd 

intake is one. of the first obvious approaches. 
Heterozygous carriers of this disorder are clinically 
and biochemically normal [4]. 

Recently, a new cholesterol-lowering spread has 
been introduced that contains 8% of plant sterols 
(Betel pro-aktiv@, Unilever. Vlaardingen). Such a 
concentration will increase the individual daily 
intake of plant sterols by five- to IO-fold [5). Thus, 
the question arises about the impact of such 
elevated intake of plant sterols on subjects hetero- 
zygous for phytosterolaemia. We therefore investi- 
gated the effect of feeding margarine enriched with 
plant sterols on plasma lipoproteins and sterols in 
two heterozggous parents of a patient with classical 
phytosterolaemia. 
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Materials and methods 
The proband (female, age 28 years) was identified 
at 16 years old on the basis of the presence of 
tendon and tuberous xanthomas and extremely 
high (SO- to 100~fold increased) plasma sterol 
levels [4]. Her parents participated in this study. 
They were both 52 years of age. hypercholestero- 
laemic and obese (BMI, 33.9 and 35:O kg m-‘. 
respectively). The feeding study consisted of 
8 weeks with a 2-week run-in period and 2 final 
weeks as a washout period. They first consumed 
control margarine (40 g day-‘, 35% fat and 0.3% 
plant sterols) for 2 weeks: after that they con- 
sumed the margarine .enriched with plant sterols 
(8.2%) with no modification to their usual diet. 
Fatty acid composition of both margarines was 
similar (48% polyunsaturated fatty acids). The 
chemical composition of the margarines has been 
described in detail [5]. Blood samples were collec- 
ted at -2, 0. 1, 2, 3. 4 and 6 weeks. Subjects gave 
signed written informed consent. Full-week dietary 
records were filled out by the two subjects. 
Compliance evaluated by counting the tubs was 
100%: the body weights did not change during the 
study period. 

Plasma cholesterol and triglycerides were deter- 
mined enzymatically in fasting samples. High-den- 
sity lipoprotein (HDL) cholesterol was determined by 

the phosphotungstic acidlMg”+ precipitation method 
[6]. Very low density cholesterol (VLDL) was isola- 
ted by ultracentrifugation at d = 1.006 g mL-’ 
(Beckman. Palo Alto. CA). LDL cholesterol was 
calculated by subtraction. ApoB and apoA1 were 
quantified by immunonephelometry [7]. Lipopro- 
tein(a) was measured by a specific radioimmunoas- 
say (Mercodia AB. Uppsala, Sweden). Plant sterol 
levels were measured using gas chromatography 
following established methodology 18. 91. Briefly. 
0.1 mL plasma was saponified with KOH for 1 h at 
3i “C. Extracted samples were derivatized with 
BSTFA/l% TMCS and injected into a Varian 3400 
gas chromatograph (Sunnyvale. CA) equipped with 
a flame ionization detector and a data processing 
system. using -oprostanol as an internal standard. 
Campesterol, stigmasterol and sitosterol were iden- 
tified using authenticated standards (Sigma. St 
Louis, MO). 

.-.- 

Results 
The father exhibited mixed hyperlipidaemia. which 
was known for several years: the mother was also 
hypercholesterolaemic (Table 1). The consumption 
of plant sterol-enriched margarine did not cause 
side-effects. Total plasma cholesterol levels were 
decreased by 11 and 12% in the parents, respectively. 
after 4 weeks of the consumption of 40 g day-r 

Table I Plasma lipids. lipoprotein and apoiipoprotein levels and lipoprotein(a) in heterozygous subjects consuming margarine enriched in 
plant sterols 

Cholesterol VLDL chol. LDL chol: HDL choi. Triglycerides ApoAl ApoB Lptaj 
Iti) (MM) ~~I (MMI IIllM) (mg L-‘1 (mg L-‘1 IMP L-1) 

Fuothcr 
Slart run-in 8.50 2.08 5.58 0.84 3.90 1360 1620 < lh 
Slarl (0) 8.46 2.62 5.03 0.81 3.89 1345 1570 c 16 
T = 1 week 7.59 1.80 4.95 0.84 3.46 1295 1450 < 16 
T = 2 weeks T.41 1.74 4.79 0.88 3.45 1395 1390 c 16 
T =,3 weeks i.67 2.09 4.74 0.84 3.49 1285 1495 c 16 
T = 4 weeks 7.53 2.18 4.48 0.88 3.80 1325 1405 c 16 
After 2 weeks 

washout 7.88 2.21 4.86 0.81 4.12 1255 1450 c 16 

Mother 
Start run-in 6.17 0.38 4.70 1.09 l.Si 1470 1295 92 
S&n-l (01 6.19 0.55 4.3i 0.91 1.9i 1400 1285 94 
T = 1 week 5.36 0.34 4.04 0.98 1.42 1325 1145 95 
T = 2 weeks 5.25 0.55 3.79 0.91 2.06 1290 1120 90 
T = 3 weeks 5.56 0.45 4.13 0.98 1.68 1295 1160 S6 
T= 4 weeks 5.46 0.55 3.90 1.01 1.91 1335 1150 62 
After 2 weeks 

washout 5.81 0.61 4.32 0.88 2.10 1285 1265 78 

C 2001 Blackwell Science Ltd ]ournnl o/Internal Mrdicim 249: 163-166 
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Table 2 Plasma total cholesterol and plant sterol in heterozygous subjects consumin, 0 margarine enriched in plant sterols 

Father 
Start run-in 
Start (0) 
T = 1 week 
T=2 weeks 
T = 3 weeks 
T = 4 weeks 

After 2 weeks washout 

Mother 
Start run-in 
Start (0) 
T = 1 week 
T= 2 weeks 
T = 3 weeks 
T = 4 weeks 
After 2 weeks 

washout. 

Cholesterol 

mM o/u change 

8.50 - 
8.46 0.0 
i.59 -10.3 
7.41 -12.4 
7.67 -9.3 
i.53 -11.0 

i.88 -6.9 

6.17 - 
6.19 0.0 
5.36 -13.4 
5.25 -15.2 
5.56 -10.2 
5.46 -11.8 

5.81 -6.1 

Campesterol 
WI 

9.80 
12.25 
22.35 
27.20 
37.80 
34.25 

16.50 

8.35 
9.15 

13.85 
16.80 
15.75 
19.25 

10.50 

Total plant sterols 
Stigmasterol Sitosterol 
WI (l.W PM o/u change %, total sterols 

1.10 11.15 22.05 - 0.26 
1.35 12.90 26.50 0 0.31 
1.30 li.13 40.80 54 0.62 
1.23 li.60 46.05 74 0.65 
2.00 23.45 63.23 139 0.82 
1.60 20.10 55.95 111 0.74 

* 1.70 14.00 32.20 22 0.41 

0.50 10.70 19.55 - 0.32 
0.00 10.60 19.iS 0 0.32 
1.20 12.25 2i.30 38 0.51 
1.30 13.35 31.45 . 58 0.60 
1.33 11.65 28.75 46 0.51 
1.60 15.20 36.05 83 0.66 

0.50 10.55 21.55 9 0.37 

plant sterol-enriched margarine (Table 1). This was 
mainly due to changes in LDL cholesterol. whereas 
the other lipoproteins, including Lp(a) were unaffec- 
ted. The decrease in apoB was in the same order as 
that in serum cholesterol. Total plant sterol levels 
increased maximally 139% from 0.31 to 0.82% of 
total sterols in the father. and maximally 83% from 
0.32 to 0.66% of total sterols in the mother 
(Table 2). After 3 weeks of consumption of plant 
sterols. their blood levels seemed to have reached 
equilibrium with no further increase. In 33 healthy 
control subjects. fasting plasma campesterol levels on 
their normal diet ranged from 3.8 to 24.2 pmol L-r 
(mean 13.1) and plasma sitosterol from 2.1 to 
16.5 pmol L-l (mean 8.9). 

Discussjon , 
Daily intake of plant sterol-enriched, margarine 
lowered blood total cholesterol levels in the subjects 
heterozygous for phytosterolaemia by an average of 
10.2 and ll.O%, respectively (average of weeks 3 
and 4). This is in accordance with what has been 
reported earlier in normal and hypercholesterolae- 
mic subjects [5. lo]. Of importance in this study was 
that an intake of around 3 g day-’ of plant sterols 
in the heterozygotes did not increase campesterol 
or sitosterol levels in blood to levels higher than 
reported in normal subjects consuming similar 

margarine [ll. 121. In addition, the increase in 
blood plant sterols observed in the two heterozygotes 
was slightly higher than observed in our healthy 
subjects on a normal diet and was less than 1% of 
blood total sterols. After 3 weeks of a steady 
consumption of plant sterols. blood levels of the 
subjects seemed to have reached equilibrium with- 
out further increase. but long-term follow-up studies 
are necessary to confirm this. 

In conclusion. plant sterol-enriched margarine 
appears to be as efficacious in reducing cholesterol in 
subjects heterozygous for phytosterolaemia as in 
normal or hyperlipidaemic subjects. without strong 
accumulation of plant sterols in their plasma. As 
pointed out by Law [13]. consumption of marga- 
rines containing plant sterols as well as stanols can 
be expected to reduce the risk of heart disease of 
about 25%. 
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SUMMARY OF THE NCEP ADULT TREATMENT PANEL 111 REPORT 

- metabolic syndrome and associated can be achieved by simultaneously in- nated goal for LDL cholesterol (see 
lipid risk factors. The majority of per- 
sons with these latter abnormalities are 
overweight or obese and sedentary. 
Weight reduction therapy for over- 
weight or obese patients will enhance 
LDL lowering and will provide other 
health benefits including modifying 
other lipid and nonlipid risk factors. As- 
sistance in the management of over- 
weight and obese persons is provided 
by the Clinical Guidelines on the Iden- 
tification, Evaluation, and Treatment of 
Overweight and Obesity in Adults from 
the NHLBI Obesity Education lnitia- 
tive (1998). Additional risk reduction 

creasing physical ictivity. 
At all stages of dietary therapy, phy- 

sicians are encouraged to refer pa- 
tients to registered dietitians or other 
qualified nutritionists for medical nu- 
trition therapy, which is the term for the 
nutritional intervention and guidance 
provided by a nutrition professional. 

DRUG THERAPY TO ACHIEVE 
LDL CHOLESTEROL GOALS 
A portion of the population whose 
short-term or long-term risk for CHD 
is high will require LDL-lowering drugs 
in addition to TLC to reach the desig- 

Table Y). When drugs are prescribed, 
attention to TLC should always be 
maintained and reinforced. Currently 
available drugs that affect lipoprotein 
metabolism and their major character- 
istics are listed in TABLE 7. 

Some cholesterol-lowering agents are 
currently available over-the-counter 
(OTC) (eg, nicotinic acid), and manu- 
facturers of several classes of LDL- 
lowering drugs (eg, statins, bile acid 
sequestrants) have applied to the Food 
and Drug Administration (FDA) to allow 
these agents to become OTC medica- 
tions. At the time of publication of ATP 
III, the FDA has not granted permission 

Figure 1. Model of Steps in Therapeutic Lifestyle Changes (TLC) for OTC status for statins or bile acid 
sequestrants. If an OTC cholesterol- 

Visit 1 
Begin lifeatyie 

Therapies 

visit 2 Visit 3 Visit N lowering drug is or becomes available, 
Evaluate LDL Evaluate LDL EWfY 

6 
Monitor Adherence 

6 4-6 
weeks 

ReSPO”Se 
patients should continue to consult with 

Weeks 
Re.spas? 

Months 
to TLC 

their physicians about whether to ini- 
-----+ If IDLGoal Not __, IfLDLGoal,Not ----+ 

Achieved, Achieved, 
lntensiry LDL- 
LoweIing 

Consider Adding 
Dw T~=wY 

tiate drug treatment, about setting the 
goals of therapy, and about monitoring 
for therapeutic responses and side effects. 

l Emphasize Reduction 
of Saturated Fat 
and Chdesterd 
Intakes 

l Encourage Moderate 
Ptyskal Actii 

l Cons’~w Rafenal to a 

l Reinforce Reduction 
in Saturated Fat and 
Chdesterd Intakes 

l Consider Adding 
Plant Stands/Sterois 

l Inw?asa F&Y intake 
l Consider Refenai 

4 
l Initiate Thempy for 

DMitian to a Dietiiian 

LDL indicates low-density lipoprotein. 

Metabdic 
Syndrome 

l Intensify Weight 
Management and 
Physical Activity 

l Consider Referral 

Secondary Prevention: 

to a Dietitian 

Drug Therapy for CHD 
and CHD Risk Equivalents 
For persons with CHD and CHD risk 
equivalents, the goal is to attain an LDL 
cholesterol level of cl00 mg/dL. The 
cutpoints for initiating lifestyle and drug 

Table 7. Drugs Affecting Lipoprotein Metabolism* 

Drug Class, Agents, Lipid/Lipoprotein 
and Daily Doses Effects Side Effects Contraindications Clinical Trial Results 

HMG-CoA reductase LDL .t 1 a%-55% Absolute: active or chronic 
inhibitors HDL t 5%-15% 

Myopathy; increased Reduced major coronary 

TG 179/o-30% 
liver enzymes liver disease events, CHD deaths;need. 

(statins)+ Relative: concomitant use for coronary procedures, 
of certain drug@ stroke, and total niortality 

Bile acid LDL 115%-30% 
HDL t 30/o-5% 

Gastrointestinal distress; Absolute: dysbetalipoproteinemia; Reduced major coronary events 
sequestrantst constipation; TG xK!O mg/dL and CHD deaths 

TG No change or decreased absorption Relative:TG >200 mg/dL 
increase of other drugs .’ 

