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Good afternoon. I’m Dr. Greg Miller, Senior Vice President, Nutrition & 

Scientific Affairs, for the National Dairy Council. 

We commend the FDA and the Obesity Working Group for undertaking 

such an important initiative, as obesity is one of the key health issues 

facing Americans today. For more than 85 years the National Dairy 

Council has worked to advance the state of scientific knowledge on the 

role and value of dairy foods in promoting and enhancing human 

nutrition and health, and we look forward to assisting you in any way 

possible to help consumers build healthy diets that promote health, 

prevent disease, and help maintain ideal body weight. 

You asked for comments on 6 questions specific to developing solutions 

to the obesity problem in America. Before I address some of those 

questions, I have a few overarching comments that I would like to make. 
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First, though there are many tools available today to help consumers 

make better diet decisions, including the Dietary Guidelines and 

USDA’s Food Guide Pyramid, Americans are not following the 

government’s nutrition recommendations. Only l-3 percent of 

Americans are actually following the PyramidI; however, this does not 

necessarily mean that the tools are ineffective. It illustrates that 

Americans need more help turning the information in those guidelines 

into action for better health. 

One way to do this is to simplify consumer education materials by 

including consistent information. For example, if the Food Guide 

Pyramid, Dietary Guidelines and food labels - including the nutrition 

facts panel, used the same serving size references, you could project that 

American’s could more easily build a pyramid-based diet by using the 

information on the nutrition facts panel of the foods they purchase. 

Today that’s not possible. 

’ 2001 study in the Journal of Nutrition 
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Consistency in information, like serving sizes, might promote behavior 

change and help to close the large gap between recommendations and 

compliance. 

Second, in Tommy Thompson’s recent remarks at the National Food 

Policy Conference, he said, “So many of our chronic, debilitating 

illnesses can be prevented through lifestyle choices.” 

The staggering statistics demonstrate that Americans do not fully 

comprehend how what they eat, and what they do or don’t do over a 

period of time, translates into their weight. Helping Americans and 

especially children understand energy balance, and how to select 

foods to build a nutritionally adequate diet that is appropriately 

balanced for the level of energy expended, could go a long way 

toward prevention of obesity and its many related diseases. 

Today, food labels focus on energy in, but not the other half, how to 

balance it with energy out. Labels could be an important tool in the 

prevention of obesity and related diseases by helping consumers 

understand the concept of energy balance, so they can more easily 
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select foods to build a nutritionally sound diet that is appropriately 

balanced for the level of energy expended. 

Finally, there will be many great ideas that come out of today’s meeting 

and subsequent written comments for FDA consideration. But we know 

there is no single, easy answer. We commend you for your use of a 

scientific, evidence-based approach to energy balance, weight loss and 

weight management, and for leading this initiative to ensure that the 

best, most accurate health information is being delivered to Americans. 

We also commend your continued enforcement of fraudulent weight 

loss claims, which will help reduce consumer confusion, directing them 

toward positive, life long changes for weight loss and overall better 

health. 

Now, I’d like to address some of your questions, as they relate 

specifically to dairy. 
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In response to Question 3 on the available evidence to guide public 

efforts to prevent and treat obesity: 

A growing body of evidence suggests that milk, cheese and yogurt may 

play a role in weight management efforts when coupled with a 

balanced, reduced-calorie diet. As the nation focuses on preventing 

obesity and weight gain, it is important for consumers to understand 

that dietary calcium, especially from dairy products, may play an 

important role in the regulation of energy metabolism, resulting in a 

reduction in body fat and an acceleration of weight and fat loss during 

caloric restrictions. A number of studies over the past five years have 

looked at this connection. 

The current science indicates that increasing calcium intakes to 

adequate levels can enhance the effectiveness of a balanced reduced 

calorie diet for weight and body fat loss, but the impact is more 

dramatic when the calcium is delivered along with the package of 

nutrients found in dairy foods. While more research continues to 



unfold, this science is important as it relates to prevention and 

treatment of obesity. 

I’d like to address Questions 4 and 5 together - changes in food labeling 

to develop and promote lower calorie foods and opportunities that exist 

for development of healthier foods. 

Science and history show that one-dimensional strategies, such as low 

calorie or low fat, do not provide a magic bullet for the development of 

better diets for weight management. We’ve already undergone years of 

the low-fat craze, and yet Americans have gained more weight than 

ever. Promotion and development of low calorie foods alone will not 

prevent or reduce the rates of obesity. 

It is scary to think - but if you take a low-calorie focus to the extreme, 

individuals could eat low calorie foods and still suffer from a host of 

chronic diseases - precisely because they are not getting the nutrients 

they need to promote health or prevent disease. One could project that 

this approach could continue to distort consumer behavior rather than 
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help educate consumers on the right balance of foods and physical 

activity for a healthy weight. 

People eat food, not calories. It is not the number of calories on the 

nutrition facts panel, or the energy density of the individual food, 

that builds a nutritious diet. The overall nutrition and the health 

benefits that those calories deliver is what really matters, balanced 

with appropriate physical activity. Dairy foods have been shown to 

be important for bone health; and as I mentioned a minute ago, we 

are learning that nutrients in dairy that are good for bones may also 

be good for weight management. Clinical trials have shown that the 

calcium in dairy may play a role in helping to reduce weight. 

Additionally, studies have shown that people who follow moderate 

fat diets have better compliance and success with weight 

management? Nutritious foods like dairy - that science shows can 

help control body fat and deliver a variety of important nutrients - 

are part of the solution. This is important for consumers to know. 

2 2003 PREMIER study in the Journal of American Medical Association 
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Food labels and other educational tools can help consumers build 

healthier - not just lower calorie - diets that optimize personal energy 

balance and help manage weight. 

I will briefly address Question 6 about the most important things FDA 

could do to make a significant difference in the obesity effort. 

I’m sure we all agree that physical activity should be a main area of 

focus. Forty percent of adults over 18 engage in NO leisure-time 

physical activity and only 23 percent report regular, vigorous exercise 3 

or more days a week 3. When you combine Americans low energy 

output with high energy intake - and tack on the gap between nutrition 

recommendations and consumer compliance - it paints a grim picture. 

Properly regulated through a scientific evidence-based process, the 

FDA’s on-label Qualified Health Claims will create more awareness of 

emerging science and help consumers make more informed decisions 

about the foods they choose. 

3 Healthy People 2010 
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We might begin tackling the obesity epidemic with the following 

implementation considerations: 

o consistent information across educational tools, such as serving 

sizes; 

o a focus on prevention by helping consumers understand the 

concept of energy balance on labels, so they can turn it into an 

action plan suitable to their individual lifestyles; 

o a communications plan to convey the information in a consumer- 

relevant way with multiple touch-points, from labels to marketing 

to government nutrition guidelines; 

o scientific, evidence-based solutions for selecting foods that are part 

of the solution to weight management; and 

o a pilot test to determine effectiveness and feasibility of any 

proposed plan before serving it up to Americans. 

The combination of these things could start to make a sizeable difference 

in the prevention and treatment of obesity. 
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As you work toward solutions to the problems of obesity, please do not 

hesitate to contact me if you would like additional information. Thank 

you for your consideration. 
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DAIRY’S ROLE IN WEIGHT MANAGEMENT 
The Supporting Evidence Continues to Grow 

A growing body of research suggests that milk, cheese and yogurt may play a role in weight management 
efforts when coupled with a balanced reduced-calorie diet. Additional research is being conducted in this 
exciting area of nutrition. 

Adults 

l This research review concluded that dietary calcium may play an important role in the regulation of 
energy metabolism and may result in a reduction of body fat and an acceleration of weight and fat loss 
during caloric restriction. This review also concluded that dairy sources of calcium demonstrate 
substantially greater effects than supplemental or fortified sources. 
Zemel, MB. Role of dietary calcium and dairy products in modulating adiposity. Lipids. 2003; 38(2): 139-146. 

l Dietary calcium may play a role in regulating body weight, supporting the hypothesis that increasing 
dietary calcium or dairy intake may reduce future weight gain. 
Parikh SJ, et al. Calcium intake and adiposity. American Journal of Clinical Nutrition. 2003; 77:281-287. 

. A research review concluded that nutrients found in dairy, including calcium, may contribute to the 
reduction of body weight, body fat and insulin resistance syndrome. 
Teegarden D, et al. Symposium: Dairy product components and weight regulation. Journal of Nutrition. 2003; 133: 2438- 
2568. 

l Data from over 550 women was reevaluated to assess the effects of calcium on weight gain. While 
calcium is only one factor that potentially affects obesity, findings from this reanalysis of data suggest 
that increasing calcium intakes to recommended levels may reduce the incidence of overweight and 
obesity by 60-80% in a population. This is an estimate and the conclusion is based on data projection. 
Heaney RP, et al. Normalizing calcium intake: Projected population effects for body weight. Journal of Nutrition. 2003; 
133:2688-2703. 

l Low daily calcium intake was associated with greater body fat and body weight, particularly in women. 
Jacqmain M, et al. Calcium intake, body composition, and lipoprotein-lipid concentrations in adults. American Journal of 
Clinical Nutrition. 2003; 77:1448-1452. 

l In a study involving 35 non-obese, healthy adults, a higher dietary calcium intake over a 24-hour period 
was associated with burning significantly more body fat, even during sleep. 
Melanson EL, et al, Relation between calcium intake and fat oxidation in adult humans. International Journal of Obesity. 
2003; 27: 196-203. 

l Consuming a diet high in fruit, vegetables, reduced-fat dairy and whole grains, and low in red and 
processed meat, fast food and soda, was associated with smaller gains in body mass and waist 
circumference. 
Newby PK, et al. Dietary patterns and changes in body mass index and waist circumference in adults. American Journal of 
Clinical Nutrition. 2003; 77:1417-1425. 

* Obese people who consumed three to four servings of milk, yogurt or cheese while on a balanced, reduced 
calorie diet, lost significantly more weight and fat than those who consumed equivalent amounts of calcium 
through supplements, or who consumed one or fewer servings of milk, yogurt or cheese per day. 
Zemel MB, et al. Dietary calcium and dairy products accelerate weight and fat loss during energy restriction in obese adults. 
American Journal of Clinical Nutrition. 2002; 75(28):3428. Abstract. 
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l Among overweight young adults, increased dairy consumption may protect overweight individuals from 
the development of obesity and insulin resistance syndrome and may reduce the risk of type-2 diabetes 
and cardiovascular disease. Obesity is one of the risk factors of insulin resistance syndrome. 
Periera MA, et al. Dairy consumption, obesity, and the insulin resistance syndrome in young adults: The CARDIA Study. 
Journal of the American Med ical Association. 2002; 287:208 l-2089. 

l Women who consumed higher levels of calcium, the ma jority of which came from dairy products, had 
lower body weights than women who consumed less calcium. Results from this study indicated that 
women weighed an average of 17.6 pounds less for every 1,000 mg of calcium consumed. 
Davies KM, et al. Calcium intake and body weight. Journal of Clinical Endocrinology cfi Metabolism. 2000; 85(12): 4635- 
4638. 

Children and Adolescents 

l Adolescent boys who drank three servings of m ilk daily while participating in a standardized strength 
training program had significantly greater increases in bone m ineral density and a better overall nutrient 
profile with significantly higher intakes of vitamin A, vitamin D, riboflavin, calcium and phosphorous, 
than boys who drank juice. The author noted that although not statistically significant, there were trends 
for the m ilk group to lose more body fat after training. 
Volek JS, et al. Increasing fluid m ilk favorably affects bone m ineral density responses to resistance training in adolescent 
boys. Journal of the American Dietetic Association. 2003; 103:1353-1356. 

l Girls ages 9-14 who consumed diets rich in calcium weighed less and had less abdominal fat than girls 
who consumed less calcium. For every 300 m illigrams of calcium consumed, girls were, on average, 1.9 
pounds lighter. 
Novotny R, et al. Higher dairy intake is associated with lower body fat during adolescence. FASEB Journal. 2003; 
17(4):A453.8. Abstract. 

l Dairy consumption in adolescent girls is not associated with a higher body mass index (BMI) or an 
increase in percentage of body fat. 
Phillips SM, et al. Dairy food consumption and body weight and fatness studied longitudinally over the adolescent period. 
International Journal of Obesity. 2003; 27(9):1106-l 113. 

l In this study, a children’s diet rich in calcium and dairy foods was associated with lower body fat than a 
children’s diet with lower calcium and dairy product intakes. 
Carruth BR, et al. The role of dietary calcium and other nutrients in moderat ing body fat in preschool children. Znternational 
Journal of Obesity. 2001; 25x559-566. 

Additional resources include the www.healthyweightwithdairy.com Web  site, the Dairy Council Digest titled 
“W e ight Control: An Emerging BeneJcial Role for Dairy ” and the Healthy W e ight Health Education Kit 

available at www,nationaldaivycouncil.org. 

Call (312) 240-2880for more information. 
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Role of Dietary Calcium and Dairy Products 
in Modulating Adiposity 

Michael B. Zemel* 
Departments of Nutrition and Medicine, The University of Tennessee, Knoxville, Tennessee 37996 

ABSTRACT: Dietary calcium plays a pivotal role in the regu- 
lation of energy metabolism. High-calcium diets attenuate 
adipocyte lipid accretion and weight gain during overconsump- 
tion of an energy-dense diet and increase lipolysis and preserve 
thermogenesis during caloric restriction, thereby markedly ac- 
celerating weight loss. Our studies of the agouti gene demon- 
strate a key role for intracellular Ca2+ in regulating adipocyte 
lipid metabolism and TC storage. Increased intracellular Ca2+ 
resulting in stimulation of lipogenic gene expression, and lipo- 
genesis and suppression of lipolysis resulting in adipocyte lipid 
filling and increased adiposity Moreover, we recently demon- 
strated that the increased calcltriol produced in response to low- 
calcium diets stimulates adipocyte Ca2+ influx and, conse- 
cluentiy, promotes adiposity. Accordiligly, suppressing calcitriol 
levels by increasing dietary calcium is an attractive target for 
obesity intervention. In support of this concept, transgenic mice 
expressing the agouti gene specifically in adipocytes (a human- 
like pattern) respond to low-calcium diets with accelerated 
weight gain and fat accretion, whereas high-calcium diets 
markedly inhibit lipogenesis, accelerate lipolysis, increase ther- 
mogenesis, and suppress fat accretion and weight gain in ani- 
mals maintained at identical caloric intakes. Further, low-cal- 
cium diets impede bocly fat loss, whereas high-calcium diets 
markedly accelerate fat loss in transgenic mice subjected to 
caloric restriction. Dairy sources of calcium exert markedly 
greater effects in attenuating weight and fat gain and accelerat- 
ing fat loss. This augmented effect of dairy products is likely due 
to additional bioactive compounds in dairy that act synergisti- 
cally with calcium to attenuate adiposity. These concepts are 
confirmed by both epidemiological and clinical data, which 
demonstrate that increasing dietary calcium results in signifi- 
cant reductions in adipose tissue mass in obese humans in the 
absence of caloric restriction and markedly accelerates the 
weight and body fat loss secondary to caloric restriction, 
whereas dairy products exert significantly greater effects. These 
data indicate an important role for dairy products in both the 
prevention and treatment of obesity. 