Nicotinic acid/j LDL 15%-25% Flushing; hyperglycemia: Absolute: chronic liver disease: 
HDL ?’ 15%-35% 

Reduced major coronary events, 

TG 120%-50%. 
hyperuricemia (or gout); severe gout and possibly total mortality 
upper-gastrointestinal Relative: diabetes; hyperuricemia; 
distress: hepatoto+city peptic ulcer disease 

Fibric acids1 LDL 15%-20% Dyspepsia; gallstones; Absolute: severe renal disease; Reduced major coronafy events 
(may be increased in myopathy; unexplained severe hepatic disease 
patients with high TG) 

HDL ‘t’ lo%-20% 
non-CHD deaths in 
WHO study 

TG 120%~50% 

*HMG-COA indicates 3-hydro~-3-methylglutaryl coenzyme A; LDL, low-density lipoprotein; HDL, highzdensity lipoprotein; TG, triglycerides; J, decrease; T, increase; and CHD, 
coronary heart disease. 

tlovastatin (20-80 mg):pravastatin (20-40 mg), simvastatin (20-80 mg), flwastatin (20-80 mg), atorvastatin (IO-80 mg), and cerivastatin (0.4-0.8 mg). 
$Cholestyramine (4-16 g), colestipol (5-20 g), and colesevelam (2.6-3.8 g). 
§Cyclosporine, macrolide antibiotics, various antifungal agents, and oytochrome P-450 inhibitors (fibrates and niacin should be used with appropriate caution). 
I/Immediate-release (crystalline) nicotinic acid (1.5-3 g), extended-rdease niootinic acid (I-2 9). and sustained-release nicotinic acid (l-2 g). 
flGemfibrozil(600 mg twice daily), fenofibrate (203 mg), and clofibrate (loo0 mg twice daily). 
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Figure 2. Progression of Drug Therapy in Primary Prevention 

Initiate LDL-Lowering If LDL Goal Not If LDL Goal Not Even/ 
Drug Therapy 6 Achieved, 6 4-6 

Monitor Response 

Weeks 
and Adherence 

Intensify LDL- Weeks 
Achieved, Intensify 
Drug Therapy or Months to Therapy 

---+ Lowering Dtig - Refer to a Lipid - 
Therapy Spaciallst 

, I / I 1 I 1 

Start Statin 
M 

Bile Acid 
Secwstrant 

Consider Higher 
Dose of Statin 

or 
Add Bile Acid 

If LDL Goal Achieved, 
Treat Other Lipid 
Risk Factors 

or Sequastrant or 
Nicotinic Acid Nicotinic Acid 

LDL indicates low-density lipoprotein. 

therapies are shown in Table 5. Most 
patients with CHD will need LDL- 
lowering drug therapy. Other lipid risk 
factors may also warrant consider- 
ation of drug treatment. Whether or not 
lipid-modifying drugs are used, non- 
lipid risk factors require attention and 
favorable modification. 

In patients admitted to the hospital 
for a major coronary event, LDL cho- 
lesterol should be measured on admis- 
sion or within 24 hours. This value can 
be used for treatment decisions. In gen- 
eral, persons hospitalized for a coro- 
nary event or procedure should be dis- 
charged on drug therapy if the LDL 
cholesterol is 2 130 mg/dL. If the LDL 
is loo-129 mg/dL, clinical judgment 
should be used in deciding whether to 
initiate drug treatment at discharge, rec- 
ognizing that LDL cholesterol levels be- 
gin to decline in the first few hours af- 
ter an event and are significantly 
decreased by 24 to 48 hours and may 
remain low for many weeks. Thus, the 
initial LDL cholesterol level obtained 
in the hospital may be substantially 
lower than is usual for the patient. Some 
authorities hold that drug therapy 
should be initiated whenever a patient 
hospitalized for a CHD-related illness 
is found to have an LDL cholesterol 
> 100 mg/dL. Initiation of drug therapy 
at the time of hospital discharge has 2 
advantages. First, at that time patients 
are particularly motivated to under- 
take and adhere to risk-lowering inter- 
ventions; and second, failure to ini- 
tiate indicated therapy early is one of 
the causes of a large “treatment gap,” 
because outpatient follow-up is often 
less consistent and more fragmented. 

2492 JAMA, May 16, 2001-Vol285, No. 19 

LDL-Lowering Drug Therapy 
for Primary Prevention 
Table 5 shows the cutpoints for con- 
sidering drug treatment in primary pre- 
vention The general approach to man- 
agement of drug therapy for primary 
prevention is outlined in FIGURE 2. 

When drug therapy for primary pre- 
vention is a consideration, the third visit 
of dietary therapy (see Figure 1) will 
typically be the visit to initiate drug 
treatment. Even if drug treatment is 
started, TLC should be continued. As 
with TLC, the first priority of drug 
therapy is to achieve the goal for LDL 
cholesterol. For this reason, an LDL- 
lowering drug should be started. The 
usual drug will be a statin, but altema- 
tives are a bile acid sequestrant or nico- 
tinic acid. In most cases, the statin 
should be started at a moderate dose. 
In many patients, the LDL cholesterol 
goal will be achieved, and higher doses 
will not be necessary. The patient’s re- 
sponse should be evaluated about 6 
weeks after starting drug therapy. If the 
goal of therapy has been achieved, the 
current dose can be maintained. How- 
ever, if the goal has not been achieved, 
LDL-lowering therapy can be intensi- 
fied, either by increasing- the dose of 
statin or by combining a statin with a 
bile acid sequestrant or nicotinic acid. 

After 12 weeks of drug therapy, the 
response to therapy shpuld again be as- 
sessed. If the LDL cholesterol goal is still 
not achieved, consideration can be 
given to further intensification of drug 
therapy. If the LDL goal cannot be at- 
tained by standard lipid-lowering 
therapy, consideration should be given 
to seeking consultation from a lipid spe- 

cialist. Once the goal for LDL choles- 
terol has been attained, attention can 
turn to other lipid risk factors and non- 
lipid factors, Thereafter, patients can be 
monitored for response to therapy ev- 
ery 4 to 6 months, or more often if con- 
sidered necessary. 

BENEFIT BEYOND LDL 
LOWERING: THE METABOLIC 
SYNDROME AS A SECONDARY 
TARGET OF THERAPY 
Evidence is accumulating that risk for 
CHD can be reduced beyond LDL- 
lowering therapy by modification of 
other risk factors. One potential sec- 
ondary target of therapy is the meta- 
bolic syndrome, which represents a 
constellation of lipid and nonlipid risk 
factors of metabolid origin. This syn- 
drome is closely linked to a general- 
ized metabolic disorder called insulin 
resistance in which the normal actions 
of insulin are impaired. Excess body fat 
(particularly abdominal obesity) and 
physical inactivity promote the devel- 
opment of insulin resistance, but some 
individuals also are genetically predis- 
posed to insulin resistance. 

The risk factors of the metabolic syn- 
drome are highly concordant; in aggre- 
gate they enhance risk for CHD at any 
given LDL cholesterol level. For pur- 
poses of ATP III, the diagnosis of the 
metabolic syndrome is made when 3 or 
more of the risk determinants shown 
in TABLE 8 are present. These determi- 
nants include a combination of cat- 
egorical and borderline risk factors that 
can be readily measured in clinical 
practice. , 

Management of the metabolic syn- 
drome has a 2-fold objective: (1) to re- 
duce underlying causes (ie, obesity and 
physical inactivity) and (2) to treat 
associated nonlipid and lipid risk 
factors. 

Management of Underlying Causes 
of the Metabolic Syndrome 
First-line therapies for all lipid and non- 
lipid risk factors associated with the 
metabolic syndrome are weight reduc- 
tion and increased physical activity, 
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which ~$1 effectively reduce all of these 
risk factors. Therefore, after appropri- 
ate control of LDL cholesterol, TLC 
should stress weight reduction and 
physical activity if the metabolic syn- 
drome is present. 

.Weight Control. In ATP III over- 
weight and obesity are recognized as 
major, tinderlying risk factors for CHD 
and identified as direct targets of inter- 
vention. Weight reduction will en- 
hance LDL lowering and reduce all 
of the risk factors of the metabolic 
syndrome. The recommended ap- 
proaches for reducing overweight and 
obesity are contained in the clinical 
guidelines of the Obesity Education Ini- 
tiatiqe. 

Physical Activity. Physical inactivity 
is likewise a major, underlying risk fac- 
toi’ for CHD. It augments the lipid and 
nonlipid risk factors of the metabolic 
syndrome.‘It further may enhance risk 
by impairing cardiovascular fitness and 
coronary blood flow. Regular physical 
activity reduces very low-density lipo- 
protein (VLDL) levels, raises HDL cho- 
lesterol, and in some persons, lowers 
LDL levels: It also can lower blood pres- 
sure, reduce insulin resistance, and fa- 
vorably influence cardiovascular func- 
tion. Thus, ATP III recommends that 
regulak physical activity become a rou- 
tine component in management of high 
serum cholesterol. The evidence base 
for chip recommendation is contained 
in the US Surgeon General’s Report on 
Phjrsical Activity. 

i 

Specific Treatment of Lipid 
and Nonlipid Risk Factors 
Beyond the underlying risk factors, 
therapies directed against the lipid and 
nonlipid risk factors of the metabolic 
syndrome will reduce CHD risk. These 
include treatment of hypertension, use 
of aspirin in patients with CHD to re- 
duce the prothrombotic state (guide- 
linesfor aspirin use in primary preven- 
tion have not been firmly established), 
and treatment of elevated triglycer- 
ides atid low HDL cholesterol as dis- 
cussed below under “Managerflent of 
Specific Dyslipidemias.” 

SPECIAL ISSUES 
Management of Specific 
Dyslipidemias 
Very High LDL Cholesterol (2190 
rng/dL). Persons with very high LDL cho- 
lesterol usually have genetic forms of 
hypercholesterolemia: monogenic famil- 
ial hypercholesterolemia, familial defec- 
tive apolipoprotein B, and polygenic hy- 
percholesterolemia. Early detection of 
these disorders through cholesterol test- 
ing in young adults is needed to pre- 
vent premature CHD. Family testing 
is important to identify similarly 
affected relatives. These disorders often 
require combined drug therapy 
(statin+ bile acid sequestrant) to achieve 
the goals of LDL-lowering therapy. 

Elevated Serum Triglycerides. Recent 
meta-analyses ofprospective studies indi- 
cate that elevated triglycerides are also 
an independent risk factor for CHD. Fac- 
tors contributing to elevated (higher than 
normal) triglycerides in the general popu- 
lation include obesity and overweight, 
physical inactivity, cigarette smoking, 
excess alcohol intake, high-carbohy- 
drate diets (>60% of energy intake), sev- 
eral diseases (eg, type 2 diabetes, chronic 
renal failure, nephrotic syndrome), cer- 
tain drugs (eg, corticosteroids, estro- 
gens, retinoids, higher doses of P-adren- 
ergic blocking agents), and genetic 
disorders (familial combined hyperlip- 
idemia, familial hypenriglyceridemia, and 
familial dysbetalipoproteinemia). 

In clinical practice, elevated serum 
triglycerides are most often observed in 
persons with the metabolic syndrome, 
although secondary or genetic factors 
can heighten triglyceride levels. ATP III 
adopts the following classification of se- 
rum triglycerides: 

l Normal triglycerides: cl50 m&IL 
l Borderline-high triglycerides: 

150-199 mg/dL 
l High triglycerides: 200-499 rng/dL 
l Very high triglycerides: 

500 mg/dL 
(To convert triglyceride values to 

mmoVL, divide by 88.6.) 
The finding that elevated triglycerides 

are an independent CHD risk factor sug- 
gests that some triglyceride-rich lipopro- 
teins areatherogenic. The latter are par- 

tially degraded VLDL, commonly called 
remnant lipoproteins. In clinical practice, 
VLDLcholesterol is the most readilyavail- 
able measure of atherogenic remnant 
lipoproteins. Thus, VLDL cholesterol 
can be a target of cholesterol-lowering 
therapy. ATP III identifies the sum of 
LDL+VLDL cholesterol (termed non- 
HDL cholesterol [total cholesterol- HDL 
cholesterol]) as a secondary target of 
therapy in persons with high triglycer- 
ides (2200 mg/dL). The goal for non- 
HDL cholesterol in persons with high se- 
rum triglycerides can be set at 30 mg/dL 
higher than that for LDL cholesterol 
(TABLE 9) on the premise that a VLDL 
cholesterol level 130 mg/dL is normal. 

The treatment strategy for elevated tri- 
gIycerides depends on the causes of the 
elevation and its severity. For all persons 

Table 8. Clinical identification of the 
Metabolic Syndrome 

Risk Factor Defining Level 
l Abdominal obesity* 

(waist circumference)t 
Men >I02 cm (>40 in) 
Women >88 cm (~35 in) 

l Triglycerides 2 150 mg/dL 
l High-density lipoprotein 

cholesterol 
Men (40 mg/dL 
Women <50 mg/dL 

l Blood pressure z130/?85 mm Hg 
l Fasting glucose 21 IO mg/dL 
‘Overweight and obesity are associated with insulin re- 

sistance and the metabolic syndrome. However, the 
presence of abdominal obesity is more highly corre- 
lated with the metabolic risk factors than is an elevated 
body mass index @f&). Therefore, the simple miasure 
of waist circumference is recommended to identii the 
body weight component of the metabolic syndrome. 

@ome male patients can develop multiple metabolic riik 
factors when the waist circumference is only margin- 
ally increased, eg. 94-102 cm (37-40 in). Such pa- 
tients may have strong genetic contribution to insulin 
resistance and they should benefit from changes in lie 
habiis, similartyto men with catagoriti increases in waist 
circumference. 

Table 9. Comoarison of LDL Cholesterol 
and Non-HDL ‘Cholesterol Goals for 3 Risk 
Categories* 

LDL Non-HDL 
Goal Goal 

Risk Category (mg/dL) (mg/dL) 
CHD and CHD <loo Cl30 

risk equivalent 
(1 O-year risk for 
CHD >20%) 

Multiple (2+) risk factors 1130 <160 
and 1 O-year risk 520% 

O-l Risk factor Cl60 Cl90 
*LDL indicates low-density lipoprotein; HDL, high- 

density lipoprotein: and CHD, coronary heart disease. 
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with borderline high or high triglycer- 
ides, the primary aim of therapy is to 
achieve the target goal for LDL &oles- 
terol. When triglycerides are borderline 
high (150-199 mg/dL), emphasisshould 
also be placed on weight reduction and 
increased physical activity. For high tri- 
glycerides (200-499 mg/dL), non-HDL 
cholesterol becomes a secondary target 
of therapy. Aside from weight reduction 
and increased physical activity, drug 
therapy can be considered in high-risk 
persons to achieve the non-HDL choles- 
terol goal. There are 2 approaches to drug 
therapy. First, the non-HDLcholesterol 
goal can be achieved by intensifying 
therapywithanLDL-lowering drug; sec- 
ond, nicotinic acid or fibrate can be 
added, if usedwithappropr-iate caution, 
to achieve thenon-HDL cholesterolgoal 
by further lowering VLDL cholesterol. 
In rare cases in which triglycerides are 
very high (2500 mg/dL), the initial aim 
of therapy is to prevent acute pancreati- 
tis through triglyceride lowering. This 
approach requires very low-fat diets 
(5 15% of calorie intake), weight reduc- 
tion, increased physical activity, and usu- 
ally a triglyceride-lowering drug (fibrate 
or nicotinic acid). Only after triglycer- 
ide levels have been lowered to ~500 mg/ 
dL should attention turn to LDL lower- 
ing to reduce risk for CHD. 

Low HDL Cholesterol. Low HDL cho- 
lesterol is a strong independent predic- 
tor of CHD. In ATP III, low HDL cho- 
lesterol is defined categorically as a level 
~40 mg/dL, a change from the level of 
<35 mg/dL in ATP II. In the present 
guidelines, low HDL cholesterol both 
modifies the goal for LDL-lowering 
therapy and is used as a risk factor to 
estimate lo-year risk for CHD. 

Low HDL cholesterol levels have sev- 
eral causes, many of which are associ- 
ated with insulin resistance, ie, elevated 
triglycerides, overweight and obesity, 
physical inactivity, and type 2 diabe- 
tes. Other causes are cigarette smok- 
ing, very high carbohydrate intakes 
(>60% of calories), and certain drugs 
(eg, P-blockers, anabolic steroids, pro- 
gestational agents). 

ATP III does not specify a goal for HDL 
raising. Although clinical trial results sug- 

2494 JAMA, May 16,2001-Vol285, No. 19 

gest that raising HDLwill reduce risk, the 
evidence is insufficient to specify a goal 
of therapy. Furthermore, currently avail- 
able drugs do not robustly raise HDL cho- 
lesterol. Nonetheless, a 10~ HDL should 
receive clinical attention and manage- 
ment according to the following 
sequence. In all persons with low HDL 
cholesterol, the primary target of therapy 
is LDL cholesterol; ATP III guidelines 
should be followed to achieve the LDL 
cholesterol goal. Second, after the LDL 
goal has been reached, emphasis shifts 
to weight reduction and increased physi- 
cal activity (when the metabolic syn- 
drome is present). When a low HDL 
cholesterol is associated with high tri- 
glycerides (200-499 mg/dL), secondary 
priority goes to achieving the non-HDL 
cholesterol goal, as outlined earlier. Also, 
if triglycerides are ~200 mg/dL (iso- 
lated low HDL cholesterol), drugs for 
HDL raising (fibrates or nicotinic acid) 
can be considered; however, treatment 
for isolated low HDL is mostly reserved 
for persons with CHD and CHD risk 
equivalents. 

Diabetic Dyslipidemia. This disorder 
is essentially atherogenic dyslipidemia in 
persons with type 2 diabetes. Although 
elevated triglycerides, low HDL choles- 
terol, or both are common in persons 
with diabetes, clinical trial results sup- 
port the identification of LDL choles- 
terol as the primary target of therapy, as 
it is in those without diabetes. Since dia- 
betes is designated a CHD risk equiva- 
lent in ATP III, the LDL cholesterol goal 
of therapy for most persons with diabe- 
tes will be cl00 mg/dL. Furthermore, 
when LDL cholesterol is z-130 mg/dL, 
most persons with diabetes will require 
initiation of LDL-lowering drugs simul- 
taneously with TLC to achieve the LDL 
goal. When LDL cholesterol levels are in 
the range of 100-129 mg/dL at baseline 
or on treatment, several therapeutic op- 
tions are available: increasing intensity 
of LDL-lowering therapy, adding a drug 
to modify atherogenic dyslipidemia (fi- 
brate or nicotinic acid), or intensifying 
control of other risk factors including hy- 
perglycemia. When triglyceride levels are 
2200 mg/dL, non-HDL cholesterol be- 
comes a secondary target of cholesterol- 

lowering therapy. Several ongoing clini 
cal trials (eg, Antihypertensive and Lipic 
Lowering Heart Attack Trial [ALLHAT] : 
will better quantify the magnitude of the 
benefit of LDL-lowering treatment ir 
older individuals with diabetes. In oldel 
persons (265 years) with diabetes bu, 
no additional CHD risk factors other thar 
age, clinical judgment is required for how 
intensively to apply these guidelines 
A variety of factors, including concomi. 
tant illnesses, general health status, ant 
social issues, may influence treatmen 
decisions and may suggest a more con 
servative approach. 

Special Considerations for 
Different Population Groups 
Middle-Aged Men (35-65 Years). In gen- 
eral, men have a higher risk for CHD thar 
do women. Middle-aged men in particu- 
lar have a high prevalence of the majol 
risk factors and are predisposed to ab- 
dominal obesity and the metabolic syn- 
drome. A sizable fraction of all CHD in 
men occurs in middle age. Thus, many 
middle-aged men carry a relatively high 
risk for CHD, and for those who do, in- 
tensive LDL-lowering therapy is needed. 

Women Aged 45-75 Years. In women. 
onset of CHD generally is delayed by 
some 10 to 15 years compared with that 
in men; thus, most CHD in women oc- 
curs after age 65 years. All risk factors 
contribute to CHD in women, and most 
premature CHD in women (<65 years) 
occurs in those with multiple risk fac- 
tors and the metabolic syndrome. De- 
spite the previous belief that the sex 
difference in risk for CHD reflects a pro- 
tective effect of estrogen in women, re- 
cent secondary and primary preven- 
tion trials cast doubt on the use of 
hormone replacement therapy to re- 
duce CHD risk in postmenopausal 
women. In contrast, the favorable ef- 
fects of statin therapy in women in clini- 
cal trials make a cholesterol-lowering 
drug preferable to hormone replace- 
ment therapy for CHD risk reduction. 
Women should be treated similarly to 
men for secondary prevention. For pri- 
mary prevention, ATP III’s general ap- 
proach is similarly applicable for 
women and men. However, the later on- 
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Table IO. Interventions to improve 

remember treatment regimens 
l Use systems to reinforce adherence and 

Adherence 

maintain contact with the patient 
l Encourage the support of family and friends 
l Reinforce and reward adherence 

Focus on the Patient 

l increase visits for patients unable to achieve 

l Simplify medication regimens 

treatment goal 
l Increase the convenience and access to care 
l Involve patients in their care through 

l 

self-monitoring 

Provide explicit patient instruction and use good 
counseling techniques to teach the patient how 
to follow the prescribed treatment 

l Encourage the use of prompts to help patients 

Focus on the Physician and Medical Office 

l Teach physicians to implement lipid treatment 
guidelines 

l Use reminders to prompt physicians to attend 
to lipid management 

l Identify a patient advocate in the office to help 
deliver or prompt care 

l Use patients to prompt preventive care 
l Develop a standardized treatment plan to 

structure care 
. Use feedback from past performance to foster 

change in future care 
l Remind patients of appointments and follow up 

missed appointments 

Focus on the Health Delivery System 

l Provide lipid management through a lipid clinic 
l Utilize case management by nurses 
l Deploy telemedicine 
l Utilize the collaborative care of pharmacists 
l Execute critical care pathways in hospitals 

set of CHD for women in general should 
be factored into clinical decisions about 
use of cholesterol-lowering drugs. 

Older Adults (Men 26.5 Years and 
Women 275 Years). Overall, most new 
CHD events and most coronary deaths 
occur in older persons (265 years). A 
high level of LDL cholesterol and low 
HDL cholesterol still carry predictive 
power for the development of CHD in 
older persons. Nevertheless, the find- 
ing of advanced subclinical atheroscle- 
rosis by noninvasive testing can be help- 
ful for confirming the presence of high 
risk in older persons. Secondary pre- 
vention trials with statins have in- 
cluded a sizable numbei of older per-’ 
sons, mostly in the age range of 65 to 
75 years. In these trials, older persons 
showed significant risk reduction with 
statin therapy. Thus, no hard-and-fast 
age restrictions appear necessary when 
selecting persons with established CHD 
for LDL-lowering therapy. For pri- 

Younger Adults (Men 20-35 Years; 
Women 20-45 Years). In this age group, 

mary prevention, TLC is the first line 

CHD is rare except in those with se- 
vere risk factors, eg, familial hypercho- 

of therapy for older persons. How- 

lesterolemia, heavy cigarette smoking, 
or diabetes. Even though clinical CHD 

ever, LDL-lowering drugs can also be 

is relatively rare in young adults, coro- 
nary atherosclerosis in its early stages 

considered when older persons are at 

may progress rapidly. The rate of devel- 
opment of coronary atherosclerosis ear- 
lier in life correlates with the major risk 
factors. In particular, long-term pro- 

higher risk because of multiple risk fac- 

spective studies reveal that elevated se- 
rum cholesterol detected in young adult- 

tors or advanced subclinical athero- 

hood predicts a higher rate of premature 
CHD in middle age. Thus, risk factor 

sclerosis. 

identification in young adults is an im- 
portant aim for long-term prevention. 
The combination of early detection and 
early intervention on elevated LDL cho- 
lesterol with life-habit changes offers the 
opportunity for delaying or preventing 
onset of CHD later in life. For yotmg 
adults with LDL cholesterol levels of 
~130 mg/dL, TLC should be instituted 
and emphasized. Particular attention 
should be given to young men who 
smoke and have a high LDL choles- 
terol (160-189 mg/dL); they may be can- 
didates for LDL-lowering drugs. When 
young adults have very high LDL cho- 
lesterol levels (2190 mg/dL), drug 
therapy should be considered, as in other 
adults. Those with severe genetic forms 
of hypercholesterolemia may require 
LDL-lowering drugs in combination (eg, 
statin+bile acid sequestrant). 

Racial and Ethnic Groups. African 
Americans have the highest overall 
CHD mortality rate and the highest out- 
of-hospital coronary death rates of any 
ethnic group in the United States, par- 
ticularly at younger ages. Although the 
reasons for the excess CHD mortality 
among African Americans have not 
been fully elucidated, it can be ac- 
counted for, at least in part, by the high 
prevalence of coronary risk factors. Hy- 

pertension, left ventricular hypertro- 
phy, diabetes mellitus, cigarette smok- 
ing, obesity, physical inactivity, and 
multiple CHD risk factors all occur 
more frequently in African Americans 
than in whites. Other ethnic groups and 
minority populations in the United 
States include Hispanics, Native Ameri- 
cans, Asian and Pacific Islanders, and 
South Asians. Although limited data 
suggest that racial and ethnic groups 
vary somewhat in baseline risk for 
CHD, this evidence did not appear 
sufficient to lead the ATP III panel to 
modify general recommendations 
for cholesterol management in these 
populations. 

ADHERENCE TO 
LDL-LOWERING THERAPY 
Adherence to the ATP III guidelines by 
both patients and providers is a key to 
approximating the magnitude of the 
benefits demonstrated in clinical tri- 
als of cholesterol lowering. Adher- 
ence issues have to be addressed to at- 
tain the highest possible levels of CHD 
risk reduction. Thus, ATP III recom- 
mends the use of state-of-the-art mul- 
tidisciplinary methods targeting the pa- 
tient, clinicians, and health delivery 
systems to achieve the full population 
effectiveness of the guidelines for 
primary and secondary prevention 
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APPENDIX 

Shared Features of ATP III and ATP II 

Adult Treatment Panel (ATP) III shares a set of core features with ATP II, 
shown in Table A. 

Table A. Shared Features of ATP III and ATP II* 

l Continued identification of LDL cholesterol lowering as the primary goal of therapy 
l Consideration of high LDL cholesterol (~160 mg/dL) as a potential target for LDL-lowering 

drug therapy, specifically as follows: 
For persons with multiple risk factors whose LDL levels are high (~160 mg/dL) after 

dietary therapy, consideration of drug therapy is recommended 
For persons with O-1 risk factor, consideration of drug therapy (after dietary therapy) is 

optional for LDL 160-l 89 mg/dL and recommended for LDL 2190 mg/dL 
l Emphasis on intensive LDL-lowering therapy in persons with established CHD 
l Identification of 3 categories of risk for different LDL goals and different intensities of 

LDL-lowering therapy: 
CHD and CHD risk equivalentst (other forms of clinical atherosclerotic disease) 
Multiple (2+) risk factors$ 
O-l risk factor 

l Identification of subpopulations, besides middle-aged men, for detection of high LDL 
cholesterol (and other lipid risk factors) and for clinical intervention. These include: 

Young adults 
Postmenopausal women 
Older persons 

l Emphasis on weight loss and physical activity to enhance risk reduction in persons with 
elevated LDL cholesterol 

*AlF indicates Adult Treatment Panel: LDL, low-density lipoprotein; and CHD, coronary heart disease. 
tA CHD risk equivalent is a condition that carries an absolute risk for developing new CHD equal to the risk for 

having recurrent CHD events in persons with established CHD. 
*Risk factors that continue to modify.the LDL goal include cigarette smoking, hypertension, low HDL choies- 

terol, family history of premature CHD, age (male 245 years and female 255 years), and diabetes (in ATP 
Ill diabetes is regarded as a CHD nsk equivalent). 

Estimating lo-Year Risk for Men and Women 
Risk assessment for determining the lo-year risk for developing CHD is 
carried out using Framingham risk scoring (Table Bl for men and Table 
B2 for women). The risk factors included in the Framingham calculation 
of lo-year risk are age, total cholesterol, HDL cholesterol, systolic blood 
pressure, treatment for hypertension, and cigarette smoking. The first step 
is to calculate the number of points for each risk factor. For initial assess- 
ment, values for total cholesterol and HDL cholesterol are required. Be- 
cause of a larger database, Framingham estimates are more robust for to- 
tal cholesterol than for LDL cholesterol. Note, however, that the LDL 
cholesterol level remains the primary target of therapy. Total cholesterol 
and HDL cholesterol values should be the average of at least 2 measure- 
ments obtained from lipoprotein analysis. The blood pressure value used 
is that obtained at the time of assessment, regardless of whether the per- 
son is on antihypertensive therapy. However, if the person is on antihy- 
pertensive treatment, an extra point is added beyond points for the blood 
pressure reading because treated hypertension carries residual risk (Tables 
B 1 and B2). The average of several blood pressure measurements, as rec- 
ommended by the Joint National Committee (JNC), is needed for an ac- 
curate measure of baseline blood pressure. The designation “smoker” means 
any cigarette smoking in the past month. The total risk score sums the 
points for each risk factor. The lo-year risk for myocardial infarction and 
coronary death (hard CHD) is estimated from total points, and the person 
is categorized according to absolute lo-year risk as indicated above (see 
Table 5). 
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Table Bl. Estimate of Xl-Year Risk for Men 
(Framingham Point Scores) 

Age, Y Points 

20-34 -9 
35-39 -4 
40-44 0 

45-49 50-54 : 
55-59 8 
60-64 10 
65-69 11 
70-74 12 
75-79 13 

Points 
Total I I 

Cholesterol, Age Age 
mg/dL 

Age Age 
20-39~ 40-49~ 50-59~ 

Age ’ 
60-69y 70-79~ 

~160 0 
160-199 : 3” 2” 1 i 
200-239 3 1 0 
240-279 9' : 4 E 1 

2280 11 8 5 1. 

Points 
I I 

Age Age Age Age Age 
20-39~ 40-49~ 50-59 y 60-69y 70-79~ 

Nonsmoker 
Smoker 8” : z 

0 0 
1 1 

HDL, mg/dL 

260 

Points 

-1 
50-59 0 

40-49 <40 : 

Systolic BP, mm Hg If Untreated If Treated 

<120 0 
120-129 00 1 

130-139 1 140-159 1 s 
2160 2 3 

Point Total 1 O-Year Risk, % 

-co Cl 
0 1 
1 1 

; i 
z 1 

6 .2' 

li 4" 

lo" i :: 
;: .a . 