Paper no. L9245 in Lipids 38, 139-l 40 (February 2003). 

A substantial body of evidence has emerged over the last 3 yr 
to support what may appear to be a very unlikely concept: that 
dietary calcium may play a role in the regulation of energy 

*Address correspondence at Department of Nutrition, The University of Ten- 
nessee Nutrition Institute, 1215 W. Cumberland Ave., Room 229, Knoxville, 
TN 37996. E-mail: mzemel@utk.edu 
Abbreviations: ACE, angiotensin-converting enzyme; FAS, fatty acid syn- 
thase; 1,25-(OH2)-D. 1,2.5-dihydroxy-vitamin D; RAS, renin-angiotensin 
system; SUR, sulfonylurea receptor; UCP2. uncoupling protein 2. 

metabolism and in modulating obesity risk. We first observed 
an “antiobesity” effect of dietary calcium accidentally, during 
the course of a study investigating the antihypertensive effect 
of dairy products in African Americans. We noted that adding 
calcium-rich dairy foods (yogurt) to the daily diet resulted in 
significant reductions in body fat and circulating insulin (1) 
as well as a sustained reduction in intracellular calcium and 
an antihypertensive effect (2,3). Twelve months of yogurt 
supplementation, sufficient to raise daily calcium intake from 
approximately 400 to approximately 1,000 mg/d, resulted in 
significant decreases in both serum insulin (from 22 ir 3 to 14 
+ 4 j.iU/mL, P < 0.03) and body fat (from 32.3 -+ 2.6 to 27.4 ris 
3.1 kg fat, P < 0.01 by repeated measures comparison). Al- 
though these data were inexplicable to us at the time, our re- 
cent studies of the mechanism of action of the agouti gene in 
obesity and insulin resistance have provided a compelling 
mechanism that has now been confirmed in a series of studies 
described in this review. These data demonstrate a key role 
for intracellular Ca2’ in the regulation of both murine and 
human adipocyte metabolism, resulting in modulation of 
adipocyte TG stores, as described below. Since intracellular 
Ca’+ can clearly be modulated by calcitrophic hormones, in- 
cluding 1,25-dihydroxy-vitamin D [ 1,25-(OH)z-D1 and 
parathyroid hormone, these data provide a theoretical frame- 
work that may explain our earlier clinical trial observations 
(1). The next portion of this review is devoted to a portrayal 
of these findings. 

AGOUT/, INTRACELLULAR CALCEUM, AND OBESITY 

Most of the data describing the role of intracellular Ca” in 
human adipocyte metabolism derives from our recent studies 
of the mechanism of action of ngouti, the first of the obesity 
genes to be cloned (4). The C-terminai region of agouti pro- 
tein, which retains full functional activity relative to the in- 
tact protein in an in vitro assay system (5). exhibits a striking 
spatial homology in both number and spacing of cysteine 
residues to spider and snail venoms (o-conotoxins, plectox- 
ins), which target Ca2’ channels (6). Accordingly, the C-ter- 
minus may form a 3-D structure that is functionally similar to 
these venoms and may thereby serve to modulate Ca2+ trans- 
port. Indeed, we have reported that obese ngo~lti mutant mice 
(viable yellow, A”y) exhibit increases in both steady-state in- 
tracellular Ca2+ and Ca2+ influx in several tissues (7,8). This 
increase in intracellular Ca” was closely correlated with both 
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the degree of ectopic agouti expression and body weight (8), 
suggesting the possibility of a causal mechanism between in- 
tracellular Ca’+ and obesity in these animals. Since A”)’ mice 
exhibit elevated rates of adipocyte lipogenesis and increased 
adipocyte size relative to lean controls (9,10), we explored 
the links between agouti. intracellular Ca”, and regulatory 
enzymes in lipid metabolism. 

INTRACELLULAR CALCIUM REGULATES ADIPOCYTE 
LIPID METABOLISM 

Recombinant agouti protein directly increased Ca*+ influx 
and steady-state intracellular Ca*+ in a variety of cell types. 
including both murine and human adipocytes (7,8). This reg- 
ulation occurs in response to physiologically meaningful con- 
centrations of ngouti (EC,, of 18-62 nM, depending on cell 
type), and, although studies in HEK-293 cells demonstrate 
the dependence of this effect on the presence of intact 
melanocortin receptors, it is not dependent on melanocortin 
receptor antagonism (7). The role of these increases in Ca*’ 
in lipogenesis has been explored using fatty acid synthase 
(FAS), as this multifunctional enzyme is highly regulated by 
nutrients and hormones and is a key enzyme in de nova lipo- 
genesis. FAS expression and activity are markedly increased 
in AVy relative to control mice (1 l), and nanomolar concentra- 
tions of agouti protein stimulate cc(. twofold increases in FAS 
gene expression and activity and TG accumulation in 3T3-Ll 
adipocytes as well as in human adipocytes, similar to the 
maximal increases stimulated by insulin (11). These increases 
are mediated by a distinct agouti/Ca’+ response sequence in 
the FAS promoter (12). This sequence maps to the -435 to 
-415 region of the FAS promoter and is upstream of the in- 
sulin response element, which maps to -67 to -52, consistent 
with the observed additive effects of ugouti and insulin on 
FAS gene transcription (12). Further, we recently reported 
that ago&i exerts a regulatory effect on human FAS expres- 
sion i~z viva, and that there is a strong correlation between 
ngouti expression and FAS expression in adipose tissue ob- 
tained from normal volunteers (13). This ngouti modulation 
of FAS transcription appears to be mediated via intracellular 
Ca*‘, as it can be inhibited by Ca*+ antagonism (11,14) and 
can be mimicked in the absence of agouti by either receptor- 
or voltage-mediated Ca’+ channel activation (1.5). 

In addition to activating lipogenesis, recent data also indi- 
cate that increasing intracellular Ca*+ may also contribute to in- 
creased TG stores by inhibiting lipolysis. Increasing Ca’+ influx 
with either arginine vasopressin or epidermal growth factor was 
reported to inhibit lipolysis in rat adipocytes in a Ca’-’ dose- 
responsive fashion (16). Further. we have shown that the ngouti 
gene product similarly inhibits lipolysis in human adipocytes 
via a Ca*+-dependent mechanism (17). This inhibition can also 
be mimicked in the absence of agouti by either receptor- or volt- 
age-mediated Ca*’ channel activation (17). The antilipolytic 
effect of intracellular Ca’+ is due to a direct activation of phos- 
phodiesterase 3B, resulting in a decrease in CAMP and. conse- 
quently, reduced ability of agonists to stimulate phosphoryla- 
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tion and activation of hormone- sensitive lipase (13). Thus, 
agouti regulation of adipocyte intracellular Ca*+ appears to pro- 
mote TG storage in human adlpocytes by exerting a coordinated 
control of lipogenesis and lipolysis, serving to stimulate the for- 
mer and inhibit the latter simultaneously. 

However, it is important to note that ~rgo~ltl interaction 
with msulin is required for the full expression of ngouti- 
induced obesity. Agoutl and insulin exert independent, addi- 
tive effects on FAS transcription and llpogenesis (12). Since 
increased intracellular Ca’-’ is the proximate signal for msulin 
release, and ngo& regulates CaZC in several cell types (7), it 
is reasonable to speculate that ago& may stimulate insulin 
release as well. Indeed. we recently found that agouti is ex- 
pressed in human pancreas and stimulates Ca2+ signaling in 
rat, hamster, and human pancreatic p cells (18). Further, hy- 
perplasia of p cells precedes the development of obesity in 
ngouti mutant mice, suggesting that hyperinsulinemia may be 
a direct effect of ugouti acting on the pancreas and that the 
combination of this hyperinsulinemia and agozcti-stimulated 
adipocyte Ca” influx may lead to obesity. In support of this 
concept, transgenic mice expressing agouti at high levels in 
adipose tissue under the control of the aP2 promoter become 
obese if they are also hyperinsulinemic as a result of either 
exogenous insulin or a high-sucrose diet, whereas hyperinsu- 
linemia was without effect in nontransgenic littermate con- 
trols (19-21). Since humans exhibit a similar pattern of 
adipocyte ngozrti expression (22), similar agoutilinsulinlCa’+ 
interactions may result in excessive adipocyte TG storage. 

Taken together, these data indicate that regulation of 
adipocyte and pancreatic intracellular Ca’* may be an impor- 
tant target for the development of therapeutic strategies for 
the prevention and treatment of obesity (14). This concept is 
summarized in Figure 1. 

To further evaluate this hypothesis, ugojlti-expressing 
transgenic mice were treated with high doses of a Ca2’ chan- 
nel antagonist, nifedipine. This treatment resulted in an 18% 
reduction in fat pad mass and completely normalized the 
ago&i-induced hyperinsulinemia over a 4-wk treatment pe- 
riod in the transgenic mice, but was without effect in the non- 
transgenic littermate controls (23). Thus, adipocyte and/or 
pancreatic P-cell Ca*+ appears to be a reasonable therapeutic 
target for the treatment and/or prevention of obesity. 

We recently extended this concept by demonstrating that 
human adipocytes express a sulfonylurea receptor (SUR) that 
exerts a regulatory effect on the Ca*+ channel and, conse- 
quently, modulates adipocyte lipid accumulation (15.24). 
Compounds acting on the pancreatic SUR to increase (e.g., 
glinbeclamide) or decrease (e.g., diazoxide) intracellular Ca*’ 
(indirectly, via a K+-ATP channel) Krause corresponding in- 
creases and decreases in weight gain, although these effects 
have previously been attributed to the effects of these com- 
pounds on circulating insulin. However, the identification of 
SUR expression in human adipocytes (15) suggests that it 
may modulate adipocyte Ca *+ flux and thereby regulate lipid 
metabolism. Indeed, the SUR agonist glinbeclamide increases 
human adipocyte intracellular Ca’+ and thereby causes 
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FIG. 1. Ca*+-mediated mechanisms of agoL!fi regulation of adiposity. FAS, fatty acid synthase. 
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marked increases in lipogenic enzyme activity and inhibition 
of lipolysis. Moreover, inhibition of the adipocyte SUR-regu- 
lated Ca2+ channel with diazoxide completely prevents each 
of these effects. Accordingly, the adipocyte SUR may repre- 
sent a new target for the development of pharmacological 
interventions in obesity (15). In support of this concept, dia- 
zoxide has been demonstrated to exert significant antiobesity 
effects in both obese Zucker rats and hyperinsulinemic obese 
adults (25-27). Although this effect was attributed to actions 
on pancreatic P-cell insulin release, we subsequently found 
diazoxide treatment significantly suppresses adipose tissue 
FAS and lipoprotein lipase in obese Zucker rats (24). 

ROLE OF 1,25-(OH&-D IN REGULATING ADIPOCYTE 
Ca” AND LIPID METABOLISM 

Based on these findings and on our earlier observations of di- 
etary calcium-induced reductions in adiposity, we proposed 
that the elevations in 1,25-(OH,)-D that occur in response to 
low-calcium diets may stimulate adipocyte Ca2+ influx and 
thereby increase adiposity. Indeed, we recently reported that 
1,25-(OH,)-D stimulates significant Ca*+ influx and sustained 
dose-responsive increases in steady-state intracellular Ca2” in 
primary cultures of human adipocytes (1). Moreover, treat- 
ment of human adipocytes with 1,25-(OH,)-D resulted in a 
coordinated activation of FAS and inhibition of lipolysis, sim- 
ilar to the action of ngouti on these cells (1,28). Consequently, 
suppression of 1,2S-(OH&-D with high-calcium diets would 
be anticipated to reduce adipocyte intracellular Ca2+, inhibit 
FAS, and activate lipolysis, thereby exerting an antiobesity 
effect. This concept is summarized in Figure 2. 

DIETARY CALCIUM MODULATION OF ADIPOSITY 

This concept was confirmed in transgenic mice expressing 
agouti in adipose tissue under the control of the aP2 promoter. 
Mice placed on low-calcium (0.4%)/high-fat/high-sucrose 
diets for 6 wk exhibited marked increases in adipocyte lipo- 
genesis, inhibited lipolysis, and accelerated increases in body 
weight and adipose tissue mass. However, high-calcium 
(1.2%) diets reduced lipogenesis by S 1% and stimulated 
lipolysis three- to fivefold, resulting in 26-39s reductions in 
body weight and adipose tissue mass (1). The magnitude of 
these effects depended on the source of dietary calcium, with 
dairy sources of calcium exerting significantly greater effects 
than calcium carbonate. 

These data are consistent with our observation that 12 mon 
of yogurt supplementation, sufficient to raise daily calcium 
intake from approximately 400 to 1000 mg/d, resulted in a 
4.9-kg reduction in body fat in obese African Americans 
without an accompanying reduction in caloric intake. The rel- 
evance of this finding at the population level was assessed vitr 
analysis of the National Health and Nutrition Examination 
Suryey; odds ratios for percent body fat as a function of cal- 
cium intake were estimated by logistic regression, with age, 
racelethnicity, activity level, and caloric intake as covariates. 
The odds of being in the highest quartile of body fat were re- 
duced from 1.0 for the first quartile of calcium intake to 0.75, 
0.40, and 0.16 for the second, third, and fourth quartiles of 
calcium intake, respectively, for women (1). The regression 
model for males similarly demonstrated a significant inverse 
relationship between dietary calcium and body fat, although the 
same simple dose-response relationship found in women was 
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FIG. 2. Dietary calcium modulation of adiposity IS medlated via 1,25-dlhydroxy-vltam1n D 
[1,25-(OH&-D] regulation of Ca2+ ilux 

not evident (1). Notably, the strength of the relationship was im- 
proved for both genders when dairy product intake was included 
in the analysis compared to when total calcium intake was eval- 
uated without consideration of calcium source. 

These data have significant implications for the prevention 
or attenuation of diet-induced obesity but do not directly ad- 
dress the issue of whether high-calcium diets will exert any 
effect on established obesity. Accordingly, we next conducted 
a study to extend these findings by determining whether di- 
etary calcium and calcium-rich dairy products reduce meta- 
bolic efficiency and accelerate fat loss secondary to caloric 
restriction in the same mouse model following dietary induc- 
tion of obesity (29). Mice (aP2-qouti transgenic) similar to 
those in the studies described above were used. They were fed 
the same basal low (0.4%)-Ca/high-fat/high-sucrose diet for 
6 wk as in the preceding study. 