.I?" 13 ' i.. ,-, .: 
1 1 

j2; 

Table 82. Estimate of IO-Year Risk for Women 
(Framingham Point Scores) 

Age, Y 
20-34 
35-39 
40-44 
45-49 
50-54 
55-59 
60-64 
65-69 
70-74 
75-79 

Points 

-7 
-3 

0 

i 
8 

10 

Points 
Total I 

Cholesterol, Age Age: Age Ane Aae ’ 
mg/dL 20-39~ 40-49~ 50-59 ly 60-69~ 70-79~ 
~160 0. 0 0 0 

160-199 30 2 1 
200-239 : : 4 z 1' 
240-279 11 5 2 

~280 13 10 7 4 2 

Points 
r I 

Age Age Age Age Age 
20-39~ 40-49 y 50-59 y 60-69y 70-79~ 

Nonsmoker 0 0 0 
Smoker 9” 7 4 20 1 

HDL, mg/dL 

'60 
50-59 
40-49 
<40 

Points 

-1 
0 
1 
2 

Systolic BP, mm Hg If Untreated If Treated 

Cl20 0 
120-129 

: 
z 

130-139 4 

140-159 ~160 : 6" 

Point Total 

<9 
9 

10 

1 O-Year Risk, % 

il 
1 
*I 

11 1 
12 
13 : 
14 

;: 
E 
4 

17 
18 

:?I 

5 

8” 
11 
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PLANT STEROLS N HETEROZYGOIJS PHYTOSTEROLAEMIA 165 

Table 2 Plasma total cholesterol and plant sterol in heterozygous subjects consuming mayarine enriched in plant sterols 

Father 
Start run-in 
Start (0) 
T = 1 week 
T=2 week 
T = 3 weeks 
T = 4 weeks 
After 2 weeks 

washout 

Mother 
Start run-in 
Start (0) 
T = 1 week 
T= 2 weeks 
T = 3 weeks 
T = 4 weeks 
After 2 weeks 

washout. 

Cholesterol 

mM o/ change 

S.50 - 
8.46 0.0 
i.59 -10.3 
7.41 -12.4 
7.67 -9.3 
t.53 -11.0 

i.S8 -6.9 

6.17 - 
6.19 0.0 
5.36 -13.4 
5.25 -15.2 
5.56 -10.2 
5.46 -11.8 

5.81 -6.1 

Campesterol Stigmasterol Sitosterol 
(PM) MU (PM) 

9.80 1.10 11.15 
12.25 1.35 12.90 
22.35 1.30 li.15 
27.20 1.25 li.60 
37.80 2.00 23.45 
34.25 1.60 20.10 

16.50 l.TO 14.00 

8.35 0.50 10.70 
9.15 0.00 10.60 

13.85 1.20 12.25 
16.80 1.30 13.35 
15.75 1.35 11.65 
19.25 1.60 15.20 

10.50 0.50 10.55 

Total plant sterols 

PM o/v change %, total sterols 

32.05 0.2h 
26.50 0 0.31 
40x0 54 0.62 
46.05 i4 0.65 
63.25 139 0.82 
55.95 111 0.74 

* 32.20 22 0.41 

19.55 - 0.32 
lV.iS 0 0.32 
27.30 38 0.51 
31.45 58 0.60 
28.75 46 0.51 
36.05 83 0.66 

21.55 9 0.37 

plant sterol-enriched margarine (Table 1). This was 
mainly due to changes in LDL cholesterol. whereas 
the other lipoproteins, including Lp(a) were unaffec- 
ted. The decrease in apoB was in the same order as 
that in serum cholesterol. Total plant sterol levels 
increased maximally 139% from 0.31 to 0.82% of 
total sterols in the father. and maximally 83% from 
0.32 to 0.66% of total sterols in the mother 
(Table 2). After 3 weeks of consumption of plant 
sterols. their blood levels seemed to have reached 
equilibrium with no further increase. In 33 healthy 
control subjects. fasting plasma campesterol levels on 
their normal diet ranged from 3.8 to 24.2 l.irnol L-’ 
(mean 13.1) and plasma sitosterol from 2.1 to 
16.5 pmol L-’ (mean 8.9). 

Discussjon , 
Daily intake of plant sterol-enriched, margarine 
lowered blood total cholesterol levels in the subjects 
heterozygous for phytosterolaemia by an average of 
10.2 and 11.0%. respectively (average of weeks 3 
and 4). This is in accordance with what has been 
reported earlier in normal and hypercholesterolae- 
mic subjects [5. lo]. Of importance in this study was 
that an intake of around 3 g day-’ of plant sterols 
in the heterozygotes did not increase campesterol 
or sitosterol levels in blood to levels higher than 
reported in normal subjects consuming similar 

margarine [ll. 121. In addition. the increase in 
blood plant sterols observed in the two heterozygotes 
was slightly higher than observed in our healthy 
subjects on a normal diet and was less than 1% of 
blood total sterols. After 3 weeks of a steady 
consumption of plant sterols. blood levels of the 
subjects seemed to have reached equilibrium with- 
out further increase. but long-term follow-up studies 
are necessary to confirm this. 

In conclusion. plant sterol-enriched margarine 
appears to be as efficacious in reducing cholesterol in 
subjects heterozggous for phytosterolaernia as in 
normal or hyperlipidaemic subjects. without strong 
accumulation of plant sterols in their plasma. As 
pointed out by Law [13]. consumption of marga- 
rines containing plant sterols as well as stanols can 
be expected to reduce the risk of heart disease of 
about 25%. 
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P265 
GENOTY-PING IS A VALUABLE DIAGNOSTIC COMPLEMENT TO NEONATAL 
SCREENING FOR CONGENITAL ADRENAL HYPERPLASIA DUE TO STEROID 
21 -HYDROXYLASE DEFICIENCY. 

Anna Nordenstrlim, As&id Thiltn, Lars Hagenfeldt’, Agne Larsson, Anna Wedell** 
Dept of Pediatrics and *PKU screening laboratory, Huddinge University Hospital. **Dept of 
Molecular Medicin, Karolinska Hospital. Karolinska Institute, Sweden.. 

Screening for congenital adrenal hyperplasia (CAHJ started in Sweden in 1986.17-Hydroxy- 
progesterone (17-OHP) analyzed in filter paper bloodspots is used as a marker for the disease. More 
than 95% of the patients have 21 -hydroxylase deficiency and the molecular genetics have been 
extensively studied. There are good genotype-phenotype correlations with very few exceptions. 
In this study we have compared the 17-OHP screening value to the genotype for,sP infants with CAH. 
21-Hydroxylase mutation analysis was carried out with allele specific PCR. Overall, we found good 
conelations between the genotypic groups and the screening values. However, a single screening value 
for 17-OHP can not be used to predict the severity of a childs disease. In addition, for 8% of the infants 
with false positive tests the diagnose could not be excluded on the basis of a second sample, ie they 
had inconclusive screening results. 
We conclude that genotyping is a valuable complement to screening for CAH both for prediction of 
clinical manifestations and for confirmation or exclusion of the diagnose in unclear cases with 
inconclusive screening results. 

P266 
ASSJ!%MENT OF STEROLTURNOVER IN A CIIILD WiTH PIiYTOSTEROLFZMU 

Berthdd Kolcoho, Etns Demmdmair, Katirina Dokoopll 
tinderpoiiklir& Ludwig-Maximilians-Univemity of Munich, Pcttcnkoferstr. &, D-80336 MUnchen, Germany 

Background: In pttytosterokmin ccumulatiqn of plant stemls in plasma and tissuce ia associated with scvw 
prumnturc atbnmclcrosia, but the relative connibuticns 6f enhanced abborpt;cm or reduced bi1i.q excztion arc 
controversial. We studied stem1 turnover with stable isotope methods. Patient nod method: We diqnosod 
phytoftetolemia in a 4 par old girl prrviously considend M hypar~hohterol~mh, based on early w~thomas, 
mild splmic enlargement, hemolysis aad tbmmbopmia Plasma pb+starol c~ncentmtions m markedly 
elevated. At age 6 ITS. 3 mon. phytosterolcmia turnover ~49 ssnesscd following a baseline period of 4 we& 
without drugs and a diea with all plant oil from sunflow~ oil (C3 plant) and no corn (Cd plant naturally enriched 
in “C) or corn products (e.g. corn flakes, starch, oil). Than the child was admitted as m inpatient and a balance 
study was performed over one week with a strictly controlled diet based on corn oil, with an average daily 
phytosterol intake of 445 mg from cam oil and 96 mg fmm C3 plant oil. Fasted pls~na samples were obtain& 
in the morninge of study days 0 through 6 for measurcmcnLI of phytostcrol conantr&ons @C-MS) and ‘?I- 
cntichmcncs ((XXXRh4S). Raw We determined lower natural “C-enrichments of phytostcmls in sun- 
fhvn than in corn oil (S”C of aunpestcroI -29.6 vii. -17.3 */o, sitostmol -29.9 VII. -16.1 */, stigmasteml - 
32.3 vs. -2O.t ‘7-J On day 6 delta DVCT baseline values (DOB) had remained unchanged for plasma cholernaol 
but wore increased for campcatwol (DOB +I.05 “I& shosteroi (DOB +1.32 “loo) and stigmastcrol (DOB +332 
%). We estimate the contribution of absorbed dinary stcmls to the plasma pool with a stable isotope balance 
equation as 7.9 % for campesaml (oil content 179 mp/l Dog), 9.1 % for sirostarol~S95 ms/l OOg) and 26 % for 
hmastwi (51 mdlO0 g). Co~duaions: 1. Using GC-C-II&G, small varitions in nutural ‘3C-enrichmonts of 
foods can be utilized for monitoring st1~01 absorption. 2. Absorptiod is unevenly enhanced for different srcrois. 
With a particnlrty high ention of still in our patient. 3. Based on these data dietq mstriaion of 
Pbmurols with particular emphasis on #tigmoPstarol iI& appsarp util. 

3 
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SPECJALCOMMUNICATION 

Executive Summary of the Third Report 
of the National Cholesterol Education Program 
(NCEP) Expert Panel on Detection, Evaluation, 
and Treatment of High Blood Cholesterol 
in Adults (Adult Treatment Panel Ill) 

-_ . . 

THlS~lCLEISFORlNDIV1DUALUSEONLY 
ANDMAYNOT8EFURTHERREPRODUCEDORSTORED 

ELECTRONlCALLYWlTHOUTWRi~WPERMl~l~FR~~E 
COPYRlGHTHOLDER.UNAUfHORlZEDR~~ROD~IONMAY 

RESULT IN FINANCIALANDOTHER PENALTIES. 

Expert Panel on Detection, 
Evaluation, and Treatment 
of High Blood Cholesterol in Adults 

T HE THIRD REPORT OF THE Ex- 
pert Panel on Detection, Evalu- 
ation, and Treatment of High 
Blood Cholesterol in Adults 

(Adult Treatment Panel III, or ATP III) 
constitutes the National Cholesterol 
Education Program’s (NCEP’S) up- 
dated clinical guidelines for choles- 
terol testing and management. The full 
ATP III document is an evidence- 
based and extensively referenced re- 
port that provides the scientific ratio- 
nale for the recommendations 
contained in the executive summary. 
ATP III builds on previous ATP re- 
ports and expands the indications for 
intensive cholesterol-lowering therapy 
in clinical practice. It should be noted 
that these guidelines are intended to in- 
form, not replace, the physician’s clini- 
cal judgment, which must ultimately 
determine the appropriate treatment for 
each individual. 

BACKGROUND 
The third ATP report updates the ex- 
isting recommendations for clinical 
management of high blood choles- 
terol. The NCEP periodically pro- 
duces ATP clinical updates as war- 
ranted by advances in the science of 
cholesterol management. Each of the 
guideline reports-ATP I, II, and III- 

See also p 2508 and Patient Page. 

2486 JAMA, May 16,2001-Vol285, No. 19 

has a major thrust. ATP I outlined a 
strategy for primary prevention of coro- 
nary heart disease (CHD) in persons 
with high levels of low-density lipo- 
protein (LDL) cholesterol (2 160 mg/ 
dL) or those with borderline high LDL 
cholesterol (130-159 mg/dL) and mul- 
tiple (2+) risk factors. ATP II affirmed 
the importance of this approach and 
added a new feature: the intensive man- 
agement of LDL cholesterol in per- 
sons with established CHD. For pa- 
tients with CHD, ATP II set a new, 
lower LDL cholesterol goal of 5100 mg/ 
dL. ATP III adds a call for more inten- 
sive LDL-lowering therapy in certain 
groups of people, in accord with re- 
cent clinical trial evidence, but its core 
is based on ATP I and ATP II. Some of 
the important features shared with pre- 
vious reports are shown in Table A in 
the APPENDIX. 

While ATP III maintains attention to 
intensive treatment of patients with 
CHD, its major new feature is a focus 
on primary‘prevention in persons with 
multiple risk factors. Many of these per- 
sons have a relatively high risk for CHD 
and will benefit from more intensive 
LDL-lowering treatment than recom- 
mended in ATP II. TABLE 1 shows the 
new features of ATP III. (Note: To con- 
vert cholesterol to mmoVL, divide val- 
ues by 38.7). 

LDL CHOLESTEROL: THE 
PRIMARY TARGET OF THERAPY 
Research from experimental animals, 
laboratory investigations, epidemiol- 

ogy, and genetic forms ot hypercholes- 
terolemia indicate that elevated LDL 
cholesterol is a major cause of CHD. In 
addition, recent clinical trials robustly 
show that LDL-lowering therapy re- 
duces risk for CHD. For these rea- 
sons, ATP III continues to identify el- 
evated LDL cholesterol as the primary 
target of cholesterol-lowering therapy. 
As a result, the primary goals of therapy 
and the cutpoints for initiating treat- 
ment are stated in terms of LDL. 

RISK ASSESSMENT: FIRST STEP 
IN RISK MANAGEMENT 
A basic principle of prevention is that 
the intensity of risk-reduction therapy 
should be adjusted to a person’s abso- 
lute risk. Hence, the first step in selec- 
tion of LDL-lowering therapy is to 
assess a person’s risk status. Risk as- 
sessment requires measurement of LDL 
cholesterol as part of lipoprotein analy- 
sis and identification of accompany- 
ing risk determinants. 

In all adults aged 20 years or older, a 
fasting lipoprotein profile (total choles- 
terol, LDL cholesterol, high-density li- 
poprotein [HDL] cholesterol, and tri- 
glyceride) should be obtained once every 
5 years. If the testing opportunity is non- 
fasting, only the values for total choles- 
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terol and HDL cholesterol will be US- 
able. In such a case, if total cholesterol 
is 2200 mg/dL or HDL is <40 mg/dL, 
a follow-up lipoprotein profile is needed 
for appropriate management based on 
LDL. The relationship between LDL cho- 
lesterol levels and CHD risk is continu- 
ous over a broad range of LDL levels 
from low to high. Therefore, ATP III 
adopts the classification of LDL choles- 
terol levels shown in TABLE 2, which also 
shows the classification of total and HDL 
cholesterol levels. 

Risk determinants in addition to LDL 
cholesterol include the presence or ab- 
sence of CHD, other clinical forms of 
atherosclerotic disease, and the major 
risk factors other than LDL (TABLE 3). 
(LDL is not counted among the risk fac- 
tors in Table 3 because the purpose of 
counting those risk factors is to modify 
the treatment of LDL.) Based on these 
other risk determinants, ATP III iden- 
tifies 3 categories of risk that modify the 
goals and modalities of LDL-lowering 
therapy. TABLE 4 defines these catego- 
ries of risk and shows corresponding 
LDL cholesterol goals. 

The category of highest risk con- 
sists of CHD and CHD risk equiva- 
lents. The latter carry a risk for major 
coronary events equal to that of estab- 
lished CHD, ie, >20% per 10 years (ie, 
more than 20 of 100 such individuals 
will develop CHD or have a recurrent 
CHD event within 10 years). CHD risk 
equivalents comprise: 

l Other clinical forms of athero- 
sclerotic disease (peripheral arterial 
disease, abdominal aortic aneurysm, 
and symptomatic carotid artery 
disease) 

l Diabetes 
l Multiple risk factors that confer a 

lo-year risk for CHD >20%. 
Diabetes counts as a CHD risk 

equivalent because it confers a high risk 
of new CHD within 10 years, in part be- 
cause of its frequent association with 
multiple risk factors. Furthermore, be- 
cause persons with diabetes who ex- 
perience a myocardial infarction have 
an unusually high death rate either im- 
mediately or in the long term, a more 
intensive prevention strategy is war- 
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Table 1. New Features of ATP Ill* 

Focus on Multiple Risk Factors 
l Raises persons with diabetes without CHD, most of whom have multiple risk factors, to the risk level 

of CHD risk equivalent 
l Uses Framingham projections of lo-year absolute CHD risk (ie, the percent probability of having a 

CHD event in IO vears) to identify certain patients with multiple (2+) risk factors for more intensive 
treatment . 

l Identifies persons with multiple metabolic risk factors (metabolic syndrome) as candidates for 
intensified therapeutic lifestyle changes 

Modifications of Lipid and Lipoprotein Classification 
l Identifies LDL cholesterol ~100 mg/dL as optimal 
* Raises categorical low HDL cholesterol from C35 mg/dL to ~40 mg/dL because the latter is a better 

measure of a depressed HDL 
l Lowers the triglyceride classification cutpoints to give more attention to moderate elevations 

Support for implementation 
l Recommends a complete lipoprotein profile (total, LDL, and HDL cholesterol and triglycerides) as 

the preferred initial test, rather than screening for total cholesterol and HDL alone 
l Encourages use of plant stanols/sterols and viscous (soluble) fiber as therapeutic dietary options to 

enhance lowering of LDL cholesterol 
l Presents strategies for promoting adherence to therapeutic lifestyle changes and drug therapies 
9 Recommends treatment beyond LDL lowering for persons with triglycerides ,200 mg/dL 
*ATP indicates Adult Treatment Panel; CHD. coronary heart disease: LDL, low-density lipoprotein; and HDL, high- 

density lippprotein. 

Table 2. ATP Ill Classification of LDL, Total, 
and HDL Cholesterol (mn/dL)* 

LDL choleste;ol 
Cl00 
100-129 
130-159 
160-189 
2190 

Total cholesterol 
<200 
zoo-239 
s240 

HDL cholesterol 
<40 

Optimal 
Near or above optimal 
Borderline high 
High 
Very high 

Desirable 
Borderline high 
High 

Low 
~60 High 

*ATP indicates Adult Treatment Panel; LDL, low-density 
lipoprotein: and HDL, high-density lipoprotein. 

ranted. Persons with CHD or CHD risk 
equivalents have the lowest LDL cho- 
lesterol goal (cl00 mg/dL). 

The second category consists of per- 
sons with multiple (2+) risk factors in 
whom lo-year risk for CHD is 520%. 
Risk is estimated from Framingham risk 
scores (see Appendix). The major risk 
factors, exclusive of elevated LDL cho- 
Iesterol, are used to define the pres- 
ence of multiple risk factors that modify 
the goals and cutpoints for LDL- 
loivering treatment, and these are listed 
in Table 3. The LDL cholesterol goal for 
persons with multiple (2+) risk fac- 
tors is ~130 mg/dL. 

The third category consists of per- 
sons having.O-1 risk factor; with few ex- 
ceptions, persons in this category have 
a lo-year risk <lo%. Their LDL cho- 
lesterol goal is < 160 mg/dL. 

iable 3. Major Risk Factors (Exclusive of 
LDL Cholesterol) That Modify LDL Coals* 

l Cigarette smoking 
l Hvpertension (blood pressure ~140/90 mm Ho 

or ‘on antihypertensive medication) 
. Low HDL cholesterol (~40 mg/dL)t 
l Family history of premature CHD (CHD in male 

first-degree relative <55 years: CHD in female 
first-degree relative t65 years) 

l Age (men 245 years; women 255 years) 
*Diabetes is regarded as a coronary heart disease (CHDI 

risk equivalent. LDL indicates low-density lipoprotein; 
HDL, high-density lipoprotein. 

THDL cholesterol 260 mg/dL counts as a “negative” risk 
factor; Rs presence removes 1 risk factor from the total 
count. 

Table 4. Three Categories of Risk T6t‘ 
Modify LDL Cholesterol Goals 

LDL Goal 
Risk Category (WdL) 

CHD and CHD risk equivalents 400 
Multiple (2+) risk factors* <130 
O-l risk factor <I60 
*Risk factors that modify the low-density lipoprotein (IDL) 

ooal are listed in Table 3. CHD indicates coronary heart 

Method of Risk Assessment: 
Counting Major Risk Factors and 
Estimating 1 O-Year CHD Risk 
Risk status in persons without clini- 
cally manifest CHD or other clinical 
forms of atherosclerotic disease is de- 
termined by a 2-step procedure. First, 
the number of risk factors is counted 
(Table 3). Second, for persons with 
multiple (2+) risk factors, lo-year risk 
assessment is carried out with Framing- 
ham scoring (see Appendix) to iden- 
tify individuals whose short-term (lo- 

JAMA, May16,200J-Voi 285,No. 19 2487 



SUMMARYOFTHENCEPADULTTREATMENTPANELIIIREPORT 

year) risk warrants consideration of 
intensive treatment. Estimation of the 
lo-year CHD risk adds a step to risk as- 
sessment beyond risk factor counting, 
but this step is warranted because it al- 
lows better targeting of intensive treat- 
ment to people who will benefit from 
it. When O-l risk factor is present, 
Framingham scoring is not necessary 
because lo-year risk rarely reaches Iev- 
els for intensive intervention; a very 
high LDL level in such a person may 
nevertheless warrant consideration of 
drug therapy to reduce long-term risk. 
Risk factors used in Framingham scor- 
ing include age, total cholesterol, HDL 
cholesterol, blood pressure, and ciga- 
rette smoking. Total cholesterol is used 
for IO-year risk assessment because of 
a larger and more robust Framingham 
database for total than for LDL choles- 
terol, but LDL cholesterol is the pri- 
mary target of therapy. Framingham 
scoring divides persons with multiple 
risk factors into those with lo-year risk 
for CHD of >20%, lo%-20%, and 
<lo%. It should be noted that this 
2-step sequence can be reversed with 
essentially the same results. (If 
Framingham scoring is carried out be- 
fore risk factor counting, persons with 
<lo% risk are then divided into those 
with 2+ risk factors and O-l risk factor 
by risk factor counting to determine the 
appropriate LDL goal [Table 41.) Ini- 
tial risk assessment in ATP III uses the 
major risk factors to define the core risk 
status. Only after the core risk status 
has been determined should any other 
risk modifiers be taken into consider- 
ation for adjusting the therapeutic 
approach. 

Role of Other Risk FactoK 
in Risk Assessment 
ATP III recognizes that risk for CHD 
is influenced by other factors not in- 
cluded among the major, independent 
risk factors (Table 3). Among these are 
life-habit risk factors and emerging risk 
factors. The former include obesity, 
physical inactivity, and atherogenic diet; 
the latter consist of lipoprotein(a), 
homocysteine, prothrombotic and pro- 
inflammatory factors, impaired fast- 
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ing glucose, and evidence of subclini- 
cal atherosclerotic disease. The life- 
habit risk factors are direct targets for 
clinical intervention but are not used 
to set a lower LDL cholesterol goal of 
therapy. The emerging risk factors do 
not categorically modify LDL choles- 
terol goals; however, they appear to 
contribute to CHD risk to varying de- 
grees and can have utility in selected 
persons to guide intensity of risk- 
reduction therapy. Their presence can 
modulate clinical judgment when mak- 
ing therapeutic decisions. 

Metabolic Syndrome 
Many persons have a constellation of 
major risk factors, life-habit risk fac- 
tors, and emerging risk factors that con- 
stitute a condition called the meta- 
bolic syndrome. Factors characteristic 
of the metabolic syndrome are abdomi- 
nal obesity, atherogenic dyslipidemia 
(elevated triglyceride, small LDL par- 
ticles, low HDL cholesterol), raised 
blood pressure, insulin resistance (with 
or without glucose intolerance), and 
prothrombotic and proinflammatory 
states. ATP III recognizes the meta- 
bolic syndrome as a secondary target of 
risk-reduction therapy, after the pri- 
mary target-LDL cholesterol. Diag- 
nosis and treatment of the metabolic 
syndrome is described below under 
“Benefit Beyond LDL Lowering: The 
Metabolic Syndrome as a Secondary 
Target of Therapy.” 

The Link Between Risk Assessment 
and Cost-effectiveness 
In ATP III, a primary aim is to match 
intensity.of LDL-lowering therapy 
with absolute risk. Everyone with 
elevated LDL cholesterol is treated 
with lifestyle changes that are effective 
in lowering LDL levels. Persons at 
relatively high risk are also candidates 
for drug treatment, which is very 
effective but entails significant addi- 
tional expense. The cutpoints for drug 
treatment are based primarily on risk- 
benefit considerations: those at higher 
risk are likely to get greater benefit. 
However, cutpoints for recommended 
management based on therapeutic effi- 

cacy are checked against currently 
accepted standards for cost- 
effectiveness. Lifestyle changes are the 
most cost-effective means to reduce 
risk for CHD. Even so, to achieve 
maximal benefit, many persons will 
require LDL-lowering drugs. Drug 
therapy is the major expense of LDL- 
lowering therapy and it dominates 
cost-effectiveness analysis. However, 
the costs of LDL-lowering drugs are 
currently in flux and appear to be 
declining. This report recognizes that 
as drug prices decline it will be pas- 
sible to extend drug use to lower-risk 
persons and still be cost-effective. In 
addition, ATP III recognizes that some 
persons with high long-term risk are 
candidates for LDL-lowering drugs 
even though use of drugs may not be 
cost-effective by current standards. 

PRIMARY PREVENTION WITH 
LDL-LOWERING THERAPY 

Primary prevention of CHD offers the 
greatest opportunity for reducing the 
burden of CHD in the United States. 
The clinical approach to primary pre- 
vention is founded on the public 
health approach that calls for lifestyle 
changes, including (1) reduced 
intakes of saturated fat and choles- 
terol, (2) increased physical activity, 
and (3) weight control, to lower popu- 
lation cholesterol levels and reduce 
CHD risk, but the clinical approach 
intensifies preventive strategies for 
higher-risk persons. One aim of pri- 
mary prevention is to reduce long- 
term risk (>lO years) as well as short- 
term risk (I 10 years), LDL goals in 
primary prevention depend on a per- 
son’s absolute risk for CHD (ie, the 
probability of having a CHD event in 
the short term or the long term)-the 
higher the risk, the lower the goal. 
Therapeutic lifestyle changes are the 
foundation of clinical primary preven- 
tion. Nonetheless, some persons at 
higher risk because of high or very 
high LDL cholesterol levels or because 
of multiple risk factors are candidates 
for LDL-lowering drugs. Recent pri- 
mary prevention trials show that LDL- 
lowering drugs reduce risk for major 
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-coronary events and coronary death 
even in the short term. 

Any person with elevated LDL cho- 
lesterol or other form of hyperlipid- 
emia should undergo clinical or 
laboratory assessment to rule out 
secondary dyslipidemia before initia- 
tion of lipid-lowering therapy. Causes 
of secondary dyslipidemia include: 
l Diabetes 
l Hypothyroidism 
l Obstructive liver disease 
l Chronic renal failure 
l Drugs that increase LDL choles- 

terol and decrease HDL choles- 
terol (progestins, anabolic ste- 
roids, and corticosteroids). 

Once secondary causes have been ex- 
eluded or, if appropriate, treated, the 
goals for LDL-lowering therapy in pri- 
mary prevention are established ac- 
cording to a person’s risk category 
(Table 4). 

SECONDARY PREVENTION 
WITH LDL-LOWERING 
THERAPY 
Recent clinical trials demonstrate 
that LDL-lowering therapy reduces 
total mortality, coronary mortality, 
major coronary events, coronary 
artery procedures, and stroke in per- 
sons with established CHD. As 
shown in Table 2, an LDL cholesterol 
level of <lo0 mg/dL is optimal; 
therefore, ATP III specifies an LDL 
cholesterol level of cl00 mg/dL as 
the goal of therapy in secondary pre- 
vention. This goal is supported by 
clinical trials with both clinical and 
angiographic end points and by pro- 
spective epidemiological studies. The 
same goal should apply for persons 
with CHD risk equivalents. When 
persons are hospitalized for acute 
coronary syndromes or coronary pro- 
cedures, lipid measures should be 
taken on admission or within 24 
hours. These values can guide the 
physician on initiation of LDL- 
lowering therapy before or at dis- 
charge. Adjustment of theiapy may 
be needed after 12 weeks. 

LDL-LOWERING THERAPY 
IN 3 RISK CATEGORIES 
The 2 major modalities of LDL- 
lowering therapy are therapeutic life- 
style changes (TLC) and drug therapy. 
Both are described in more detail later. 
The TLC Diet stresses reductions in 
saturated fat and cholesterol intakes. 
When the metabolic syndrome or its as- 
sociated lipid risk factors (elevated tri- 
glyceride or low HDL cholesterol) are 
present, TLC also stresses weight re- 
duction and increased physical activ- 
ity. TABLE 5 defines LDL cholesterol 
goals and cutpoints for initiation of TLC 
and for drug consideration for per- 
sons with 3 categories of risk: CHD and 
CHD risk equivalents; mu1 tiple (2+) risk 
factors (lo-year risk lo%-20% and 
<lo%); and O-l risk factor. 

CHD and CHD Risk Equivalents 
For persons with CHD and CHD risk 
equivalents, LDL-lowering therapy 
greatly reduces risk for major coro- 
nary events and stroke and yields highly 
favorable cost-effectiveness ratios. The 
cutpoints for initiating lifestyle and drug 
therapies are shown in Table 5. 