Administration of the low-calcium (0.4%), high-fat, high- 
sucrose diet to aP2-a mice for 6 wk resulted in a - 100% increase 
in adipocyte [Ca”],. (128 * 18 vs. 267 f 15 r&l, P < O.OOl), with 
a corresponding body weight gain of 29% (P < 0.001) and 
twofold increase in total fat pad mass (P < O.OOl), demonstrat- 
ing that diet-induced dysregulation of adipocyte [Ca*‘], is asso- 
ciated with increased adiposity in aPZa mice. 

All three calcium diets, including the high-calcium diet 
(1.2% Ca derived from CaCO& the medium-dairy diet (1.2% 
Ca derived from nonfat dry milk replacing 25% of protein), 
and the high-dairy diet (2.4% Ca derived from nonfat dry 
milk replacing 50% of protein), caused a 50% decrease in 
adipocyte [Ca’+], (P < 0.001). In contrast, [Ca2+], in 
adipocytes from mice maintained on the energy-restricted 

basal low-calcium diet remained at the silme elevated level as 
that of animals fed ad libztun~ 

Energy restriction resulted in a body weight loss of 11% 
(P < O.OOl), compared to the ad libitum group. However, 
markedly greater weight reductions of 19, 25, and 29% were 
observed in the high-calcium, medium-dairy, and high-dairy 
groups, respectively (P < 0.01 vs. basal energy-restricted 
group). Consistent with this result, energy restriction caused 
only 8% lower fat pad mass (not significant), compared to the 
basal diet ad libitum group, whereas the high-calcium diet 
caused a 42% decrease (P < O.OOl), which was further re- 
duced by 60 and 69% by the medium- and high-dairy diets (P 
< 0.001 vs. basal energy-restricted group), respectively. 

The high-calcium diet caused a 35% decrease in FAS activ- 
ity (P < 0.05 vs. basal energy-restricted _qoup), which was fur- 
ther reduced by 63 and 62% by the medium- and high-dairy 
diets (P < 0.05), respectively; FAS mIWA followed a similar 
trend. Increasing dietary calcium caused a corresponding in- 
crease in lipolysis. Although the basal energy-restricted diet 
did not affect adipocyte lipolysis, the high-calcium diet caused 
77% stimulation in lipolysis (P -c 0.05), which was further in- 
creased in the medium- and high-dairy diet groups (P < 0.05 
vs. basal energy-restricted group). Increased lipolysis. coupled 
with decreased hpogenesis, may represent a metabolic stale in 
which the efficiency of energy metabolism is shifted from en- 
ergy storage to energy expenditure. 

This shift in energy metabolism was further confirmed by 
a dietary calcium-induced increase in core temperature. All 
three high-calcium diets exerted stimulatory effects on core 
temperature, with 0.48, 0.57, and 0.67”C increases on the 
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high-calcium, medium-dairy, and high-dairy diets, respec- 
tively (P < 0.05), whereas the basal energy-restricted diet did 
not affect core temperature. A possible physiological basis 
underlying the increased core temperature is that the expres- 
sion of uncoupling protein 2 (UCP2), which has been impli- 
cated in thermogenesis, was upregulated in white adipose tis- 
sue, with an 80% increase in all three high-calcium diets (P < 
0.05). However, the role of UCP2 in thermogenesis is not 
clear, and further study is required to address the precise 
mechanism whereby dietary calcium regulates UCP2 expres- 
sion. Although this upregulation of UCP2 expression may re- 
sult directly from inhibition of [CL?+], it is also possible that 
it is merely a result of increased substrate (FA) flux secondary 
to increased lipolysis. However, we recently found that 1,25- 
(OH),-D directly suppresses UCP2 expression in isolated 
human adipocytes and that this effect is independent of FA 
flux (30). 

Collectively, these data demonstrate that high-calcium 
diets suppress adipocyte [Ca2+li and thereby reduce energy 
storage and increase thermogenesis during energy restriction. 
with greater effects exerted by dairy products than by elemen- 
tal calcium. Recent findings from other laboratories support a 
beneficial role for calcium in weight control. In a 2-yr 
prospective study of 54 normal-weight women participating 
in an exercise intervention, the dietary calcium/energy ratio 
was a significant negative predictor of changes in both body 
weight and body fat (31); moreover, increased total calcium 
and dairy calcium intakes predicted fat mass reductions inde- 
pendently of caloric intake for women at lower energy intakes 
(below the mean of 1876 kcal/d) (31). A similar beneficial ef- 
fect of dietary calcium on body fat mass accumulation has 
been demonstrated in growing children, as a significant in- 
verse relationship between dietary calcium and body fat was 
recently reported in a 5-yr longitudinal study of preschool 
children (R2 = 0.51) (32). 

Davies et QZ. (33) conducted a series of calcium interven- 
tion studies designed with primary skeletal end points, and 
have recently re-evaluated these data with a body weight end 
point. The re-analysis involved 780 women who participated 
in five clinical trials (i.e., four observational and one double- 
blind, placebo-controlled, randomized trial). They noted sig- 
nificant negative associations between calcium intake and 
body weight for all age groups (third, fifth, and eighth 
decades of life), and an odds ratio for being overweight of 
2.25 for young women in the lower half vs. the upper half of 
calcium intake (33). Data from the randomized controlled 
trial demonstrated a calcium treatment effect of 0.325 kg 
weight loss per year over 4 yr with no intentional change in 
caloric intake; overall, the relationships derived from this re- 
analysis indicate that a calcium intake increase of 1,000 mg/d 
is associated with an g-kg reduction in body weight (33). 

We recently studied the efficacy of a calcium-fortified 
breakfast cereal, alone or with a small amount of milk, in at- 
tenuation of weight and fat gain in the aP2-a transgenic 
mouse (34). Male mice placed on a basal low-calcium 
(0.4%)lhigh-fat (25 energy %)/high-sucrose diet for 6 wk ex- 

hibited L‘CI. twofold increases In [Ca”!,,and both visceral and 
subcutaneous fat mass. However, addltlon of a calcium-forti- 
fied breakfast cereal sufficient to increase dietary calcium to 
1.2% with macronutrient adjustments to ensure identical car- 
bohydrate, protein, and fat levels with the basal diet resulted 
in a 41% decrease in adipocyte [Ca’+], (P < 0.001) and 25- 
30% decreases in weight gain (P < 0.03) and total fat pad 
mass compared to the basal diet (P < O.OOl), whereas food 
consumption was unaffected. Comparable decreases were 
found in both subcutaneous and visceral fat compartments. A 
second control group, which received the basal diet supple- 
mented with the same amount cereal without calcium fortifi- 
cation (with macronutrient adjustment) was not significantly 
ditierent from the basal control group. 

We also found the calcium-fortified cereal to have similar 
effects in markedly accelerating weight and fat loss secondary 
to caloric restriction in these mice. Interestingly, addition of 
sufficient nonfat dried milk to bring the calcium content of the 
calcium-fortified cereal diet from 1.2 to 1.3% (with macronu- 
trient adjustment) resulted in substantial amplification of these 
effects. Thus, a calcium-fortified breakfast cereal is effective in 
reducing adiposity and accelerating fat loss during caloric re- 
striction in this model of obesity, whereas addition of a small 
amount of milk significantly amplifies this effect further. 

We recently confirmed the utility of calcium-rich diets in 
accelerating fat loss during a &non clinical trial in obese pa- 
tients (35). Obese adults (I? = 32) were maintained for 24 wk 
on balanced deficit diets (500 kcal/d deficit) and were ran- 
domized to control (O-l serving/d and 400-500 mg Ca/d sup- 
plemented with placebo), high-calcium (control diet supple- 
mented with 800 mg G/d), or high dairy (3-4 servings of 
low-fat dairy products/d, total calcium intake of 1200-1300 
mg/d). Control patients lost 6.4 ~tr 2.5% of their body weight, 
which was increased by 26% on the high-calcium diet and 
70% (to 10.9 +- 1.6%) on the high-dairy diet (P < 0.01). Fat 
loss (via dual X-ray absorptiometry) followed a similar trend, 
with the high-calcium and high-dairy diets augmenting the fat 
loss found on the low-calcium diet by 38 and 64%, respec- 
tively (P < O .Olj. 

An unexpected finding was a marked change in the distri- 
bution of body fat loss (35). Patients on the low-calcium diet 
lost 5.3 + 2.3% of their trunk (abdominal region) fat on the 
low-calcium diet. This was increased to 12.9 t 2.2% on the 
high-calcium diet and 14.0 & 2.3% on the high-dairy diet 
(P < 0.025 vs. low-calcium and high-calcium diets). Conse- 
quently, fat loss from the abdominal region represented 19.0 
c 7.9% of the total fat lost on the low-calcium diet, and this 
was increased to 50.1 * 6.4% of the fat lost on the high- 
calcium diet (P < 0.001) and 66.2 c 3.0% on the high-dairy 
diet (P < 0.001). Thus, increasing dietary calcium not only 
accelerates weight and fat loss secondary to caloric re- 
striction but also shifts the distribution of fat loss to a more 
favorable pattern, with more fat lost from the abdominal re- 
gion on the high-calcium diet. Moreover, dairy products exert a 
substantially greater effect on both fat loss and fat distribution 
compared to an equivalent amount of supplemental calcium. 
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Consistent with this, Melanson et al. (36) recently reported 
that higher calcium intakes are associated with higher rates of 
whole-body fat oxidation measured in a whole-room 
calorimeter, with significant effects noted over a 24-h period. 
during sleep, and during light exercise. 

ROLE OF ADDITIONAL DAIRY-DERIVED 
BIOACTIVE COMPOUNDS 

Data accumulated from experimental animal and human stud- 
ies clearly support a beneficial role for dietary calcium in 
weight management, but markedly greater effects are evident 
from dairy products vs. nondairy sources of calcium. Al- 
though the additional components of dairy products responsi- 
ble for the differential effects between calcium and dairy 
products are not yet know, work is under way to determine 
their identity. At present, preliminary data suggest that this 
additional activity resides in the whey fraction of milk. Whey 
is recognized as a rich source of bioactive compounds (37) 
that may act independently or synergistically with the calcium 
to attenuate lipogenesis, accelerate lipolysis, and/or affect nu- 
trient partitioning between adipose tissue and skeletal mus- 
cle. Notably, whey proteins have recently been reported to 
contain significant angiotensin-converting enzyme (ACE) ac- 
tivity (38,391. Although ACE inhibitory activity may appear 
to be more relevant to an antihypertensive effect of dairy than 
to an antiobesity effect, recent data demonstrate that 
adipocytes have an autocrine/paracrine renin-angiotensin 
system (RAS), and that adipocyte lipogenesis is regulated, in 
part, by angiotensin II (reviewed in Ref. 40). Thus, activation 
or suppression of the adipocyte RAS may exert correspond- 
ing effects on adipocyte lipid metabolism independently of 
the circulating RAS. Indeed, inhibition of the RAS mildly atten- 
uates obesity in rodents, and limited clinical observations 

support this concept in hypertensive patients treated with 
ACE inhibitors (40). Thus, it is possible that whey-derived 
ACE-inhibitory activity may contribute to the antiobesity ef- 
fect of dairy products (41). However, it is also possible that 
other whey bioactive compounds may contribute or, alterna- 
tively, that a synergistic effect of multiple factors, along with 
the aforementioned effects of the calcium, are responsible. 
For example, Layman (42) has recently proposed that the rich 
concentration of leucine in whey protein may play a signifi- 
cant anabolic role m skeletal muscle and thereby contribute 
to greater maintenance of skeletal muscle mass during weight 
loss. Accordingly, the high concentration of leucine and other 
branched-chain amino acids in dairy products may also be an 
important factor in the repartitioning of dietary energy from 
adipose tissue to skeletal muscle. 

CONCLUSION 

A growing body of evidence now clearly demonstrates a bene- 
ficial role for dietary calcium in the partitioning of dietary en- 
ergy, resulting in reductions in body fat and an acceleration of 
weight and fat loss during energy restriction. Interestingly, 
dairy sources of calcium exert substantially greater effects than 
supplemental or fortified sources of calcium. There is a strong 
theoretical framework in place to explain the “anti-obesity” ef- 
fects of dietary calcium; however, the mechanism whereby 
dairy products augment this anti-obesity effect is not yet clear, 
although it may be mediated by whey peptides. These data have 
important implications for the prevention of both pediatric and 
adult obesity, especially in light of the marginal calcium intakes 
exhibited by the majority of the population (Fig. 3) and the 
population-based data indicating protection from obesity and 
the insulin resistance syndrome in populations consuming 
greater amounts of calcium and dairy products (1,43,44). 

II I 

I( 

1-3 4-8 9-18 
6-12 months 

2-5 months 

FIG. 3. Median calcium intake fl-om food of the U.S. population, 1988-l 994 **Al, adeqate 
intake. 1997 Dietary Reference Intakes, Food and Nutrition Board, Institute of MedIcme, Na- 
tional Academy of Sciences. Source: Centers for Disease Control/National Center for Health 
Stabstics (CDUNCHS), National Health and Nutrition Examlnatlon Survey INHANES Iii) 
1988-1994 Figure used by permwlon of the Natlonal Dairy Council. 
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Review Article 

Calcium intake and adiposity1-3 
Shamik J Parikh and Jack A Yanovski 

ABSTRACT Limited epidemiologic and experimental data 
support the possibility that dietary calcium intake plays a role 
in human body weight regulation. The aim of this review was 
to present the data from human studies that link calcium and 
dairy intake to body weight, describe the existing evidence for 
an effect of calcium intake on body weight from animal models 
of obesity, present evidence of a role for intracellular calcium 
in the regulation of lipogenesis and lipolysis, elucidate the 
potential suggested relation between dietary calcium intake and 
intracellular calcium concentrations, and outline the effects 
of calcium supplementation on dietary fat absorption. We 
suggest that these data support the need for large, population- 
based clinical trials to assess the effects of supplemental 
calcium and other components of dairy products on human body 
weight. Am J Ciin Nutr 2003;?7:281-7. 

KEY WORDS Calcium, dairy products, body weight, fatty 
acid synthase, fat absorption 

INTRODUCTION 
The prevalence of obesity in the United States has been steadily 

rising since the 1960s (1). In the past decade, the percentage of 
adults aged 20-74 y who are overweight or obese has increased 
to 61% (2). The total costs attributable to obesity-related disease 
approaches $100 billion annually in the United States (3), and this 
cost, like the prevalence of increased body mass, is rising at an 
alarming rate. 

Although the characterization of several important obesity 
genes over the past 10 y has resulted in a quantum leap of insight 
into the pathophysiology of obesity (4), these studies have not led 
to any significant improvements in our ability to prevent or treat 
overweight. Genetic factors, it seems, have largely played only a 
secondary role in the rising prevalence of obesity. Rather, envi- 
ronmental factors affecting diet and activity appear likely to have 
been the most important determinants of the increasing adiposity 
of the US population over the past 30 y (5,6). Studies seeking epi- 
demiologic explanations for the phenomenon of rising adiposity 
have identified dietary calcium intake as one factor that is nega- 
tively correlated with body mass index (BMI; in kg/m’) (7-12). 
In the following sections, we review data from human studies that 
link calcium and dairy intake to body weight, describe evidence of 
an effect of calcium intake on body weight from animal models 
of obesity (9, 13-16), outline the effects of calcium supplementa- 
tion on dietary fat absorption (17-20), and present evidence of a 
role for intracellular calcium in regulating lipogenesis and 
lipolysis (21-23). In addition, we tried to elucidate the potential 

suggested relation between dietary calcium intake and intracellu- 
lar calcium concentrations (9, 11,21). 

HUMAN STUDIES LINKING CALCIUM INTAKE TO 
BODY WEIGHT 

Many epidemiologic studies have identified strong inverse cor- 
relations between adiposity and calcium intake (7-10, 12). The 
US Department of Agriculture’s Nationwide Food Consumption 
Survey from 1987 to 1988 showed that the average dietary cal- 
cium intake in the United States (24) was far below the suggested 
optimal calcium intake (1000 mg/d for adults and 1200 mg/d for 
children and young adults aged 1 l-24 y) (25) and that persons 
with the lowest calcium intakes tended to have the highest body 
weight. When stratifred by ethnic group, the non-Hispanic black 
population, which has one of the highest prevalences of obesity in 
the United States, was also found to have a lower mean daily cal- 
cium intake (592 mg/d) than either the Hispanic white population 
(653 mg/d) or the non-Hispanic white population (76.5 mg/d). 
Using data from the first National Health and Nutrition Examina- 
tion Survey (NHANES I), McCarron (26) found a statistically 
significant inverse association between calcium intake and body 
weight. More recently, Zemel et al (9) found a strong inverse asso- 
ciation between the relative risk of obesity and calcium intake for 
participants of NHANES III (Figure 1). Zemel et al’s analysis 
controlled for physical activity and energy intake. They examined 
the reIative risk of being in the highest quartile of body fat for 4 
different quartiles of dietary calcium intake. The relative risk of 
high body adiposity was found to be greatest in those with the 
lowest calcium intake and was progressively lower as calcium 
intake increased; the relative risk was 0.75 for the 2nd quartile, 

’ From the ZTnit on Growth and Obesity, Developmental Endocrinology 
Branch, National Institute of Child Health and Development, National Instr- 
tutes of Health, Bethesda, MD. 

*Supported by an innamural grant (201 HD-00641) from the National Insti- 
tute of Child Health and Human Development (to JAY) and an intraagency 
agreement between the Office of Dietary Supplements (ODS no. Y2-OD-2067). 
the National Institutes of Health, and the National Institute of Child Health and 
Human Development, National Institutes of Health. 

sAddress reprint requests to SJ Pa&h. Unit on Growth and Obesity, Devel- 
opmental Endocrinology Branch, National Institute of Child Health and Devel- 
opment, National Institutes of Health, 10 Center Drive, Building 10, Room 
lON262, MSC 1862, Bethesda, MD 208921862. E-mail: pariks@mail.nih.gov. 

Received November 14.2001. 
Accepted for publication June 19.2002. 

Ajn J CIrn Nurr 2003;77:281-7. Printed in USA. 0 2003 American Society for Clinical Nutrition 281 



282 PARIKH AND YANOVSKI 

1 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0 r 1 I 

1 2 3 4 
Quartile of calcium intake 

FIGURE 1. Relative risk (RR) of being in the highest adiposity quar- 
tile on the basis of the quartile of dietary calcium intake in participants of 
the third National Health and Nutrition Examination Survey. Adapted from 
reference 9. 

0.40 for the 3rd quartile, and 0.16 for the 4th quartile of calcium 
intake for women (n = 380; P < 0.0009). A similar inverse relation 
was noted in men (n = 7114; P c 0.0006). Inverse associations 
between calcium (or dairy) intake and adiposity have also been 
reported in children (7,8), Canadian women (27), and lactose-tolerant 
and lactose-intolerant African American women (28). 

Davies et al (29) reviewed results from 5 clinical studies (30-33) 
of calcium intake, including an ongoing unpublished study (RP 
Heaney, Osteoporosis Research Center, Creighton University, 
Omaha), all of which were designed to assess the effects of dietary 
calcium on bone mineral. Depending on the study, age ranged from 
the third to the eighth decades of life. Taken together, the total pop- 
ulation was 780 women. Significant negative associations between 
calcium intake and weight were found for all age groups, and the 
odds ratio for being overweight (BMI > 26) was 2.25 for women in 
the lower half of calcium intakes in their respective study groups 
(P < 0.02). For young women in the third decade of their lives, a signi- 
ficant negative assocration was found when baseline BMI was plotted 
against the ratio of calcium to dietary protein intake (Figure 2). 

The 2 longitudinal observational studies mentioned above also 
enabled Davies et al (29) to examine how the change in body 
weight (in kg/y) was related to the initial dietary calcium intake. 
In each study the slope was significantly negative. In pooled data 
from the 2 studies (Figure 3), weight change was negatively 
related to calcium intake (P = 0.008). Another trial (34), not 
reviewed by Davies et al (29), noted that of 54 normal-weight 
young women participating in a randomized exercise intervention 
trial, subjects with higher dairy calcium intakes corrected for total 
energy intake gained less weight and body fat over a 2-y period. 

To date, there have been no large trials designed primarily to 
examine the effects of dietary calcium supplements on body 
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FIGURE 2. Relation between baseline BMI and the ratio of dietary 
calcium to protein intake in 348 women aged 30-40 y. The horizontal 
dashed line represents the boundary between normal and overweight, and 
the vertical line represents the median intake ratio. Reprinted with per- 
mission from reference 29. 

weight change. However, in one large trial of the effect of calcium 
supplementation on bone, in which elderly women were randomly 
assigned to take either placebo or 1.2 g elemental Ca/d as car- 
bonate (33), the data have been retrospectively analyzed for 
changes in body weight (29). Although both study groups lost 
some weight over the nearly 4 y of observation, the mean (+- SEM) 
weight change, weighted for duration of the study, was greater in 
the calcium-supplemented group (-0.671 f 0.112 kg/y) than in 
the placebo-control group (-0.325 * 0.110 kg/y), for an estimated 
calcium treatment difference of 0.346 kg/y (P < 0.025). This change 
in body weight was consistent with the predicted change found in 
the longitudinal observational studies reviewed by Davies et al (29). 
Because body-composition studies were not reviewed in this 
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FIGURE 3. Weight (Wt) change versus the average ratio of dietary cal- 
cium to protein intake in 2 longitudinal observational studies in 216 mid- f 
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study, it is unknown whether changes in body weight reflect 
changes primarily in fat or lean body mass. 

Davies et al’s (29) retrospective analysis of human studies sug- 
gests that calcium intake could explain as much as 3% of the vari- 
ability in adult body weight. Although the reviewed studies pre- 
dicted that body weight changes relatively little with differences 
in calcium intake, ~0.35 kg/y, such effects could become sub- 
stantial over time. A change in body weight of this magnitude is 
comparable with the yearly weight gain of ~0.37 kg/y usually 
observed during midadulthood (35,36). 

Two recent experimental studres have reached opposite con- 
clusions about the effects of calcium supplementation on weight 
loss during energy-restricted diets. In one study, presented in 
abstract form, 32 obese women given an energy-restricted diet (2.1 
MJfd energy deficit) were randomly assigned to a diet low in ele- 
mental calcium (400-500 mg/d) or to 1 of 2 diets high in elemen- 
tal calcium (1300 mg/d; calcium supplemented or dairy supple- 
mented) and were followed for a period of 24 wk (37). Women 
randomly assigned to either of the high-calcium diets had a signi- 
ficantly greater weight loss (largely due to the Ioss of fat mass) 
than did the control group. (The effects of diets high in dairy prod- 
ucts are discussed in the following section.) By contrast, another 

3 randomized, controlled study that examined both weight and bone 
mineral changes in obese women during energy restriction (energy 
intake up to 6.1 MJld diet) found no significant differences in 
weight change over a 3-mo period between a high-calcium- 
supplemented group (n = 25; total calcium intake: 1800 mg/d) and 
a lower-calcium control group (n = 27; total calcium intake: 800 mg/d) 
(38). The reason for discordance between the results of these 2 
studies is not clear, but could be explained by the presence of a 
threshold value below which insufficient dietary calcium affects 
body weight gain or possibly by differences in the experimental 
design, such as the method used for calcium supplementation. 

DAIRY INTAKE AND ADIPOSITY 
Some recent findings in animals (9, 15,16) and in humans (37) 

suggest that there may be greater effects on body weight from 
dairy-containing foods than might be predicted from their calcium 
content alone. Although a full discussion of these data are beyond 
the scope of this review, a few selected epidemiologic and human 
experimental studies supporting these findings are presented. A 
recently published multicenter, population-based, prospective 
observational study (12) found that increased dairy consumption 
had a strong inverse association with the 10-y cumulative inci- 
dence of obesity (ie, BMI = 30) and with the insulin-resistance 
syndrome in overweight adults (BMI 2 25 at baseline; R = 923). 
The odds of obesity, abnormal glucose homeostasis, and elevated 
blood pressure were =20% lower at each additional daily occa- 
sion of dairy consumption, whereas the odds of developing the 
insulin-resistance syndrome were lower by 21%. A recent study, 
published in abstract form (37), compared the relative effects of 
supplemental calcium and dairy products for 24 wk on weight loss 
during energy restriction in 32 obese adults. Body weight loss was 
26% greater in the high-calcium group (control diet: 400-500 mg 
Ca/d supplemented with 800 mg elemental Ca/d) but was 70% 
greater in the high-dairy group (total elemental calcium intake: 
1200-1300 mgld) than in the placebo control group (total ele- 
mental calcium intake: 400-500 mg/d) (P < 0.01). When com- 
pared with the low-calcium diet, fat loss (by dual-energy X-ray 
absorptiometry) with the high-calcium and the high-dairy diets 

was augmented by 38% and 64%, respectively (P < 0.01). The 
subjects who consumed the high-calcium diet and the high-dairy 
diet also showed a significantly greater (P c 0.001) fat loss in the 
trunk area than did those who consumed the low-calcium diet. 
Another abstract (39) reported that women with the greatest intake 
in dietary calcium (primarily in the form of dairy products) had 
significantly greater weight losses than did those with lower cal- 
cium (dairy) intakes as a result of a 6-mo behavioral weight-loss 
program (n = 18 1 overweight women aged 24-45 y). The mecha- 
nisms explaining the greater effects of dairy products relative to 
calcium supplementation remain unclear. The bioavailability of 
calcium from dairy sources is not considered to be greater than 
that of calcium supplied as nondairy foods, except for calcium 
from a few plant sources with a high phytate or high oxalate con- 
tent, which can interfere with calcium absorption (40, 41). It is 
therefore possible that dairy products contain other components 
unrelated to calcium that affect body weight (11,34). Thus, future 
studies should determine the effects on body weight of the com- 
ponents of dairy products other than calcium. 

EFFECTS OF DIETARY CALCIUM ON BODY WEIGHT 
AND ADIPOSITY IN ANIMAL MODELS 

Studies in the 1980s in spontaneous hypertensive rats found 
a lower net weight gain in the rats fed a high-calcium diet (2.8%. 
wt:wt) than in the rats fed a low-calcium diet (0.4%, wt:wt): 
9.1 + 1.8 and 27 f 2 g, respectively (13). Shortly afterward, it was 
observed that diets high in both dietary calcium and sodium 
induced favorable changes in the total body fat content of sponta- 
neous hypertensive rats and its normotensive genetic control, V&star- 
Kyoto rats (14). More recently, Zemel et al (9, 15, 16) studied 
transgenic mice with an overexpression of the agouti gene (42), 
specifically in adipocytes. In one of these studies (P), Zemel et al 
examined the effects of various calcium intakes on weight gain 
over 6 wk (Figure 4). Weight change in the low-calcium group 
(0.4%‘Ca) was compared with that in 3 calcium-supplemented 
groups in which calcium was given as either dietary calcium car- 
bonate (1.2% Ca) or as dairy products (nonfat dry milk, either 
1.2% or 2.4% Ca). Weight gain and fat-pad mass were reduced by 
26% with the 1.2%-Ca diet (P < 0.04 compared with the 0.4%-Ca 
diet), by 29% with the 1.2%-Ca diet (P < 0.04 compared with the 
0.4%-Ca diet), and by 39% with the 2.4%-Ca diet (P < 0.04 com- 
pared with all other diets). These data suggest that, at least for mice 
expressing excess agouti protein in the adipocytes, an increase in 
dietary calcium decreases body weight gain. When adipocyte func- 
tion in fat cells isolated from such transgenic animals was exam- 
ined, high-calcium diets were associated with a 5 1% inhibition of 
adipocyte fatty acid synthase (EC 2.3.1.85) expression and activ- 
ity (P < 0.002) and a 3.4- to 5.2-fold (P < 0.015) augmentation of 
basal lipolysis. When energy-restricted transgenic mice with an 
overexpression of the agouti gene were studied (IS), a significantly 
greater reduction in body weight, fat-pad mass, and basal intra- 
cellular calcium concentrations in the adipocytes was seen after 
consumption of a high-calcium or high-dairy diet; the decrease in 
total body weight and fat pad mass was greater with the high-dairy 
diet. The rate of lipogenesis was suppressed, whereas that of lipol- 
ysis was stimulated, more in the high-dairy group than in the high- 
calcium group, whereas the results in both groups were signifi- 
cantly different from those in the basal energy-restricted group. 

Although these data relate only to animals with an overexpres- 
sion of the agouti gene in their adipocytes, the observed changes 
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FIGURE 4. Weight gain in transgenic mice expressing the agouti gene, 
specifically in adipocytes, who were fed diets with different calcium con- 
tents. ‘Significantly different from the 0.4%~Ca diet, P < 0.04. *“Signifi- 
cantly different from all other diets, P < 0.04. Adapted from reference 9. 

in intracellular calcium in their adipocytes suggest that changes 
in intracellular calcium concentrations may be an important part 
of the effect of calcium and dairy intakes on adiposity in humans. 
A brief summary of some of the actions of intracellular calcium in 
adipocytes is given in the next section. 