Ifbaseline LDL cholesterol is 2130 mg/ 
dL, intensive lifestyle therapy and maxi- 
mal control of other risk factors should 
be started. Moreover, for most pa- 
tients, an LDL-lowering drug will be re- 
quired to achieve an LDL cholesterol 
level of <lo0 mg/dL; thus an LDL- 
cholesterol lowering drug can be started 
simultaneously with TLC to attain the 
goal of therapy. 

rf LDL cholesterol levels are loo-129 
mg/dL, either at baseline or on LDL- 
lowering therapy, several therapeutic 
approaches are available: 

l Initiate or intensify lifestyle and/or 
drug therapies specifically to lower LDL. 

l Emphasize weight reduction and 
increased physical activity in persons 
with the metabolic syndrome. 

l Delay use or intensification of LDL- 
lowering therapies and institute treat- 
ment of other lipid or nonlipid risk fac- 
tors; consider use of other lipid- 
modifying drugs (eg, nicotinic acid or 
fibric acid) if the patient has elevated 
triglyceride or low HDL cholesterol. 

(/-baseline LDL cholesterol is ~100 mgl 
dL, further LDL-lowering therapy is not 
required. Patients should nonetheless 
be advised to follow the TLC Diet on 
their own to help keep the LDL level 
optimal. Several clinical trials are cur- 
rently under way to assess benefit of 
lowering LDL cholesterol to well be- 
low 100 mg/dL. At present, emphasis 
should be placed on controlling other 
lipid and nonlipid risk factors and on 
treatment of the metabolic syndrome, 
if present. 

Multiple (2+) Risk Factors 
and IO-Year Risk of 520% 
For persons with multiple (2+) risk fac- 
tors and lo-year risk ~20%, intensity 
of therapy is adjusted according to lo- 
year risk and LDL cholesterol level. The 
treatment approach for each category 
is summarized in Table 5. 

Multiple (2+) Risk Factors and a IO- 
Year Risk oflO%-20%. In this category, 
the goal for LDL cholesterol is cl30 
mg/dL. The therapeutic aim is to re- 
duce short-term risk as well as long- 
term risk for CHD. If baseline LDL cho- 
lesterol is ~130 mg/dL, TLC is initiated 
and maintained for 3 months. If LDL 
remains 2 130 mg/dL after 3 months of 
TLC, consideration can be given to 
starting an LDLllowering drug to 
achieve the LDL goal of < 130 mg/dL. 
Use of LDL-lowering drugs at this risk 
level reduces CHD risk and is cost- 
effective. If the LDL falls to less than 
130 mg/dL on TLC alone, TLC can be 
continued without adding drugs. In 
older persons (26.5 years), clinical 
judgment is required for how inten- 
sively to apply these guidelines; a va- 
riety of factors, including concomi- 
tant illnesses, general health status, and 
social issues, may influence treatment 
decisions and may suggest a more con- 
servative approach. I 

Multiple (2+1 Risk Factors and a 1 U- 
Year Risk $<I 0%. In this category, the 
goal for LDL cholesterol also is <130 
mg/dL. The therapeutic aim, how- 
ever, is primarily to reduce longer- 
term risk. If baseline LDL cholesterol 
is 2130 mg/dL, the TLC Diet is initi- 
ated to reduce LDL cholesterol. If LDL 
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Table 5. LDL Cholesterol Co& and Cutooints for Theraoeutic L&&file Changes (TLC) and 
Drug Therapy in Different Risk Categories* 

LDL Level at Which to 
Initiate Therapeutic LDL Level at Which to 

LDL Goal Lifestyle Changes Consider Drug 
Risk Category hddL) (wW Therapy (mg/dL) 

CHD or CHD risk equivalents Cl00 ZlOO 2130 
(1 O-year risk >20%) (100-129: drug optional)t 

2c Risk factors 1 O-year risk lo%-20%: 2130 
(1 O-year risk ~20%) <130 Z-130 

IO-vear risk <IO%: ~160 .- /-- 
O-l Risk factor3 1160 2160 2190 

(160-I 89: LDL-lowerinc 
drug optional) - 

*LDL indicates low-density lipoprotein; CHD, coronary heart disease. 
tSome authorities recommend use of LDL-lowering drugs in this category if an LDL cholesterol level of 400 mg/dL 

cannot be achwed by therapeutic lifestyle changes. Others prefer use of drugs that primarily modify triglycerides 
and HDL, eg, rwotinic acid or fibrate. Clinical judgment also may call for deferring drug therapy in this subcategory. 

*Almost all people with O-l risk factor have a 1 O-year risk <lo%; thus, lo-year risk assessment in people with O-l risk 
factor is not necessary. 

Table 6. Nutrient Composition of the Therapeutic Lifestyle Changes (TLC) Diet 

Nutrient 
Saturated fat* 
Polyunsaturated fat 
Monounsaturated fat 
Total fat 
Carbohydrate? 
Fiber 
Protein 
Cholesterol 
Total caloriest 

Recommended Intake 
(7% of total calories 
Up to 10% of total calories 
Up to 20% of total calories 
25%-35% of total calories 
50%-60% of total calories 
20-30 g/d 
Approximately 15% of total calories 
<2OO mg/d 
Balance energy intake and expenditure to maintain 

desirable body weight/prevent weight gain 
*Trams fatty acids are another LDL-raising fat that should be kept at a low intake. 
tCarbohydrates should be derived predominantly from foods rich in complex c&xhydrates including grains, espe- 

cially whole grains, fruits, and vegetables. 
*Daily energy expenditure should include at least moderate physical activity (contributing approximately 200 kcai/d). 

is < 160 mg/dL on TLC alone, it should 
be continued. LDL-lowering drugs gen- 
erally are not recommended because the 
patient is not at high short-term risk. 
On the other hand, if LDL cholesterol 
is ~160 mg/dL, drug therapy can be 
considered to achieve an LDL choles- 
terol level of ~130 mg/dL; the pri- 
mary aim is to reduce long-term risk. 
Cost-effectiveness is marginal, but drug 
therapy can be justified to slow devel- 
opment of coronary atherosclerosis and 
to reduce long-term risk for CHD. 

O-l Risk Factor 
Most persons with O-l risk factor have a 
lo-year risk < 10%. They are managed 
according to Table 5. The goal for LDL 
cholesterol in this risk category is cl60 
mg/dL. The primary aim of therapy is to 
reduce long-term risk. First-line therapy 
is TLC. If after 3 months of TLC the LDL 
cholesterol is < 160 mg/dL, TLC is con- 
tinued. However, if LDL choles- 
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terol is 160-189 mg/dL after an ad- 
equate trial of TLC, drug therapy is op- 
tional depending on clinical judgment. 
Factors favoring use of drugs include: 

l A severe single risk factor (heavy 
cigarette smoking,‘poorly controlled hy- 
pertension, strong family history of pre- 
mature CHD, or very low HDL choles- 
terol) 

l Multiple life-habit risk factors and 
emerging risk factors (if measured) 

l lo-year risk approaching 10% (if 
measured; see Appendix). If LDL cho- 
lesterol is ~190 mg/dL despite TLC, 
drug therapy should be considered to 
achieve the LDL goal of cl60 mg/dL. 

The purpose of using LDL-lowering 
drugs in persons with O-l risk factor and 
elevated LDL cholesterol (2160 mg/ 
dL) is to slow the development of coro- 
nary atherosclerosis, which will re- 
duce long-term risk. This aim may 
conflict with cost-effectiveness consid- 
erations; thus, clinical judgment is re- 

quired in selection of persons for dru 
therapy, although a strong case can b 
made for using drugs when LDL cho 
lesterol is ~190 mg/dL after TLC. 

For persons whose LDL cholesterc 
levels are already below goal levels up01 
first encounter, instructions for appro 
priate changes in life habits, periodi, 
follow-up, and control of other risk fat 
tors are needed. 

THERAPEUTIC LIFESTYLE 
CHANGES IN LDL-LOWEfiING 
THERAPY 
ATP III recommends a multifaceted life 
style approach to reduce risk for CHD 
This approach is designated therapeu 
tic lifestyle changes (TLC). Its essen 
tial features are: 

l Reduced intakes of saturated fati 
(~7% of total calories) and choles 
terol (<200 mg/d) (see TABLE 6 fo: 
overall composition of the TLC Diet) 

l Therapeutic options for enhanc, 
ing LDL lowering such as plant stanols, 
sterols (2 g/d) and increased viscom 
(soluble) fiber (lo-25 g/d) 

l Weight reduction 
l Increased physical activity. 
A model of steps in TLC is shown ir 

FIGURE 1. To initiate TLC, intakes 01 
saturated fats and cholesterol are re- 
duced first to lower LDL cholesterol. Tc 
improve overall health, ATP III’s TLC 
Diet generally contains the recommen- 
dations embodied in the Dietary Guide- 
lines for Americans 2000. One excep- 
tion is that total fat is allowed to range 
from 25%-35% of total calories pro- 
vided saturated fats and trcms fatty ac- 
ids are kept low. A higher intake of to- 
tal fat, mostly in the form of unsaturated 
fat, can help to reduce triglycerides and 
raise HDL cholesterol in persons with 
the metabolic syndrome. In accord with 
the Dietary Guidelines, moderate physi- 
cal activity is encouraged. After 6 weeks, 
the LDL response is determined; if the 
LDL cholesterol goal has not been 
achieved, other therapeutic options for 
LDL lowering such as plant stanol/ 
sterols and viscous fiber can be added. 

After maximum reduction of LDL 
cholesterol with-dietary therapy, em- 
phasis shifts to management of the 
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metabolic syndrome and associated 
lipid risk factors. The majority of per- 
sons with these latter abnormalities are 
overweight or obese and sedentary. 
Weight reduction therapy for over- 
weight or obese patients will enhance 
LDL lowering and will provide other 
health benefits including modifying 
other lipid and nonlipid risk factors. As- 
sistance in the management of over- 
weight and obese persons is provided 
by the Clinical Guidelines on the Iden- 
tification, Evaluation, and Treatment of 
Overweight and Obesity in Adults from 
the NHLBI Obesity Education Initia- 
tive (1998). Additional risk reduction 

can be achieved by simultaneously in- 
creasing physical activity. 

At all stages of dietary therapy, phy- 
sicians are encouraged to refer pa- 
tients to registered dietitians or other 
qualified nutritionists for medical nu- 
trition therapy, which is the term for the 
nutritional intervention and guidance 
provided by a nutrition professional. 

DRUG THERAPY TO ACHIEVE 
LDL CHOLESTEROL GOALS 
A portion of the population whose 
short-term or long-term risk for CHD 
is high will require LDL-Iowering drugs 
in addition to TLC to reach the desig- 

I _,,,.. -.)‘., 

Figure 1. Model of Steps in Therapeutic Lifestyle Changes (TLC) 

l Emphasize Reduction 
of Satwated Fat 
and chdesterol 
Intakes 

l Encourage Moderate 
physical ActMty 

l Consider Referral to a 
mtiil 

l ReinforCe Reduction 
in Saturated Fat end 
Cholesterol Intakes 

l Consider Adding 
plant stanols/Sterols 

. lkWea.?a Fiber Intake 

. Consider Referral 
to a Diet&n 

Syndrome 
l Intensify Weight 

Management and 
Physical Actkity 

l Consider Refenal 
to a Dietitian 

nated goal for LDL cholesterol (see 
Table 5). When drugs are prescribed, 
attention to TLC should always be 
maintained and reinforced. Currently 
available drugs that affect lipoprotein 
metabolism and their major character- 
istics are listed in TABLE 7. 

Some cholesterol-lowering agents are 
currently available over-the-counter 
(OTC) (eg, nicotinic acid), and manu- 
facturers of several classes of LDL- 
lowering drugs (eg, statins, bile acid 
sequestrants) have applied to the Food 
and Drug Administration (FDA) to allow 
these agents to become OTC medica- 
tions. At the time of publication of ATP 
III, the FDA has not granted permission 
for OTC status for statins or bile acid 
sequestrants. If an OTC cholesterol- 
lowering drug is or becomes available, 
patients should continue to consult with 
their physicians about whether to ini- 
tiate drug treatment, about setting the 
goals of therapy, and about monitoring 
for therapeutic responses and side effects. 

Secondary Prevention: 
Drug Therapy for CHD 
and CHD Risk Equivalents 
For persons with CHD and CHD risk 
equivalents, the goal is to attain an LDL 
cholesterol level of cl00 mg/dL. The 
cutpoints for initiating lifestyle and drug LDL indicates low-density lipoprotein. 

Table 7. Drugs Affecting Lipoprotein Metabolism* 

Drug Class, Agents, Lipid/Lipoprotein 
and Daily Doses Effects Side Effects 

HMG-CoA reductase LDL I 18%-55% Myopathy: increased 
inhibitors HDL T 5%-i 5% 

TG L 7%-30% 
liver enzymes 

(statins)t 

Contraindications 
Absolute: active or chronic 

liver disease 
Relative: concomitant use 

Clinical Trial Results 
Reduced major coronary 

events, CHD deaths;need 
for coronary protidures, 

Bile acid 
sequestrants$ 

LDL 1150/o-30% 
HDL f 3%~5% 
TG No change or 

of certain drugs5 stroke, and t&al niortality 
Gastrointestinal distress; Absolute: dysbetalipoproteinemia; Reduced major coronary events 

constipation; TG >400 mg/clL and CHD deaths 
decreased absorption Relative:TG >200 mg/dL 

increase of other drugs 
Nicotinic acid!\ LDL J 5%-25% 

HDL 7 159/o-35% 
Flushing; hyperglycemia; Absolute: chronic liver disease; Reduced major coronary events, 

., TG 120%~50% 
hyperuricemia (or gout); severe gout and possibly total mortalcv 
upper-gastrointestinal Relative: diabetes; hyperuricemia; 
distress; hepatotoxicity peptic ulcer disease 

Fibric acids.1 LDL -15%-20% Dyspepsia; gallstones; Absolute: severe renal disease; Reduced major coronary events 
(may be increased in kyopati+y; unexplained severe hepatic disease 
patients with high TG) non-CHD deaths in 

HDL ? 1 O%-20% WHO studv 

*HMG-CoA indicates 3-hydro*y-3-methyfglutaryl coenzyme A; LDL, low-density lipoprotein; HDL, highrdensity lipoprotein; TG, ttigiycarfdas; J, decrease; f, increase; and CHD, 
coromry head disease. 

tLovastatin (20-80 mg);pravastatin (20-40 mg). simvastatin (20-80 mg), fluvastatin (20-80 mg), atorvastatin (10-60 mg), and cerivastatin (0.4-0.8 mg). 
fCholestymmine (4-16 g). colestipol (5-20 g), and colesevaiam (2.6-3.8 g). 
§Cyclospofine, macrolide antibiotics, various antifungal ‘agents, and cytochrcme P-460 inhibitors (fibrates and niacin should be used with appropriate caution), 
I)lmmadiate-release (crystalline) nicotinic acid (1.5-3 g), extended-release nicotinic acid (l-2 g), and sustained-release nicotinic acid (1-2 g). 
~Gemfibrozil(600 mg twice daily), fenofibrate (200 mg), and clofibrate (loo0 mg twice daily). 
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lntiiate LDL-Lowanng If LDL Goal Not If ID1 Goal Not - Evely Monitor Response 
Drug Therapy 6 6 Achieved, intensify 4-6 and Adherence 

Weeks 
Achieved, 
Intensify LDL- Weeks Drug Therapy or Months to Therapy 

----+ Lowering Drug ---+ Refer to a Lipid ---+ 
Therapy Specialist 

L I I J I I I I 

Start Statin 
or 

Bile Acid 
Sequestrant 

or 
Nicotinic Acid 

Consider Higher 
Oose of Statin 

or 
Add Bile Acid 
Sequestrant or 
Nicotinic Ac!d 

If WL Goal Achieved 
Treat Other Lipid 
Risk Factors 

LDL indicates low-density lipoprotein. 

therapies are shown in Table 5. Most 
patients with CHD will need LDL- 
lowering drug therapy. Other lipid risk 
factors may also warrant consider- 
ation of drug treatment. Whether or not 
lipid-modifying drugs are used, non- 
lipid risk factors require attention and 
favorable modification. 

In patients admitted to the hospital 
for a major coronary event, LDL cho- 
lesterol should be measured on admis- 
sion or within 24 hours. This value can 
be used for treatment decisions. In gen- 
eral, persons hospitalized for a coro- 
nary event or procedure should be dis- 
charged on drug therapy if the LDL 
cholesterol is 2 130 mg/dL. If the LDL 
is loo-129 mg/dL, clinical judgment 
should be used in deciding whether to 
initiate drug treatment at discharge, rec- 
ognizing that LDL cholesterol levels be- 
gin to decline in the first few hours af- 
ter an event and are significantly 
decreased by 24 to 48 hours and may 
remain low for many weeks. Thus, the 
initial LDL cholesterol level obtained 
in the hospital may be substantially 
lower than is usual for the patient. Some 
authorities hold that drug therapy 
should be initiated whenever a patient 
hospitalized for a CHD-related illness 
is found to have an LDL cholesterol 
> 100 mg/dL. Initiation of drug therapy 
at the time of hospital discharge has 2 
advantages. First, at that time patients 
are particularly motivated to under- 
take and adhere to risk-lowering inter- 
ventions; and second, failure to ini- 
tiate indicated therapy early is one of 
the causes of a large “treatment gap,” 
because outpatient follow-up is often 
less consistent and more fragmented. 
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LDL-Lowering Drug Therapy 
for Primary Prevention 
Table 5 shows the cutpoints for con- 
sidering drug treatment in primary pre- 
vention. The general approach to man- 
agement of drug therapy for primary 
prevention is outlined in FIGURE 2. 

When drug therapy for primary pre- 
vention is a consideration, the third visit 
of dietary therapy (see Figure 1) will 
typically be the visit to initiate drug 
treatment. Even if drug treatment is 
started, TLC should be continued. As 
with TLC, the first priority of drug 
therapy is to achieve the goal for LDL 
cholesterol. For this reason, an LDL- 
lowering drug should be started. The 
usual drug will be a statin, but alterna- 
tives are a bile acid sequestrant or nico- 
tinic acid. In most cases, the statin 
should be started at a moderate dose. 
In many patients, the LDL cholesterol 
goal will be achieved, and higher doses 
will not be necessary. The patient’s re- 
sponse should be evaluated about 6 
weeks after starting drug therapy. If the 
goal of therapy has been achieved, the 
current dose can be maintained. How- 
ever, if the goal has not been achieved, 
LDL-lowering therapy can be intensi- 
fied, either by increasing the dose of 
statin or by combining a statin with a 
bile acid sequestrant or nicotinic acid. 

After 12 weeks of drug therapy, the 
response to therapy shpuld again be as- 
sessed. If the LDL cholesterol goal is still 
not achieved, consideration can be 
given to further intensification of drug 
therapy. If the LDL goal cannot be at- 
tained by standard lipid-lowering 
therapy, consideration should be given 
to seeking consultation from a lipid spe- 

cialist. Once the goal for LDL choles- 
terol has been.attained, attention can 
turn to other lipid risk factors and non- 
lipid factors. Thereafter, patients canbe 
monitored for response to therapy ev- 
ery 4 to 6 months, or more often if con- 
sidered necessary. 

BENEFIT BEYOND LDL 
LOWERING: THE METABOLtC 
SYNDROME AS A SECONDARY 
TARGET OF iHitiPY 

Evidence is accumulating that risk for 
CHD can be reduced beyond LDL- 
lowering therapy by modification of 
other risk factors. One potential sec- 
ondary target of therapy is the meta- 
bolic syndrome, which represents a 
constellation of lipid and nonlipid risk 
factors of metabolic origin. This syn- 
drome is closely linked to a general- 
ized metabolic disorder called insulin 
resistance in which the normal actions 
of insulin are impaired. Excess body fat 
(particularly abdominal obesity) and 
physical inactivity promote the devel- 
opment of insulin resistance, but some 
individuals also are genetically predis- 
posed to insulin resistance. 

The risk factors of the metabolic syn- 
drome are highly concordant; in aggre- 
gate they enhance risk for CHD at any 
given LDL cholesterol level. For pur- 
poses of ATP III, the diagnosis of the 
metabolic syndrome is made when 3 or 
more of the risk determinants shown 
in TABLE 8 are present. These determi- 
nants include a combination of cat- 
egorical and borderline risk factors that 
can be readily measured in clinical 
practice. r 

Management of the metabolic syn- 
drome has a 2-fold objective: (1) to re- 
duce underlying causes (ie, obesity and 
physical inactivity) and (2) to treat 
associated nonlipid and lipid risk 
factors. 

Management of Underlying Causes 
of the Metabolic Syndrome 
First-line therapies for all lipid and non- 
lipid risk factors associated with the 
metabolic syndrome are weight reduc- 
tion and increased physical activity, 
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which will effectively reduce all of these 
risk factors. Therefore, after appropri- 
ate control of LDL cholesterol, TLC 
should stress weight reduction and 
physical activity if the metabolic syn- 
drome is present. 

.Weight Control. In ATP III over- 
weight and obesity are recognized as 
major, underlying risk factors for CHD 
and identified as direct targets of inter- 
vention. Weight reduction will en- 
hance LDL lowering and reduce all 
ofthe risk factors of the metabolic 
syndrome. The recommended ap- 
proaches for reducing overweight and 
obesity are contained in the clinical 
guidelines of the Obesity Education Ini- 
tiative. 

Physicrai Activity. Physical inactivity 
is likewise a major, underlying risk fac- 
tor for CHD. It augments the lipid and 
nonlipid risk factors of the metabolic 
syndrome.’ It further may enhance risk 
by impairing cardiovascular fitness and 
coronary blood flow. Regular physical 
activity reduces very low-density lipo- 
protein (VLDL) levels, raises HDL cho- 
lesterol, and in some persons, lowers 
LDL levels: It also can lower blood pres- 
sure: reduce insulin resistance, and fa- 
vorably influence cardiovascular func- 
tion. Thus, ATP III recommends that 
regular physical activity become a rou- 
tine component in management of high 
serum cholesterol. The evidence base 
fey thi: recommendation is contained 
in the US Surgeon Generals Report on 
Physical Activity. 

:, 

Specific Treatment of Lipid 
and Nonlipid Risk Factors 
Beyond the underlying risk factors, 
therapies directed against the lipid and 
nonlipid risk factors of the metabolic 
syndrome will reduce CHD risk. These 
include treatment of hypertension, use 
of aspirin in patients with CHD to re- 
duce the prothrombotic state (guide- 
lines for aspirin use in primary preven- 
tion have not been firmly established), 
and treatment of elevated triglycer- 
ides and low HDL cholesterol as dis- 
cussed below under “Management of 
Specific Dyslipidemias.” 

SPECIAL ISSUES 
Management of Specific 
Dyslipidemias 
Very High LDL Cholesterol (2190 
mg/dL) Persons with very high LDL cho- 
lesterol usually have genetic forms of 
hypercholesterolemia: monogenic famil- 
ial hypercholesterolemia, familial defec- 
tive apolipoprotein B, and polygenic hy- 
percholesterolemia. Early detection of 
these disorders through cholesterol test- 
ing in young adults is needed to pre- 
vent premature CHD. Family testing 
is important to identify similarly 
affected relatives. These disorders often 
require combined drug therapy 
(statin+bile acid sequestrant) to achieve 
the goals of LDL-lowering therapy. 

Elevated Serum Triglycerides. Recent 
meta-analyses of prospective studies indi- 
cate that elevated triglycerides are also 
an independent risk factor for CHD. Fac- 
tors contributing to elevated (higher than 
normal) triglycerides in the general popu- 
lation include obesity and overweight, 
physical inactivity, cigarette smoking, 
excess alcohol intake, high-carbohy- 
drate diets (>60% of energy intake), sev- 
eral diseases (eg, type 2 diabetes, chronic 
renal failure, nephrotic syndrome), cer- 
tain drugs (eg, corticosteroids, estro- 
gens, retinoids, higher doses of P-adren- 
ergic blocking agents), and genetic 
disorders (familial combined hyperlip- 
idemia, familial hypertriglyceridemia, and 
familial dysbetalipoproteinemia). 

In clinical practice, elevated serum 
triglycerides are most often observed in 
persons with the metabolic syndrome, 
although secondary or genetic factors 
can heighten triglyceride levels. ATP III 
adopts the following classification of se- 
rum triglycerides: 

l Normal triglycerides: < 150 mg/dL 
l Borderline-high triglycerides: 

150-199 mg/dL 
l High triglycerides: 200-499 mg/dL 
l Very high triglycerides: 

2500 mgldL 
(To convert triglyceride values to 

mmol/L, divide by 88.6.) 
The finding that elevated triglycerides 

are an independent CHD risk factor sug- 
gests that some triglyceride-rich Iipopro- 
teins are atherogenic. The latter are par- 

tially degraded VLDL, commonly called 
remnant lipoproteins. In clinical practice, 
VLDLcholesterol is the most readilyavail- 
able measure of atherogenic remnant 
lipoproteins, Thus, VLDL cholesterol 
can be a target of cholesterol-lowering 
therapy. ATP III identifies the sum of 
LDL+VLDL cholesterol (termed non- 
HDL cholesterol [total cholesterol- HDL 
cholesterol]) as a secondary target of 
therapy in persons with high triglycer- 
ides (2200 mg/dL). The goal for non- 
HDL cholesterol in persons with high se- 
rum triglycerides can be set at 30 mg/dL 
higher than that for LDL cholesterol 
(TABLE 9) on the premise that a VLDL 
cholesterol level 530 mg/dL is normal. 

The treatment strategy for elevated tri- 
glycerides depends on the causes of the 
elevation and its severity. For all persons 

Table 8. Clinical Identification of the 
Metabolic Syndrome 

Risk Factor Defining Level 

l Abdominal obesity* 
(waist circumference)t 

Men >102 cm (>40 in) 
Women X38 cm (>35 in) 

l Triglycerides 2150 mg/dL 
l High-density lipoprotein 

cholesterol 
Men ~40 mg/dL 
Women ~50 mg/dL 

l Blood pressure =130/?85 mm Hg 
l Fasting glucose 2110 mg/dL 
*Overweight and obesity are associated with insulin w- 

sistance and the metabolic syndrome. However, the 
presence of abdominal obesity is more highly corre- 
lated with the metabolic nsk factors than is an elevated 
body mass index @MI). Therefore, the simple measure 
of waist circumference is recommended to identify the 
body weight component of the metabolic syndrome. 

tSome male patients can develop multiple metabolic rtsk 
factors when the waist circumference is only margin- 
ally increased, eg, 94-102 cm (37-40 in). Such pa- 
tients may have strong genetic contribution to insulin 
resistance and they should benefit from changes in life 
habiis, similafty to men v&h categorical increases in wast 
circumference. 

Table 9. Comparison of LDL Cholesterol 
and Non-HDL Cholesterol Goals for 3 Risk 
Categories* 

LDL Non-HDL 
Goal Goal 

Risk Category (mg/dL) (mg/dL) 
CHD and CHD (100 <I30 

risk equivalent 
(IO-year risk for 
CHD >20%) 

Multiple (2+) risk factors <I30 <160 
and 1 O-year risk ~20% 

O-1 Risk factor 1160 Cl90 
*LDL indicates low-density lipoprotein; HDL, high- 

density lipoprotein; and CHD. coronary heart disease. 
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with borderline high or high triglycer- 
ides, the primary aim of therapy is to 
achieve the target goal for LDL choles- 
terol. When triglycerides are borderline 
high (150-199 mg/dL), emphasisshould 
also be placed on weight reduction and 
increased physical activity. For high tri- 
glycerides (200-499 mg/dL), non-HDL 
cholesterol becomes a secondary target 
of therapy. Aside from weight reduction 
and increased physical activity, drug 
therapy can be considered in high-risk 
persons to achieve the non-HDL choles- 
terol goal. There are 2 approaches to drug 
therapy. First, the non-HDL cholesterol 
goal can be achieved by intensifying 
therapy with an LDL-lowering drug; sec- 
ond, nicotinic acid or fibrate can be 
added, if used with appropriate caution, 
to achieve the non-HDL cholesterol goal 
by further lowering VLDL cholesterol. 
In rare cases in which triglycerides are 
very high (2500 mg/dL), the initial aim 
of therapy is to prevent acute pancreati- 
tis through triglyceride lowering. This 
approach requires very low-fat diets 
(5 15% of calorie intake), weight reduc- 
tion, increased physical activity, andusu- 
ally a triglyceride-lowering drug (fibrate 
or nicotinic acid). Only after triglycer- 
ide levels have been lowered to ~500 mg/ 
dL should attention turn to LDL lower- 
ing to reduce risk for CHD. 

Low HDL Cholesterol. Low HDL cho- 
lesterol is a strong independent predic- 
tor of CHD. In ATP III, low HDL cho- 
lesterol is defined categorically as a level 
~40 mg/dL, a change from the level of 
<35 mg/dL in ATP II. In the present 
guidelines, low HDL cholesterol both 
modifies the goal for LDL-lowering 
therapy and is used as a risk factor to 
estimate lo-year risk for CHD. 

Low HDL cholesterol levels have sev- 
eral causes, many of which are associ- 
ated with insulin resistance, ie, elevated 
triglycerides, overweight and obesity, 
physical inactivity, and type 2 diabe- 
tes. Other causes are cigarette smok- 
ing, very high carbohydrate intakes 
(>60% of calories), and certain drugs 
(eg, P-blockers, anabolic steroids, pro- 
gestational agents). 

ATP III does not specify a goal for HDL 
raising. Although clinical trial results sug- 
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gest that raising HDLwill reduce risk, the 
evidence is insufficient to specify a goal 
of therapy. Furthermore, currentlyavail- 
able drugs do not robustly raise HDL cho- 
lesterol. Nonetheless, a low HDLshould 
receive clinical attention and manage- 
ment according to the following 
sequence. In all persons with low HDL 
cholesterol, the primary target of therapy 
is LDL cholesterol; ATP III guidelines 
should be followed to achieve the LDL 
cholesterol goal. Second, after the LDL 
goal has been reached, emphasis shifts 
to weight reduction and increased physi- 
cal activity (when the metabolic syn- 
drome is present). When a low HDL 
cholesterol is associated with high tri- 
glycerides (200-499 mg/dL) , secondary 
priority goes to achieving the non-HDL 
cholesterol goal, as outlined earlier. Also, 
if triglycerides are <200 mg/dL (iso- 
lated low HDL cholesterol), drugs for 
HDL raising (fibrates or nicotinic acid) 
can be considered; however, treatment 
for isolated low HDL is mostly reserved 
for persons with CHD and CHD risk 
equivalents. 