ROLE OF INTRACELLULAR CALCIUM IN HUMAN 
ADIPOCYTE LIPID METABOLISM 

Intracellular calcium ([Ca2+]i) concentrations are determined 
by complex interactions between the flux through voltage-dependent 
and receptor-stimulated calcium channels, by sequestration with 
binding proteins, by storage of free Ca2+ in intracellular com- 
partments such as the endoplasmic reticulum, and by active gra- 
dient-maintaining ion pumps (43). [Ca2+]i appears to play an 
important role in the metabolic derangements associated with obe- 
sity, hypertension, and insulin resistance (21, 44, 4.5). Factors 
important in obesity, such as insulin (44) and the agouti protein 
(22, 46)-normally expressed in human adipocytes (47)-have 
been shown to trigger an increase in [Ca’+]i in human adipocytes 
(Figure 5). Obese persons have a greater [Ca*+]i than do nonobese 
age- and sex-matched control persons (44). [Ca2+]i was also found 
to regulate both lipogenesis and lipolysis in human adipocytes 
(21). High [Ca’+]i stimulates the expression and activity of fatty 
acid synthase, a key enzyme in de novo lipogenesis (21). When 

Pancreatic p Cell 

FIGURE 5. Suggested role for the agouti protein. insulin, and intra 
cellular calcium in lipogenesis in human adipocytes. FAS, fatty acid syn 
thase (EC 2.3.1.85). Adapted from reference 21. 

potassium chloride is used to increase [Ca’+]i in humar 
adipocytes, agonist-stimulated hpolysis is inhibited through acti 
vation of phosphodiesterase 3B (EC 3.1.4.17), thereby reducing 
cyclic AMP concentrations and thus decreasing hormone-sensitive 
lipase phosphorylation (23). 

With regard to calcium homeostasis, the calcium-regulating 
hormones vitamin D and parathyroid hormone (PTH) have both 
been shown to stimulate a sigmficant and sustained increase in 
[Ca’+]i concentrations in primary cultures of human adipocytes 
(9). In addition la.25dihydroxyvitamin D, [ la,25(OH),D,] treat- 
ment results in a marked (83%) inhibition of forskolin-stimulated 
lipolysis in human adipocytes and a 35% reduction in basal lipol- 
ysis (48). Shi et al (48) suggested that there are rapid nongenomic 
actions of la,25(OH),D, via a putative membrane vitamin D 
receptor that play a significant role in vitamin D-induced increases 
in [Ca’+]i. Shi et al found that la,25dihydroxylumisterola, a spe- 
cific agonist for the membrane vitamin D receptor, increased 
[Ca’+]i, fatty acid synthase activity and glycerol-3-phosphate 
dehydrogenase (EC 1. I. 1.94) expression and inhibited lipolysis in 
human adipocytes, whereas the specific membrane vitamin D 
receptor antagonist 1 B-hydroxyvitamin D, blocked vitamin 
D-stimulated increases in [Ca’+]i. PTH treatment, although it 
does increase [Ca*‘]i, exerts little effect on lipolysis, possibly 
as a result of the concurrent activation of adenylate cyclase 
(EC 4.6.1.1) by PTH (9). 

RELATION BETWEEN DIETARY AND 
INTRACELLULAR CALCIUM 

The 2 preceding sections outlined the diametrically opposed 
effects of increases in [Ca’+li and increases in dietary calcium. 
Greater [Ca2’]i stimulates lipogenesis and inhibits lipolysis. 
Greater dietary calcium appears to have opposite effects. If the 
mechanism through which dietary calcium affects body weight is 
primarily related to the actions observed within the adipocytes of 
agouti-expressing mice exposed to greater dietary calcium intakes, 
there must be a physiologic basis for the dissociation between 
[Ca”]i concentrations and dietary calcium intake. One possible 
explanation that would link greater dietary calcium to less [Ca2+]i 
is the effect of dietary calcium on the hormones regulating cal- 
cium balance. Dietary calcium supplementation in humans has 
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FIGURE 6. Proposed mechanisms through v&h decreased dietary 
calcium may increase body weight. Low dietary calcium may increase 
intraadipocyte calcium concentrations via stimulation of calcitropic hor- 
mones such as vitamin D (Vit D) and parathyroid hormone (PTH). 
Decreased dietary calcium also decreases saponification of fatty acids 
(FAs) in the gut bound to calcium and thus may increase body fat stores 
by increasing the absorption of fat. 

been shown to cause significant suppression of intact PTH, 
lu,25(OH),D,, and the [Ca’+]i in erytbrocytes and platelets (49). 
Thus, increased calcium intakes lower blood concentrations of cal- 
citropic hormones, such as 1,25-dihydroxyvitamin D [ 1,25(OH),] 
and PTH, whereas, as is well known, diets deficient in calcium 
stimulate the production and release of 1,25(OH), and PTH. 
Bell et al (50) previously reported significantly higher concen- 
trations of immunoreactive PTH and 1,25(OH),in obese (106 f 6 kg; 
n = 12) white subjects than in normal-weight (68 Z!Z 2 kg; n = 14) 
control subjects, whereas elevated concentrations of these hor- 
mones were previously reported in obese children compared with 
age-matched control subjects (51). Thus, lower dietary calcium 
intakes (as found epidemiologically for obese subjects) can lead 
to increased concentrations of 1,25(OH), and PTH, which in turn 
may increase adipocyte [Ca*+]i (Figure 6). These elevated 
intraadipocyte calcium concentrations might then increase the rate 
of lipogenesis and inhibit lipolysis, consequently leading to 
increased adiposity. An increased dietary calcium intake would be 
proposed to prevent this cascade from developing by keeping the 
calcitropic hormone concentrations low, therefore lowering [Ca*+Ji 
and ultimately the lipid content in adipocytes. 

RELATION BETWEEN DIETARY CALCIUM AND 
DIETARY FAT ABSORPTION 

A second mechanism by which dietary calcium intake might 
affect body adiposity is an effect on the absorption of triacylglyc- 
erol from the gastrointestinal tract. Denke et al (18) studied the 
effect of dietary calcium on fecal fatty acid excretion and serum 
lipids in a randomized, single-blind, metabolic study of 13 men 
with moderate hypercholesterolemia. In this study, a low-calcium 
diet (410 mg elemental G/d) was compared with a high-calcium 
diet (2200 mg elemental Ca/d) using calcium citrate maleate as a 

source for the supplemental calcium for 10 d. Calcium fortifica- 
tion increased the percentage of dietary saturated fat excreted in 
72-h fecal collections from 6% to 13% per day. The high-calcium diet 
also significantly reduced total cholesterol by 6%, LDL choles- 
terol by 13%, and apolipoprotein B concentrations by 7% when 
compared with the low-calcium diet (P < 0.05). A l-y randomized 
controlled trial in postmenopausal women using 1 g elemental Ca 
(as calcium citrate) also found a 19% increase (P = 0.0009) in the 
HDL-LDL ratio compared with the placebo group (52). This sug- 
gests that the effects of increased calcium intake on lipids may be 
long lasting. Welberg et al (19) studied the effects of calcium sup- 
plementation on quantitative and qualitative fecal fat excretion in 
24 subjects consuming a controlled diet (1450-1880 mg Cafd) that 
was supplemented with 0, 2, or 4 g elemental Cafd (given as cal- 
cium carbonate). Calcium increased fecal fatty acids in a dose- 
dependent fashion. Total fat excretion increased from 6.8 + 0.9% 
of total fat intake with no calcium supplementation to 7.4 -+ 1.0% 
with 2 g Ca and 10.2 k 1.4% with 4 g elemental Ca (P = 0.03). 
Increased fat excretion was due to greater fatty acid excretion; the 
excretion of neutral fat remained changed. Other studies found 
similar effects (20). 

These studies of calcium’s effects on fecal fat excretion predict 
small effects on total-body lipid flux. The degree of fecal fat loss 
induced by 2 g elemental Ca in Welberg et al’s (19) study is only 
-3% of that induced by lipase inhibitors such as orlistat (53-55). 
A person consuming a 2500-kcal diet containing one-third of 
energy from fat who took an additional 2 g elemental Ca/d as cal- 
cium carbonate might be expected to excrete an additional 1% of 
energy from fat per day and would be anticipated to lose = 12.6 MJJy 
(3010 kcal/y) in the stool. Because a 14.64-MJ (3500 kcal) excess 
or deficit is often quoted as the energy gained or lost when body 
weight changes by 0.45 kg (1 lb), this amount of lost energy 
might indeed explain a change in body weight of c-0.4 kg/y. 
Thus, these data suggest that supplemental calcium-induced fecal 
fatty acid excretion may have accounted for much (if not all) of 
the observed weight loss in the calcium-supplemented subjects 
of Davies et al’s randomized trial (29). However, the effects of 
calcium on fat excretion are not sufficient to explain the much 
greater weight differences suggested by some animal and human 
studies, particularly those supplying calcium in the form of dairy 
products (9, 15, 37). 

SUMMARY 
In this article, we reviewed the evidence supporting a role for 

dietary calcium and possibly dairy intake in the regulation of body 
adiposity. With regards to dietary calcium, epidemiologic and lim- 
ited experimental data from some studies suggest that differences 
in calcium intake may be associated with changes in body weight 
of ==0.35 kg/y (29). The binding of fatty acids in the gut by dietary 
calcium can decrease fat absorption sufficiently to account for a 
similar weight change. More recent data, however, point to a much 
greater magnitude of weight loss with the calcium supplementa- 
tion of energy-restricted adults, especially when calcium supple- 
mentation is achieved through dairy sources (37). Such findings 
may indicate an independent effect of another component of dairy 
products (11, 34), but the mechanism for the augmented weight 
losses from dairy consumption remains unclear. 

Limited data from the animal models of obesity described 
above also suggest that dietary calcium intake may conceivably 
affect the regulation of lipogenesis and lipolysis within adipocytes. 
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Dietary calcium might alter lipid flux by lowering plasma con- 
centrations of calcitropic hormones (vitamin D and PTH), 
which are known to modulate human intraadipocyte calcium 
concentrations and thereby affect the rate of lipogenesis and 
lipolysis. 

Regardless of the actual mechanism involved, most of the avail- 
able cross-sectional, longitudinal, observational, and small con- 
trolled trials in humans and the available animal studies support 
the conclusion that dietary calcium may play a role in body 
weight regulation and lend credence to the hypothesis that 
increasing dietary calcium or dairy intake may diminish future 
weight gain. So far, only small clinical trials designed specifically 
to examine the effects of either dietary calcium or dairy intake on 
body weight or adiposity have been done. Given the increasing 
prevalence of obesity along with its significant medical conse- 
quences, the importance of environmental factors in the rapid rise 
in the prevalence of obesity, and the relative cost-effectiveness 
and safety profile of calcium and dairy supplementation, we 
believe that well-designed, population-based clinical trials should 
be carried out to determine whether the body weight of over- 
weight adults can be altered by either dietary calcium or dairy 
product supplementation. Ed 
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ABSTRACT Obesity is a growing epidemic wkh subsequent health consequences leading not only to roducad 
quality of life but also to increased medical costs. Growing evidence supports a refationship bekeen increased 
calcium intakes and reductions in body weight specific to fat mass. Since rhe first abservatlons in rats 210 y ago, 
several recently published clinical studies suppon this relatlonship as well. The impact of calcium intake on weight 
loss or prevention of weight gain has been demonstrated in a wide age range of Caucasian and African-Americans 
of bath genders. This review focuses on the results of clinical trials that have investigated the impact of calcium and 
dairy products on prevention of weighr gain, weight loss or development of the insulin resistance syndrome. Th@ 
implications of these results are rhat calcium may play a substantial contributing role In reducing the incidence of 
obesity and prevalence of the insulin resistance syndrome. J. Nutr. 133; 249~251 S, 2003. 
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The incidence of obesity has rapidly increased in r.hc last 
20 y and has become a national and global rpidcmic. It is a risk 
Iaccot fur chronic diseases such as hcarc disease, cancer, s~r:rokt 
and diabetes and weight loss is known to reduce rhe risk for 
sumc of chcsc discascs. Although much effort has been deyomd 
to studying the effects of macronurrienw on weight control, 
chc role oF mictonutrienrs has nor been as well srudird. Al- 
chotigh energy balance is the mos’c crirital factor in weighK 
regulation, recent.studics suggest that calcium metabolism and 
perhaps other componenrs of dairy products may contribute to 
shifting the energy balance and thus play a role in weight 
regularion. This review discusses the impact of calcium inrake 
on body ,composirion measures presented in clinical studies. 

Ald~~~gh dxe focus of this review is on the impact or 
calcium in clinical nials, our interest in rhe area was piqued by 
two animal ticudics publbhcd >lO y ago (1,2). In 1966 Meu et 
31. (I) dcmonscrated a reducdon in body far mass in two strains 
of hypertensive rars’ higher caIcium intekcs (in conjunction 
u~h a higher sodium intake). In addition, in 1989, an absaacc 
bv Bursey et al. (2) reported that increasing calcium m the diet 
i&m 0.1 ‘to 2.0?‘0 resulted in a reduced weight gain in both lean 
and facry Zucker rats. However, unt:il recently this suggested 
relationship bcnvccn calcium intake and body far remained 
unexplored. After chc presenracion of rwo absrtacts (3,4) at 
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the same national mcecing in 1999, substantial deta travc 
tmotged to support this incertsring and uexpecced relation- 
ship between calcium incake and body fat mass. 

The original studies in rats from the 1980s prompted our 
laboiarory TO take advanwgc of the data gcncratcd previously 
in a randomized study investigating The irnpacc of a Z-y cxcr- 
cisc mcervencfon on bone nrass in young w~rnen (5), iv 
explore tile rcladonship of calcium Intake on clraqr~ in body 
composition (6). In the parent study, healthy normal weight 
18-31 y old women were randomized into an exercise or 
nonexercisc group airer baseline testing. Three-day dier 
records were collected at baseline and 6-mo intervals, and 
averaged over the 2-y period of the study. Total body boric 
mineral concent was assessed by dual X-rsy absorpcciomctry., 
allowing an analysis of body composirion changes ns well. The 
results of 54 women who completed the 2-y trial were used. 
Calcium intakes were low (781 k 212 mg/d), compared to the 
dietary rcfcrcncc intakes (1000 mg/d for most of this group), 
and the primary source of dietary calcium was from dniry 
intake (67%). When dietary calcium was expressed as a nu- 
vienc density (calcium/energy, g/kcal), it negatively predict4 
changes in body weight and body far, but not lean mass. Dairy 
calcium predicted &e changes as well as did nondairy calcium; 
however, the range of nondairy calcium intakes was low and 
may not have been sufficient to dcmonsrrarc a relationship. 