Diabetic Dyslipidemia. This disorder 
is essentially atherogenic dyslipidemia in 
persons with type 2 diabetes. Although 
elevated triglycerides, low HDL choles- 
terol, or both are common in persons 
with diabetes, clinical trial results sup- 
port the identification of LDL choles- 
terol as the primary target of therapy, as 
it is in those without diabetes. Since dia- 
betes is designated a CHD risk equiva- 
lent in ATP III, the LDL cholesterol goal 
of therapy for most persons with diabe- 
tes will be <lo0 mg/dL. Furthermore, 
when LDL cholesterol is 2 130 mg/dL, 
most persons with diabetes will require 
initiation of LDL-lowering drugs simul- 
taneously with TLC to achieve the LDL 
go-al. When LDL cholesterol levels are in 
the range of 100-129 mg/dL at baseline 
or on treatment, several therapeutic op- 
tions are available: increasing intensity 
of LDL-lowering therapy, adding a drug 
to modify atherogenic dyslipidemia (fi- 
brate or nice tinic acid), or intensifying 
control of other risk factors including hy- 
perglycemia. When triglyceride levels are 
2200 mg/dL, non-HDL cholesterol be- 
comes a secondary target of cholesterol- 

lowering therapy. Several ongoing clini 
cal trials (eg, Antihypertensive and Lipic 
Lowering Heart Attack Trial [ALLHAT] 1 
will better quantify the magnitude of tht 
benefit of LDL-lowering treatment ir 
older individuals with diabetes. In oldel 
persons (265 years) with diabetes bu, 
no additional CHD risk factors other thar 
age, clinical judgment is required for how 
intensively to apply these guidelines 
A variety of factors, including concomi 
tant illnesses, general health status, ant 
social issues, may influence treatmeni 
decisions and may suggest a more con 
servative approach. 

Special Considerations for 
Different Population Groups 
Middle-Aged Men (35-65 Years). In gen- 
eral, men have a higher risk for CHD thar 
do women. Middle-aged men in particu- 
lar have a high prevalence of the major 
risk factors and are predisposed to ab- 
dominal obesity and the metabolic syn- 
drome. A sizable fraction of all CHD in 
men occurs in middle age. Thus, many 
middle-aged men carry a relatively high 
risk for CHD, and for those who do, in- 
tensive LDL-lowering therapy is needed. 

Women Aged 45-75 Years. In women. 
onset of CHD generally is delayed by 
some 10 to 15 years compared with that 
in men; thus, most CHD in women oc- 
curs after age 65 years. All risk factors 
contribute to CHD in women, and most 
premature CHD in women (<65 years) 
occurs in those with multiple risk fac- 
tors and the metabolic syndrome. De- 
spite the previous belief that the sex 
difference in risk for CHD reflects a pro- 
tective effect of estrogen in women, re- 
cent secondary and -primary preven- 
tion trials cast doubt on the use of 
hormone replacement therapy to re- 
duce CHD risk in postmenopausal 
women. In contrast, the favorable ef- 
fects of statin therapy in women in clini- 
cal trials make a cholesterol-lowering 
drug preferable to hormone replace- 
ment therapy for CHD risk reduction. 
Women should be treated similarly to 
men for secondary prevention. For pri- 
mary prevention, ATP III’s general ap- 
proach is similarly applicable for 
women and men. However, the later on- 
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Table IO. Interventions to Improie 
Adherence 

Focus on the Patient 
l Simplify medication regimens 
l Provide explicit patient instruction and use good 

counseling techniques to teach the patient how 
to follow the prescribed treatment 

l Encourage the use of prompts to help patients 
remember treatment regimens 

l Use systems to reinforce adherence and 
maintain contact with the patient 

l Encourage the support of family and friends 
l Reinforce and reward adherence 
l Increase visits for patients unable to achieve 

treatment goal 
l Increase the convenience and access to care 
l Involve patients in their care through 

self-monitoring 

Focus on the Physician and Medical Office 
l Teach physicians to implement lipid treatment 

guidelines 
l Use reminders to prompt physicians to attend 

to lipid management 
l identify a patient advocate in the office to help 

deliver or prompt care 
l Use patients to prompt preventive care 
l Develop a standardized treatment plan to 

structure care 
l Use feedback from past performance to foster 

change in future care 
l Remind patients of appointments and follow up 

missed appointments 

Focus on the Health Delivery System 
l Provide lipid management through a lipid clinic 
l Utilize case management by nurses 
l Deploy telemedicine 
l Utilize the collaborative care of pharmacists 
l Execute critical care pathways in hospitals 

set of CHD for women in general should 
be factored into clinical decisions about 
use of cholesterol-lowering drugs. 

Older Adults (Men 265 Years and 
Women 275 Years). Overall, most new 
CHD events and most coronary deaths 
occur in older persons (265 years). A 
high level of LDL cholesterol and low 
HDL cholesterol still carry predictive 
power for the development of CHD in 
older persons. Nevertheless, the find- 
ing of advanced subclinical atheroscle- 
rosis by noninvasive testing can be help- 
ful for confirming the presence of high 
risk in older persons. Secondary pre- 
vention trials with statins have in- 
cluded a sizable num&r of older $er- 
sons, mostly in the age range of 65 to 
75 years. In these trials, older persons 
showed significant risk reduction with 
statin therapy. Thus, no hard-and-fast 
age restrictions appear necessary when 
selecting persons with established CHD 
for LDL-lowering therapy. For pri- 

mary prevention, TLC is the first line 
of therapy for older persons. How- 
ever, LDL-lowering drugs can also be 
considered when older persons are at 
higher risk because of multiple risk fac- 
tors or advanced subclinical athero- 
sclerosis. 

Younger Adults (Men 20-35 Years; 
Women 20-45 Years). In this age group, 
CHD is rare except in those with se- 
vere risk factors, eg, familial hypercho- 
lesterolemia, heavy cigarette smoking, 
or diabetes. Even though clinical CHD 
is relatively rare in young adults, coro- 
nary atherosclerosis in its early stages 
may progress rapidly. The rate of devel- 
opment of coronary atherosclerosis ear- 
lier in life correlates with the major risk 
factors. In particular, long-term pro- 
spective studies reveal that elevated se- 
rum cholesterol detected in young adult- 
hood predicts a higher rate of premature 
CHD in middle age. Thus, risk factor 
identification in young adults is an im- 
portant aim for long-term prevention. 
The combination of early detection and 
early intervention on elevated LDL cho- 
lesterol with life-habit changes offers the 
opportunity for delaying or preventing 
onset of CHD later in life. For young 
adults with LDL cholesterol levels of 
2 130 mg/dL, TLC should be instituted 
and emphasized. Particular attention 
should be given to young men who 
smoke and have a high LDL choles- 
terol (160-189 mg/dL); they may be can- 
didates for LDL-lowering drugs. When 
young adults have very high LDL cho- 
lesterol levels (2190 mg/dL), drug 
therapy should be considered, as in other 
adults. Those with severe genetic forms 
of hypercholesterolemia may require 
LDL-lowering drugs in combination (eg, 
statin+bile acid sequestrant). 

Racial and Ethnic Groups. African 
Americans have the highest overall 
CHD mortality rate and the highest out- 
of-hospital coronary death rates of any 
ethnic group in the United States, par- 
ticularly at younger ages. Although the 
reasons for the excess CHD mortality 
among African Americans have not 
been fully elucidated, it can be ac- 
counted for, at least in part, by the high 
prevalence of coronary risk factors. Hy- 

pertension, left ventricular hypertro- 
phy, diabetes mellitus, cigarette smok- 
ing, obesity, physical inactivity, and 
multiple CHD risk factors a11 occur 
more frequently in African Americans 
than in whites. Other ethnic groups and 
minority populations in the United 
States include Hispanics, Native Ameri- 
cans, Asian and Pacific Islanders, and 
South Asians. Although limited data 
suggest that racial and ethnic groups 
vary somewhat in baseline risk for 
CHD, this evidence did not appear 
sufficient to lead the ATP III panel to 
modify general recommendations 
for cholesterol management in these 
populations. 

ADHERENCE TO 
LDL-LOWERING THERAPY 
Adherence to the ATP III guidelines by 
both patients and providers is a key to 
approximating the magnitude of the 
benefits demonstrated in clinical tri- 
als of cholesterol lowering. Adher- 
ence issues have to be addressed to at- 
tain the highest possible levels of CHD 
risk reduction. Thus, ATP III recom- 
mends the use of state-of-the-art mul- 
tidisciplinary methods targeting the pa- 
tient, clinicians, and health delivery 
systems to achieve the full population 
effectiveness of the guidelines for 
primary and secondary prevention 
(TABLE 10). 
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APPENDIX 

Shared Features of ATP III and ATP II 

Adult Treatment Panel (ATP) III shares a set of core features with ATP II, 
shown in Table A. 

Table A. Shared Features of ATP III and ATP II* 

0 Continued identification of LDL cholesterol lowering as the primary goal of therapy 
l Consideration of high LDL cholesterol (~160 mg/dL) as a potential target for LDL-lowering 

drug therapy, specifically as foilows: 
For persons with multiple risk factors whose LDL levels are high (2160 mg/dL) after 

dietary therapy, consideration of drug therapy is recommended 
For persons with O-l risk factor, consideration of drug therapy (after dietary therapy) is 

optional for LDL 160-l 89 mg/dL and recommended for LDL 2180 mg/dL 
l Emphasis on intensive LDL-lowering therapy in persons with established CHD 
l Identification of 3 categories of risk for different LDL goals and different intensities of 

LDL-lowering therapy: 
CHD and CHD risk equivalentst (other forms of clinical atherosclerotic disease) 
Multiple (2~) risk factors$ 
O-l risk factor 

l Identification of subpopulations. besides middle-aged men, for detection of high LDL 
cholesterol (and other lipid risk factors) and for clinical intervention. These include: 

Young adults 
Postmenopausal women 
Older persons 

l Emphasis on weight loss and physical activity to enhance risk reduction in persons with 
elevated LDL cholesterol 

*ATP indicates Adult Treatment Panel; LDL. low-density lipoprotein: and CHD. coronary heart disease. 
$A CHD risk equivalent is a condition that cam& an absolute risk for developing new CHD equal to the risk for 

having recurrent CHD events in persons with established CHD. 
$Risk factors that continue to modify the LDL goal include cigarette smoking, hypertension, low HDL choles- 

terol, family history of preiniture CHD, age (male 245 years and female ~55 yea@, and diabetes (in ATP 
III diabetes is regarded as a Cl-ID risk equivalent). 

Estimating lo-Year Risk for Men and Women 
Risk assessment for determining the lo-year risk for developing CHD is 
carried out using Framingham risk scoring (Table Bl for men and Table 
82 for women). The risk factors included in the Framingham calculation 
of lo-year risk are age, total cholesterol, HDL cholesterol, systolic blood 
pressure, treatment for hypertension, and cigarette smoking. The first step 
is to calculate the number of points for each risk factor. For initial assess- 
ment, values for total cholesterol and HDL cholesterol are required. Be- 
cause of a larger database, Framingham estimates are more robust for to- 
tal cholesterol than for LDL cholesterol. Note, however, that the LDL 
cholesterol level remains the primary target of therapy. Total cholesterol 
and HDL cholesterol values should be the average of at least 2 measure- 
ments obtained from lipoprotein analysis. The blood pressufe value used 
is that obtained at the time of assessment, regardless of whether the per- 
son is on antihypertensive therapy. However, if the person is on antihy- 
pertensive treatment, an extra point is added beyond points for the blood 
pressure reading because treated hypertension carries residual risk (Tables 
Bl and B2). The average of several blood pressure measurements, as rec- 
ommended by the Joint National Committee (JNC), is needed for an ac- 
curate measure of baseline blood pressure. The designation “smoker” means 
any cigarette smoking in the past month. The total risk score sums the 
points for each risk factor. The lo-year risk for myocardial infarction and 
coronary death (hard CHD) is estimated from total points, and the person 
is categorized according to absolute IO-year risk as indicated above (see 
Table 5). 



I 

SUMMARYOFTHENCEPADULTTREATMENTPANELIIIREPORT 

Table Bl. Estimate of IO-Year Risk for Men Table B2. Estimate of IO-Year Risk for Women 
(Framingham Point Scores) (Framingham Point Scores) 

4% Y Points 
20-34 -9 
35-39 -4 
40-44 0 
45-49 3 
50-54 6 
55-59 
60-64 
65-69 
70-74 
75-79 

8 
10 
11 
12 
13 

Points 
Total I 1 

Cholesterol, Age Age Age Age Age 
mg/dL 20-39~ 40-49~ 50-59~ 60-69~ 70-79 y 
<160 0 0 0 0 0 

160-I 99 1 
200-239 7” i z 
240-279 9 4 : 1 

2280 11 5 3 1 

, 
Points 

I 
Age Age Age Age Age 

20-3s y 40-4s y 50-5s y 60-69 y 70-7s y 
Nonsmoker 0 0 0 0 0 
Smoker a 5 3 1 1 

HDL, mg/dL 
260 

50-59 

40-49 240 

Points 
-1 

0 

: 

Systolic BP, mm Hg If Untreated If Treated 
<I20 0 

120-129 : 1 

130-139 1 
140-159 : 

; 
~160 3 

Point Total lo-Year Risk, % 
10 <1 

0 1 
I 1 

Aae. v Points 
20-34 -7 
35-39 -3 
40-44 0 
45-49 3 
50-54 6 
55-59 8 
60-64 IO 
65-69 
70-74 :: 
%-79 16 

Points 
Total I I 

Cholesterol, Age Age: Age Age Age 
mg/dL 20-39~ 40-49~ 50-59~ 60-69~ 70-79~ 
cl60 0 0 0 0 0 

160-199 

200-239 : : 

2 1 1 

4 2 240-279 11 8 5 3 : 
z-280 13 IO 7 4 2 

Points 
I I 

Age Age Age Age Age 
20-3s y 40-4s y 50-5s y 60-69 y 70-7s y 

Nonsmoker 0 0 0 0 0 
Smoker 9 7 4 2 1 

HDL, mg/dL 
z-60 

50-59 
40-49 
140 

Points 
-1 

0 

: 

Systolic BP, mm Hg 
Cl20 

120-129 
130-I 39 
140-159 

~160 

If Untreated 
0 
: 

3 
4 

If Treated 

z 
4 
5 
6 

Point Total 
<9 

9 

1 O-Year Risk, % 
<l 

1 
.I 

i 
14 
15 : 
16 4 
17 5 

6 
8 

11 
14 

23 :3 
24 27 

2-25 =30 

I 
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