To further cxplorc why calcium incakc prcdicmd the 
changes only when corrected for calorie intakes, w~mcn WCT* 
categorized ~nro groups either above ot below rhe mean caloric 
intakt OF cl-e cohort (1876 kcalid). C&turn intake did not 
predict changes in wet& ot far: mass in the goup with calorie 
inrakes above the mean, whereas calories positiyciy predicted 
the+e changes; thus the higher rhe caIorics, the grcatcr the 
increase in body fat. On he other hand, calcium, but not 
calories, negatively predicted changes in weight and fxt rna~~ 
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in women wirh caloric intakes below rhe mean. Between 10 
and 13% of rhe variability in weight and fat mass changes were 
arcotinced for by the calcium or dairy calcium intakes. The 
biologtcal impact can he dcmonscrared by use of rhe resulting 
regzssion equation to kstimacr FOcend changes. In women 
with calorie intakes of <I876 calories/d, calcium intakes of 
ICOO mg/d prcdictcd a body fat loss of -2.6 kg over 2 y 
comparcd to a gain of -1.8 kg ar calcium intakes of 500 mg/d. 
‘Thcsc changes are substantial in normal weight young women 
and ~:hus have important implications for thhe prevenrion of 
GiJeSiF{. 

Clear!y, if dairy products are added to a diet without com- 
pensation for cnargy inmke, one is likely to gain weight. This 
iz shown in the study by Barr ct al. (7), in which 204 men and 
women, aged 55-85 y, were randomi-ed co either a control 
group or a dairy intervention group. The dairy inrervention 
group was advised to increase skim or 1% milk intake from 
(1.5 serxrings to three semings/d. Alrhough their overall nu- 
tricnt intakes improved subsmnrially, the dairy intcrvcntion 
group also gained 0.6 kg in rhe l2-wk trial, significantly more 
than did the control group. However, this gain was less than 
would be predicted by the increase in dairy producrs, suggest- 
ing that either the subjects altered their diets to compensate 
for the acldi tronal calones, or potentially rhat calcium or dairy 
shift& the energy balance to partially cornpensatc for rhc 
addicronal calories. 

Subsequently, other studies have been reanalyxd that, sim- 
ilar L’O our srucly, were not originally designed ro snrdp body fat 
mossy The results of these smdies have supporrcd the puccntial 
impact of calcium inrake on body fat across a wide age range 
in borh men and women. For example, dietary intakes of 53 
chi1dren from the age of 24 ro 60 mo were srudred, folfowcd by 
assessment of body fat mass at 70 mo (8). The hightr rbe 
dietary incakc of calcium, the lower the body lx mass ar 70 
mo. Davic:+ et aI. (9) reanalyzed five clinical trials rhar in- 
cluded 3,~~s ranging from the third to the eighth decade, to 
assess the impact of dierary calcium/protein intake on body 
weight or body mass index (EM). These analyses included 
rwo cross-sectional, two loryitudinal and one randomized, 
controlled trial tocaling 780 women. In every case, the cal- 
cium/protein ratio negatively prcdictcd richer BMI or change 
in weight. Zemel et al. (10) used thr NHANES III survey LO 
furrhsr azscss chc impact of calcium on body fat. The analysis 
of women showed that the odds ratio of being in the highest 
body fat quart& was significant1y reduced KO 0.16 if they were 
in the hrghtir calcium intake quartile. These results support 
~11r negative impact of calcium intake on body fat and its 
application to a variety of age groups. 

This retacionshtp has been noted in both men and women. 
One of the firx observaaons of a porrntial relationship bt- 
cween calcium intake and body fat was noted in men > 10 y 
ago, similar to the rar studies described above. In this study, 
obese African,American men (n = 11) were randomized into 
a l-y calcium intervention by adding yogurt to their dux to 
bring their calcium intakes co - 1000 mg/d (10). At rhc end of 
r&e intervention, the men on the yogurt diet had signticantly 
lower body far compared to those men on the basal diet 
conraining a calcium intake of -500 mg/d. However, these 
results remained unpublished until recently. The analysis by 
Zemel et al. (12) chst made use of rhe NHANES III dacs 
demonstrated a similar relarionshrp i.n men as was noted in 
ti~omen; char is, the odds ratio of being in the highest body fat 
quartile was significantly reduced if the men were in the 
highest calcium incake quarciIe. These results demonstrate 
chat increased calcium intakes were associated with rcduccd 

body fat in men who were paxiciparing in borh a large epide- 
miologlcal study and a small intervenrion trial. 

In addition to the xudy in African-American men nored 
above, a similar relationship bctwecn calcium inrakc and body 
fat was observed in African-Am&can v.~mcn (11). In thiq 
cross-sectional study, the higher the caIcium/kcal ratio, tki 
iower rbe BMI (Rr = 0.47 j in premenopausal lactose-tolxant 
women (n = 26). Thus, the associative rtlacionzhip of calcium 
and body weight is also apparent in African-Americans. 

The growing interest in this field is evidenced by rhc rapid 
increase in rccenc &ted abstracts or publications, each a&l- 
ing support for the relationship. The Quebec Family Srudy 
caregorized both men (n = 235) and women (n = 235) aged 
20-65 y by their calcium intakes into low (<SC0 mg/d), 
medium (600-1000 mg/d) or high (>I000 mg/d) (12). The 
women in the Low calcium intake category were r~gnilicancly 
higher than the ocher two groups in weight, percentage of 
body far, fat mass, BMI, waist circumference and total abdom- 
inal adipose tizsuc. Anocher rccenc abstracr &&bed rhc 
results of a double-blind, p!acebo-controlled 3-y dietary cal- 
cium intervention study in young women (n = 52). Results 
showed that rhose women in the calcium supplement (15X 
mg/d) group had a rcduccd body fat incrcasc over the inrer- 
vcntion period compared ro that ol placebo Con:rols, further 
supporting the relationship between calcium and body wei& 
(13). Again, this study was originally desi,gned to assess the 
impact of calcium incake on borne mnss in young women. 

The impact of calcium may be particularly bcneficisl dt~nng 
wei& loss, as evidenced by the results presented elsewhere in 
this symposium (14). However, daiv products, the predomr- 
nanc source of cslciurr~ in the U.S. dieI; are commonly :rvoidcJ 
in weight ioss diets. Further evidence for this trend, and rbe 
potcnrial imporrsnce in reducing this trend. art suggested by 
anorber recent abstract describing 181 overweight women 
aped 24-45 y who wert enrolled in a 6-mo bchaviowl weight 
loss study (15). Their mean intake of calcium dropped ko!xI 
633 to 681 mg/d during the weight loss trial. However, being 
in the highest quarrilt of calcium intake significantly predicted 
the change in body weight (R2 = 0.12). These results ss well 
as those of Zemel (I.+) suggest that calcium, and perhaps &try 
products, should nor br: removed from weight 10~5 diets, bur. 
instead may enhance the efTecri; of rho diet. 

Finally, recent results genenred from the Coronary Arm-y 
Risk Development in Young Adults (CARDIA) Study suggesr 
an inniguing and exciting ncgativc relationship between cal- 
ciutn incalce or dairy consumption and nhesiry and insulin 
resistance syndrome (IRS) in young adulrs (16). In &is pro- 
speorive study, 3157 black and -white adula sgcd 18 to 30 y 
were followed for 10 y. Dairy product intake was negatively 
associated with the cumulative incidcncc of IRS, including 
development of obesity, abnormal glucose homeoscasis, elc- 
vsred blood pressure and dyslipidemia, in overweight, but not 
in leaner participantz. Neither lifestyle factors, race nor gender 
influenced the rtiulcs. The investigators estimated that each 
additional serving of dairy products was associated with 219/o 
lowcr odds &IRS. These interesting resulrz provide support for 
an impacr of dairy consumption, which may or may nor be 
attributed to the calcium content, on reducing the incidence 
of important risk factors for chronic diseases. 

In conclusion, e&t currenr and rapidly growing body of 
cvidcncc is subscancial and supports the relationship of dietary 
calcium intake to reduction in weight and body fat mass. 
However, it is important to confirm these observations in 
studies specifically designed to address this issue and in larger 
trials. It is also important to Further understand rlx undrrlyiny 
mc:hanism(z) for i,hhu efcecc, and ro determine wherhs the 



impact is greater ill ctrrain subgroups or while rhc cncrgy 
balance is shifting. ?hese resuhs may have a subsunxial impact 
of increased calcium in&c on reducing the Lncidence of 
obesity, as described in I$T analysis elsewhere in &is sympo- 
sium (17). Finally. studks co confirm the impact of dairy 
produca on the development of IRS, suggcsrcd by the rtctnntly 
pubiished study by Per&a et al. (16) are necessary. Aidlough 
energy balance is the mosr imporranr factor, if &.ese results are 
conCrmed, increasing rhe low dairy product and calcium in- 
takes in rhe United Scares may greatly contribute co reducing 
the growing epidemic of obesity and IRS. 
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ABSTRACT Published data desc(bing the inverse relationship between calcium Intake and body weight in 564 
women were evaluated for their dispersion around their means, and the fraction above any given weight or rate of 
weight gain was calculated from the parameters of the normal distribution for the variable concerned. At the 25th 
percentile of calcium intakes. 15% of young women were overweight, and thar fraction fell to only 4% at calcium 
intakes in the range of currently redommended values. SimilarI)/, obesity prevalance In this cohort fell from 1.4 10 
0.2% across the same difference lb calcium intakes. At midlife; women at the 25th percantile of intakes gained 
weight, on average, at a rate of 0.42 kg/y. This gain dropped to -0.0’11 kg/y al currently recommended calcium 
intakes. Although calcium Make explains only a small fraction of the variability in weight or weight gain, shifting the 
mean cf the distributions downward by increasing calcium intake can be estimated to reduce the prevalence OF 
overweight and obesity by perhaps aa much as 60-80%. J. Nurr. 133; 268S-2705,2003. 

KEY WORDS: * obesiry l overweight - weight gair: l calcium intake 

Rcccnr rzpo~s have shown an inverse reletianship bcnvccn 
calcrum Intake and body far: mass (1-6). Although scvcral of 
these srudtes have been observational in namre (and hence 
unable by rhemselves co tismbhsh dcfinirivrly &at changing 
rxlciuzn inrrrkc would change body weighr), published rcpo~ts 
describe PC least rhrre random&cd controlled rriais, all of 
which were positive. Hence, although much, mote needs w bc 
learned, ir now seems reasonably well established chat high 
calcium inrakcs can reduce the risk of being obese and a&t in 
making weight loss regimens more effective: 

Ob&rJ is recognized LO be mulcifac~oria.1; in character, -and 
calcium intake has been variously estimatefl LO explain from 
3% to perhaps 3s much as 10% of the total variation in adult 
weight, a reiarively small portion of rh:ht to4 variability. Per- 
haps a more imponanr: question, however, is how much dif- 
ference normalizing calcium intake would make in the ptev- 
alence of obesity or overweight in the populaiion. This srudy 
PTCSXLtS a preliminary arcempt, using published data, to answer 
&s question. 

’ Pwsented a8 part of rhe eymposlum ‘Oeiry Product Components end 
Welt~ln Ftegulatbn” gfven sk ?hc 2.002 Exporimontel Biology meeting on April 21, 
2002. New Orleans, L4. The sympaslum W&I sponsored by The American Scwty 
for Ninr!donsl Scknce3 Lnd supported by Dairy Management II%. 5nd General 
Mlllr, Inc. The prococdirqs are pubikhad es FZ supplement to ?Re JoUma( al 
Nu/ucltion. Guest ediiors for the sympo&m were Dorothy T,cqarden, Dspwtmem 
or Fcous and Nulrition, Purdue UniwrsiP{. Wear Lafayerre, IN, and Michael 8. 
Zamel. Depwtmsnrs of NuvRlon and Fnedlclne, The University of Tenneesee, 
Knoxvflle, TN. 

z Supponed by NaTjonaI Institutes of Health (grant8 AR07Q12, AA30221, 
AR421 55. AR32P62). HeslUl Future Foundarlon, National Dairy Council and 
Croiphlon Urwa~ib~. 

d To whom corrt?spo~dcnco should be addressed. 
E-meil: rheaneyiacrelghronedu. 

SUBJECTS AND METHODS 

The dao behind the publication of Davies CC al. (3 j were 
reevaluated, focusing on the disuiburion of va!ucs around the 
regression 11nes r&ring calcium intake ro bodv mass index 
(BMi) in young women and to weight gain ac midlifc. In both 
groups of women, calcium intake was obtained from 7-d Jicr 
records, and was expressed as the calcium-co-protein ratio 
(mg:g). Thi4 stratagem psrdslly corrects for porrion iizc csti- 
mation error; ar rhe same rime ir adjusts for the counccrvailin~ 
effects of calcium and protein intakes on calcium balance in 
the range of calcium intakes commonly encountered (7). 

The young women constituted rwo colxxcs (total n = 348), 
one srudied in 1984-1985 and die other in 1995-1997, both 
on entry into studies designed to tesL skdcta2 endpoints, For 
the studies !n thcsr women, BMI was taken a5 he dependrni, 
variable. The middle-aged women also cons&-& two cohort< 
(row1 n = 216), each folol[owed prospccctvely w&our inrcr- 
vention, onr for a mean of 8.5 y and the orher for a meEn of 
21.7 y. In these women rate of change in weight (kg/y) ws 
den as chz dcpcndent variable. Both groups of women have 
b&A characterized more fully elsewhcrc (3 ) 

For both data set5 rhe dlscribucion of values for BMI :WI~ 
weight gain were rested for normality and suitably trans- 
formed, as needed. The haccicm of rhe populadon rcprcscnced 
by &ese samples above any specified vaiue was calcufa ted from 
the incegrai of r.he normal disrriburion for the respcccivc mea= 
and srandard deviations. Error terms for thwc fmcrions were 
calculated from rhe corfdence intervals of the slope of chc 
reladonship of the dependent vsriable on calcium u-x&e, in 
each case ar the sppzciftcally reseed calcium incakcs. The aps 
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FiGLiRE 1 Plot of the regression line relating the d@taary calcium: 
pfoarein ratlo 10 wolghr gain in midlife womb, from the data of W&s et 
al. (3). Sperimposed on this regression line are plots of the normal 
distribution with means at predicted weight galn for calclum:protein 
rau’os of 9 and 20 mg Ca:g protein, and with standard deviations set to 
We s?anUard error of the estimate for the regression. The areas under 
the two curves for weight gain zz 1 kg/y ([he horizontal dashed line) ara 
shaded. (Copyright Rabett P. Heaney, 2002. Used with permission.) 

preach is illusuawd graphically ill Figure 1 for ile data set 
from the mtddleaged cohort. 

BEsuLTs 

Table 1 presents the area under the curve of the discribu- 
ttou of 8541 value5 equal to or >26 kg/m2 and equal to or >30 
kg/mm’, respectlveiy, both ar calcium-too-protein ratios of 1.0 and 
20 mg:g- (The former reprtients rhe approximate 25th per- 
centile of calcium intak.kcs for this group, and the latter is 
approximately rhe currently recommended calcium intake for 
third-decade xvomen.) Because the disnibudon of BMI was not 
normal, rht data wcrc log nansformed and the foregoing 
calculations were performed on the transformed data. As can 
be seen, predicted BMI ar 10 mg Ca:g protein was 22.5 and chc 
probability of having a EM? 2 26 was 0.146. This probabiliq 
drops to 0.041 at 20 mg Ca:g protein, and chc rclacivc risk of 
Oting ovcrwcight ar the approximwe 25th percentile of cal- 
cium inrakes, relative to the rtcommcnded intake, is thus 3.6. 
Similarly, the probabilities of being obese (BMI 2 30) are 
0.014 and 0.002 for the two calcium inrakcs, for a relarive risk 
of 6.9. 

Table 2 presenn corresponding data for weight gsin at 
midlife, at calcium-to-protein intake ratios of 9 and 20 mg:g, 
respectively. (The former is &c approximate 25rh percentile 
and the larrcer, approximately the currrncly recommcndcd in- 
cake for middle-aged women.) As can be seen, rhc predicted 
wcighr. gain at 9 mg Ca:g protein was 0.423’ kg/y, and about 
one sixrh of the women gained at a race of 1 kg/y or greater. By 

conmast, the mean predicted change at 20 mg L^a:g protean is 
accualIy slighhrly ncgacive ( -0.011 kg/y), arld only 3.7% would 
be predicted CO galu ac a race of 1 kg/y or more. ne risk of such 
gain for the lower calcium intake lcvcl, relative ‘co record 
mended incakes, is rhuj 4.2. 

DISCUSSION 

The daza presented in &is analyns suggest char: the preva- 
lence of obesity (or weight gain) in women could bc rcduccd 
by 60-80% by the simple scracagem of ensuring population- 
wide calcium inrakes ac the currently recommended levels. 
Howcvcr, ic must be stressed char there is a great deal of 
uncerminv around such an cscimate, princ1p2lly because so 
few women were available in chc two cohoxs studied ~0 
provide weight or weight gain data at the recommcndcd cal, 
cium intakes. For &is reason any disuibutionai analysis at 
rrcommended calcium incakes musr involve a cermin amount 
of excrapolarion, aIways a risky enterprise. 

Moreover, it musr be stressed chat, although this analysis 
adds new insights inro the data assembled by Davies et al. (3), 
it does not add new informadon. The 564 individua1: who 
contributed data for this anary& are the same subjecu rc- 
porccd on by Davies et al. In this inscancc, however, the dam 
from cormolled trials are helpful, given char inrakcs in rhese 
trials are in the desired range, and the observtd wclghr 
changes arc ar leasi: drrecrionally consistcnr with the escimxts 
derived in this study. 

lilso reassurin,g in &is regard is the anaiysis of chk 
NHANES-III data earlier reported by i!emel et al. (1) hftsr 
adjusting for age, sex, race and enerm intake, they found 3 
scltpvisc reduction in risk of obesiry for each quartile of cal- 
cium :ucake. Ar the highest quartile (approsimar=ly CqrJd to 

current recommendations for calcium), The risk of being in the 
highest BMI quartile KG reduced by about 55%. Here the 
investLgators had access co sufficient numbers of individuals ac 
the recommended caIcium incakcs, and the observed redluccion 
in their prcvrilcncc of obesity is quite similar to the esdmate 
developed in this analysis. ConsisTem widl dais hndmg, 3150, is 
the recent report of rhe CARDIA study group (5) ehac dairy 
consumption w’ds inversely associated with body wcighr in G 
prospective study of over 3000 young adula. 

The absolucc prevalence of obesity in our sample of young 
women was relatively low, only nine out of 348 individuals, or 
slightly <3%. These women were entered into Their respective 
rrials 18 and 7 y ago, rcspcrtively, and it is known that obcsitlr 
prevalence in this age range has increased substantially since 
then (9,lO). This means drar the distribution of weight has 
shifted upward and that both the predicted mean values and 
the population Fraction above any given BMI level will prob- 
abiy be higher today than chc values presented in TabIt 1. 
Wherher the slope of BMI on calcium intake will have 
chringcd since then cannot be determined from the data an- 
alyzed here. However, the raponse to calcium supplcmcncz- 

TABLE 1 

BMI and cekium in&b in young women 

Ca-to-protein 
rat10 (mg:g) 

Predicted Fraction 
BMI I 26 kg/m2 

Confidence 
interval 

Fracrlon 
2 30 kg/m2 

Confidence 
intsrval 

10 22.5 a.146 0.1060.152 
20 19.3 0.041 0.032-0.031 

0.014 G.OOK’-0.0153 
0.002 0.00740.0025 
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TABLE 2 

Weight gain and calcium intake at midlife 

Cs-to-promin Predlcred weight Fraction gaining Confidence 
ratio (mg:g) change &g/y) a 1 kg& intwval 

9 CO.425 0.154 0.124-0.189 
20 -0.017 0.037 0.027-0.049 

tion in contemporary trials (2) indicates that the inverse 
rclacionship found in these women remains operative today. 

The obstrvsdon, bcth &dent here and previously nored 
(4), that mean weight gain at midlife is effcccivcly icro if 
calcium intake is at currently recommended levels is a ~O~VJ- 
irous co&rmarion of the approximaec adequacy of chose rec- 
ommendations. Ic is forturtous in chc scrxe that the currenrly 
recommended intakes were pegged m a skeletal endpoint, and 
thcrc is no a priori reason ro expect that all systems would 
exhtbir the same requirement. Ir is also interesting to note 
that, despite rhe established bone prorecrive bencfic of an 
adequate calcium intake, the data presented here suggest. drar 
the effecr on obesity prevalence-rinrecogniztd until rcccntly- 
is lrkely co br; as large as, or larger than, rhe correspondmg 
effect on osteoporosis prevalence. 

Both the skeletal and rhe weighr benefits are manifestations 
of the pleomorphic cffccts of dictanr calcium, the bases for 
which are only now becoming clear ancl whrch wrrc dcscribcd 
in detail elsewhere (11). At the same time, they illustratx, 
cangentiaIly, a point made by Geoffrey Rose nearly 20 y ago 
(12) &a~, when the bulk of the population is exposed to any 
given, hut unrecognized, harmful influence, usual s~uclies of 
apparent causation arc able to idcnrify, not the mre eriology, 
but or& predisposing factors (i.e., the reasons why some suc- 
cumb co the &cast and ochcra do not). Low calcium inrakes 
in rhis case are so wrdespread in the North American popu- 

latton today that virrually everyone IS exposed co that mflu- 
enco. If, as S~WTIS increasingly likely, these low incakcs are 
inadequate, then correcting calcium inrake at a populanon 
Icvel would produce benefits for many body systems. Further- 
more, some of the factors currently considcrcd to be causative 
of the diseases concerned will likely turn out to be only 
predisposing or triggering factors, operating by exaggerating or 
uncovering rhe effects of &e real came, inadequare calciums 

inrakr. 
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Calcium intake, body composition, and lipoprotein-lipid 
concentrations in aduits1-3 
Me’lanie Jacqmain, Eric Doucet, Jean-Pierre Despre’s, Claude Bouchard, and Angelo Tremblay 

ABSTRACT 
Background: Recent data suggest that variations in calcium 
intake may influence lipid metabolism and body composition. 
Objective: The association between daily calcium intake and body 
compositlon and plasma lipoprotein-lipid concentrations was studied 
cross-sectionally in adults from phase 2 of the QuBbec Family Study. 
Design: Adults aged 20-65 y (235 men, 235 women) were studied. 
Subjects who consumed vitamin or mineral supplements were excluded. 
Subjects were divided into 3 groups on the basis of their daily calcium 
intake: groups A (~600 mg), B (600-loo0 my), and C (r 1000 mg). 
Results: Daily calcium intake was negatively correlated with plasma 
LDL cholesterol, total cholesterol, and total:HDL cholesterol in 
women and men after adjustment for variations in body fat mass and 
waist circumference (P < 0.05). In women, a significantly greater 
ratio of total to HDL cholesterol (P < 0.05) was observed in group 
A than in group C after correction for body fat mass and waist cir- 
cumference. In women, body weight, pcrccntagc body fat, fat mass, 
body mass index, waist circumference, and total abdominal adipose 
tissue area measured by computed tomography were significantly 
greater (P < 0.05) in group A than in groups B and C, even after 
adjustments for confounding variables. Comparable trends were 
observed in men, but not after adjustment for the same covariatcs. 
Conclusion: A low daily calcium intake is associated with greater 
adiposity, particularly in women. In both sexes, a high calcium 
intake is associated with a plasma lipoprotein-lipid profile pre- 
dictive of a lower risk of coronary heart disease risk compared 
with a low calcium intake. Ani J Clin Nutr 2003;77:1448-52. 

KEY WORDS Calcium, body weight, adiposity 

INTRODUCTION 
Human studies have shown negative relations bctwecn high calcium 

intake and obesity-related metabolic disorders such as hypenension 
(l-4) and diabetes and insulin resistance (3-7). Other data show an 
inverse association between calcium intake and body weight (8-10) 
and the risk of becoming obese (11). Furthermore, some research 
groups have reported an inverse association between calcium con- 
sumption and body fat, particularly in women (10-12) and in children 
(13-15). Finally, animal models have provided mechanistic msight as 
to how low calciumintakes could intiuence body fat stores (11,16, 17). 

The plausible relation between the amount of calcium ingested in 
the diet and adipocyte intracellular calcium [Ca2+], was examined by 
Zemel et al (4, II, 18, 19). In brief, an inverse relation between 
dietary calcium and [Ca?*], was found, It appears that an increase in 
dietary calcium intake results in a decrease in [Ca2+],, which in turn 
Increases lipolysis (II). In contrast, low calcium consumption inducts 

high blood parathyroid hormone and 1.25dihydroxyvitamin D con- 
centrations, which could increase [Ca2+], in human adipocytes, 
switching their metabolism from lipolysis to lipogenesis (4, 11). 
Thus, an increase in [C$+], appears to promote triacylglycerol accu- 
mulation in adipocytes by exerting a coordinated control over lipo- 
genesis and lipolysis (1 S). The increase in [Ca?+], would suppress the 
latter, resulling in lipid storage and adipocyte hypertrophy. 

Most of the data on calcium intake and body composition in 
humans are observational (9, 11, 15. 20), although the results 
remain useful for the formulation of new hypotheses. Furthermore, 
the potential relation between calcium intake and plasma lipopro- 
tein-lipid concentrations has not been investigated. Thus, the pres- 
ent study was performed to further investigate the relation between 
daily calcmm intake and direct measures of body composition as 
well as to test the hypothesis of an association between dietary 
calcium intake and plasma lipoprotein-lipid concentrations. 

SUBJECTS AND METHODS 

Subjects 
This study is based on data obtained from 235 men and 235 

women aged 20-65 y, who were recruited in phase 2 (1991-1998) 
of the Qudbec Family Study. Subjects who regularly consumed vita- 
min or mineral supplements were excluded from the study. How- 
ever, the questionnaire on food habits that was used in this study 
did not permit us to specifically identify calcium supplement con- 
sumers among the subjects who reported consumption of nutrient 
supplements. Therefore, consumers of all types of dietary and nutri- 
ent supplements were excluded. For some analyses, participants 
were divided into 3 groups on the basis of their daily calcium con- 
sumption: group A (< 600 mg), group B (600-1000 mg). and group 
C (z 1000 mg). The classification of subjects was a priori decided 
in accordance with our intent to compare subjects with &her a cal- 
cium intake markedly below nutrient reFerence intakes or above 
adequate calcium intakes. The cutoffs of 600 and 1000 mg Ca/d 
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Science and Nutrition (J-PD), Laval Unwerslty, Ste-Foy, Qu6bec; the School 
of Human Kinctxs, University of Ottawa, Ontario (ED): and the Pennmgton 
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Descriptive charactenstlcs of women and men &v&d mto 3 groups by daily calcium Intake’ 

VaIlable 
Group A  
(n = 52) 

Women’ 
Group B  
(n= 113) 

Group C Group A  
(II = 70) (n = 36) 

Men? 
Group B  
cn = 94) 

Group C 
(U = 105) 

Age w 
Body weight (kg) 
BMI (kg/m’) 
Percentage body fat (S) 
FM (kg)’ 
FF’M  (kg)? 
Waist cmxmfcrence (cm) 
Abdommal AT (cm’)’ 

43.5 It 1.6 
82.3 2 3.3” 
31.8 k 1.2’ 
37.3 k 1.6” 
32.4 rt 2.5” 
48.9 i 1.2 
93.6 rt 2.6” 

552.2 2 40 S,’ 

38.8 k 1.2 36.7 + 1.5 
69.S t 1.9h 65.0 k 2.7” 
27.0 t 0 7b 25.2 t l.Ob 
31.3 * 0.9b 2s.9 k 1.2b 
23 6 + I .4b 19.8 * 1.9h 
45.7 t 0 7 44.4 + 0 9 
82 0 + 1.6h 78.4 * 2.2” 

405.7 f 24.4b 373.3 * 33.7b 

45.3 + 2.0 43.2 ?r 1.4 
86.8 f 3.5 53.0 Lb 2.0 
2s 8 2 1.1 27 7 + 0.6 
24 6 + 1.5 23.5 Z?I 0.9 
21.2 f 2.4 20.5 * 1.3 
62.1 f 1.5 60.5 + 0.8 
98.0 + 2.7 94.0 k 1 6 

3565?395 340.2 zk 21.9 

37.9 I!? 1.3 
82.5 + 2.0 
27.6 2 0.7 
23.7 k 0.9 
21.2 i: 1.3 
61 7 i 0.S 
94.2 i: 1.6 

362.3 2~ 22.4 
Mean calcmm Intake img/d) ‘M S  0 Ik 12 3” 789 0 + 9.9” 1286.8 t 31.3‘ 455.0 f 23.4” 773.5 + 11 0” 1426.4 + 36.1’ 

‘4 &  SEM. Variables of body composmon were adjusted for age, daily energy Intake, percentage dietary fat, dxtary protem, and socioeconomic status 
by analysis of covnnance. FM, fat mass; FFM, fat-free mass, AT, a&pose tlssue. Withm a sex group, values m  the same row with difftirent superscript let- 
ters are slgmficantly dift&ent, P < 0.05. 

ZGroup A. ~600 my Ca/& group B, 600-1000 mg Caid; and group C, > 1000 mg Ca/d. 
3tz = 214 women and 216 melt 
“Cross-sectional area measured by computed tomography. 

appeared justified because they also allowed a sulticient statistical 
power withm each group. The Qutbec Family Study received 
approval from the Lava1 University Medical Ethos Committee, and 
written informed consent was obtained from each participant. 

Anthropometric measurements 
Waist circumference was measured according to Lohman et al 

(21), whereas body weight was measured with a standard beam scale. 
The closed-circuit helium dilution method (22) was used to assess 
residual lung volume. Body density was determined by hydrodensit- 
ometry (23), and the Siri formula (24) was used to estimate the per- 
centage body fat from body density. Fat mass (FM) was calculated 
from the derived percentage body fat and total body weight. Fat-free 
mass (FFM) was calculated by subtracting FM from body weight. 

Computed tomography measurements 

Computed tomography (CT) was performed with a Siemens 
Somaton DRH scanner (Sicmens, Erlangen, Germany) according 
to the method described by Sjiistrdm et al (25). Briefly, subjects 
were examined in the supine position with both arms stretched 
above their head. CT scans were performed at the abdominal level 
(between the L4 and L5 vertebrae). Abdominal adipose tissue (AT) 
was calculated by delineating the area with a graph pen and then 
computing the total AT surface with an attenuation range of - 190 
to -30 Hounsfield units (25), as previously described (26) 

Dietary record 

Daily energy, macronutrient, and micronutrient intakes were 
determined by using a 3-d dietary record, as previously described 
(27). Information was subsequently coded, and the energy, 
macronutrient, and micronulrient contents of the &et were calcu- 
lated with the Canadian Nutrient File (25). The dietary journal was 
completed on 2 weekdays days and 1 weekend day. 

Plasma lipids and lipoproteins 

Serum blood lipids were determined from blood samples collected 
at 0800 after the subjects had fasted overnight for 12 h. Total choles- 
terol and triacylglycerol concentrations were determined enzymatically 
with the use of commercial kits, as described elsewhere (29). HDL- 
cholesterol and LDL-cholesterol concentrations were analyzed after 

precipitation of LDL in the infranatant fluid with heparm and magne- 
sium chloride (30). The ratio of total cholesterol to HDL cholesterol 
was also derived as a lipid index of ischemic heart disease risk (31). 

Statistical analysis 

JMP software 3.1.6.2. (SAS Institute, Inc, Gary, NC) was used 
for all analyses. The values for men and women were analyzed 
separately. Pearson’s correlations were calculated between daily 
calcium intake and all body-composition variables [body weight, 
body mass index (BMI), FM, FFM, percentage body fat, waist cir- 
cumference, and abdominal AT] and plasma lipoprotein-lipid vari- 
ables (HDL cholesterol, LDL cholesterol, triacylglycerol, total 
cholesterol, and total:HDL cholesterol). Correlations were subse- 
quently calculated with the residual scores between daily calcium 
intake and body-composition variables after taking mto accomit 
the effects of age, daily energy intake, percentage dietary fat, 
dietary protein, and socioeconomic status (total income and high- 
est academic level). Moreover, correlations were performed with 
the residual scores between daily calcium intake and plasma 
lipoprotein-lipid concentrations after control for FM and waist 
circumference. 

A one-way analysis of variance was used to test for differences in 
body weight, BMl, FM, FFM, percentage body fat, waist circumfer- 
ence, and abdominal AT between the groups with different calcium 
int‘akes. A one-way analysis of covariance was used to control for a 
series of covariates (age, daily energy intake, percentage dietary fat, 
dietary protein, and socioeconomic status), which can potentially 
affect energy balance and body weight control. The one-way analy- 
sis of variance and analysis of covariance were also used to compare 
the plasma lipoprotein-lipid profile (HDL cholesterol, LDL choles- 
terol, triacylglycerol, total cholesterol, and total:HDL cholesterol) 
across the subgroups of daily calcium intake with FM and waist cir- 
cumfcrence as covariatcs. When a statlstical difference was dctcctcd, 
a Tukey’s test was then performed to assess specific differences 
between groups. All values are expressed as means i SEMs. 

RESULTS 
The descriptive characteristics of the 3 calcium intake sub- 

groups, by sex, are shown in Table 1. After adjustment for age, 
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TA HLE 2 
Plasma lipld-hpoprotem concentrations in women and men diwded into 3 groups by daily cnluum intake’ ” _ . _I _ . __, _. _ . ” _ 

Women2 Men? 
Gr& i --- - . . . --- -Group.4 -_ -. GO”, d Variable Group B  Group C Group B  ~- 

HDL cholesterol (mmol/L) 1.29 2 0.05 I.36 rt 0.03 1.37 * 0.04 I .OG i 0.05 1 .a9 &  0.03 1.11 +a.03 
LDL cholesterol (mmol/L) 3.27 * 0.13 3.03 f. 0.08 2.88 2~ 0.10 3.43 * 0.15 3.36 + 0.09 3.08 f 0.08 
Triacylglycerol (mmol/L) 1.43 k 0.09 1.25 t 0.06 1.24 + 0.07 1.86 Lk 0.17 1.70 + 0.10 1.61 i: 0.09 
Total cholesterol (mmol/L) 5.19 2 0.16 4.94 t 0.10 4.80 i 0.12 5.32 rt 0.17 5.20 Ik 0.10 4.88 zk 0.09 
Total:HDL cholesteml 4.16 &  0.14” 3.81 * 0.0P.b 3.6910.11” 5.23 32 0.23 5.01 5 0.14 4.64 i 0.13 

‘X ? SEM. Variables were adJusted for fat mass and waist circumference by analysis of covariance. Within a sex g~oop, values in the same row with 
mfferent superscript letters are significantly different, P  < 0.05. 

‘Group A, ~600 mg Q/d; group B, 600-1000 mg Ca/d; and group C, z 1000 mg Caid 

dally energy intake, percentage dietary fat, dietary protein, and 
markers of socioeconomic status, the women who consumed 
< 600 mg dietary Ca/d had greater values of body weight, BMI, 
percentage body fat, FM, waist circumference, and abdominal AT 
than did those with daily calcium intakes ~600 mg (P < 0.05). 
No significant differences were found across subgroups of men. 
Women and men with the lower calcium intake were 6-7 y older 
than the group with the highest calcium intake. This finding 
agrees with the significant correlation that was observed between 
age and adiposity in both women (r = 0.40, P < 0.01) and men 
(r = 0.42, P < 0.01) and Justifies the statistical adjustment for age 
in the present study. 

A comparison of the plasma lipoprotein-lipid prolile among the 
subgroups of men and women, classified by daily calcium intake, is 
shown in Table 2. In women, group A had a significantly greater ratio 
of total to HDL cholesterol (P < 0.05) than did group C, whereas no 
significant differences were observed for HDL cholesterol, LDL cho- 
lesterol, triacylglycerol, or total cholesterol between groups. No 
significant differences in plasma lipoprotein-lipid concentrations 
were found between subgroups of men. 

Calcium intakes in women and men were 861.8 + 22.8 and 
1016.4 + 30.3 mg/d, respectively (P < 0.01). As expected, most of 
the dietary calcium was derived from dairy products. In women, 
61.8% of the daily calcium intake was from milk, cheese, yogurt, 
ice cream, pudding, desserts with milk, and soups prepared with 
milk. In men, 59.5% of the daily calcium intake was provided by 
the same dairy products. Tn both sexes, bread and cereals con- 
tributed 11% and 12% of daily calcium intake, respectively. Other 
foods contributed smaller amounts of calcium. 

Simple correlations and adjusted correlations between daily 
calcium intake and body-composition variables in women and 
men are’ provided in Table 3. After correction for confounding 
variables such as age, daily energy intake, percentage dietary fat. 
dietary protein, and markers of socioeconomic status, significant 
correlations persisted only in women. Thus, adjusted correlations 
were significant for percentage body fat (P < O.Ol), FM (P < 0.05), 
BMI (P c 0.05), and waist circumference (P < 0.05). Trends were 
also observed for FFM (P = 0.08). For men, after control for the 
same covariatcs, no significant association with daily calcium 
intake was observed. 

Simple correlations and adjusted correlations between daily 
calcium intake and plasma lipoprotein-lipid concentrations in 
women and men are shown in Table 4. In women, after adjust- 
ment for FM and waist circumference, LDL cholesterol, total cho- 
lesterol, and the ratio of total to HDL cholesterol were all 
inversely correlated with daily calcium intake (P c: 0.05). In men, 
after control for the same covariates, LDL cholesterol, total cho- 
lesterol, and the ratio of total to HDL cholesterol were also nega- 
tively correlated with calcium intake (P *: 0.01). 

DISCUSSION 
This study was performed to examine the association between 

daily calcium intake and body composition and plasma lipid- 
lipoprotein concentrations in both women and men. Our results 
are generally consistent with recent data, which show a potential 
effect of calcium intake on body weight and FM in humans (S, 9, 
11-1.5). One of the hitriguing observations in the present study is 

TABLE 3 
Correlatwns and adjusted correlations between daily calmum intake and body-composSion variables m  women and men’ 

- .- -. .“--_.: -..-:-- .^_ . . . _.“._ . -. .- --- _.. :..:- _-_ ;-_1-^ -I. :- : : .._.___. I’-... -_ .:- . . . . . .._- _ “.. “̂ _ _ .._ . ._ ^.. 
Percentage body fat FM FFM BMI Waist cucumference Abdominal AT2 -- 

Correlations 
Women, calcium Intake -0.17” -0.11 0.01 -0.117 -007 -0.17 
Men, calcmm intake -020" -0.10 0.2Y 0.00 -0.05 -0.02 

Adjusted correlations’ 
Women, cnlcmm intake -0.19” -0.173 -0.12" -0.143 -0 15" -0.10 
Men, calcium intake -0.10 -0.09 0.02 -0.09 -0.10 0.04 

’ FM, fat mass; FFM, fat-free mass: AT, adipose tissue. 
ZCross-sectional area measured by computed tomography. 
'P < 0.05. 
"P<O.OI. 
5After correction for age, daily energy intake, percentage dietary fat, prot~m Intake, and socioeconomic status. 
“P =0.08. 
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TABLE 4 
Correlations and adjusted correlations between daily cnlclum Intake and plasma lipld-hpoprotem concentrations in women and men _. _-.. ._ 

HDL cholesterol LDL cholesterol Triacylglycerol Total cholesterol TotaLHDL cholesterol . . _. 
Correlations 

Women, calcmm intake 0.06 -0.20' -0.132 -0.19' -0.19' 
Men, calcnml intake 0.10 - 0.24’ -0 II -0.24' -0.22' 

Adjusted correlatlot& 
Women, calcium Intake 0.03 -0.1s -0.08 -0.162 -0.152 
Men, calcium mlake 0.09 -0.26' -0.11 -0.26' -0.24' 

'P < 0.01 
ZP < 0.05. 
‘After correction for the effects of fat mass and walbt c~rcumfcrencc. 

that the significant relations with dietary calcium were observed 
mainly in women. These observations, however, agree with those 
of Teegarden et al (12) and Zemel et al (11). As shown in Table 1, 
body weight, BMI, percentage body fat, FM, waist circumference, 
and abdominal AT were all significantly greater in women report- 
ing a low calcium intake (<600mg/d). This was observed despite 
adjustments for a series of potentially confounding variables. 

As proposed by Zemel et al (4, ll), a low calcium intake 
could also influence calcitrofic hormones. In humans. a rise in 
parathyrold hormone and 1,25-dihydroxyvitamin D favors an 
increase in [Ca2+],-promoting lipogenesis (4, 1 I). Conversely, a 
high calcium intake results in lower blood parathyroid hormone 
and 1,25-dihydroxyvitamin concentrations and an increase in 
lipolysis (4, 11). 

Our study is the first to show a difference in the lipoprotcin- 
lipid profile by daily dietary calcium intake, mdependently of adi- 
posity. Thus, in women and in men, LDL cholesterol, total cho- 
lesterol, and the ratio of total to HDL cholesterol were inversely 
correlated with daily calcium intake. The ratio of total to HDL 
cholesterol was significantly greater in women who consumed 
lower amounts of calcium (groups A and B) than in group C 
(Table 2). Accordingly, a recent study of postmenopausal women 
showed a beneficial effect of calcium citrate on blood lipids (32). 
These data strongly suggest that the effects of calcium on the 
lipolysis-lipogenesis balance as well as on plasma lipid and 
lipoprotein concentrations warrant further investigation. 

Zemel et al (1 I, 16) studied the implication of the agouti protein 
on the regulation of [Ca”],. Agouti stimulates Ca” influx and pro- 
motes cncrgy storage in adipocytcs by stimulating the cxprcssion and 
activity of fatty acid synthase, an enzyme involved in lipogenesls. 
and by inhibiting lipolysis in a Ca++-dependent rat model (1 I). This 
model is useful for the assessment of calcium regulation in adipocytes 
of rodents, but human studies are also needed to test these pathways. 

The relation between dietary calcium intake, adiposity, and 
lipoprotein-lipld metabolism may also be affected by sex hor- 
mones. Indeed, variations in plasma estrogen concentrations were 
recently found to be associated with those in intestinal calcium 
absorption (33, 34). This could affect dietary calcium availability 
and result in significant metabolic changes long term. 

As we reported previously, men who consumed micronutrient 
supplements had a lower mean hody weight (8.5 kg) than did non- 
consumers of supplements (35). Thus, we could expect a potential 
role of other micronutricnts on variations in energy balance and 
body composition. Nevertheless, the influence of calcium on daily 
and resting energy expenditure and on feeding behavior (eg, level 
of satiety, level of hunger, desire to eat, and prospective food con- 
sumptlon) should be considered in future research. 

As expected, dietary calcium was mainly provided by dairy 
products in both men and women. Because these foods are good 
sources of fat and protem, which are known to affect both energy 
balance and adiposity (36, 37), analyses were performed by cor- 
recting for variations in these 2 nutrients. However, as indicated 
above, this statistical adjustment did not alter the calcium-adi- 
posity relation, suggesting that the potential effect of calcium on 
body fatness and hpid metabohsm is independent of the macronu- 
trient content of dairy products. 

In summary, dietary calcium intake is associated with body 
composition, particularly in women who report a low calcium 
intake. Moreover, the plasma lipoprotein-llpid profile in both 
women and men is apparently affected by a low calcium intake, 
independently of the concomitant variation in body fatness. We 
conclude that dietary calcium should be considered in the study 
of the regulation of energy balance if a more complete picture of 
the factors predisposing to obesity is to be achieved. More 
research is needed to establish whether there is a causal associa- 
tion between calcium intake, body cornpositIon, and plasma 
lipoprotein-lipid concentrations. H 
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Relation between calcium intake and fat oxidation in 
adult humans 
EL Melanson’*, TA Sharp’, J Schneider ‘, WT Donahoo’, GK Grunwaldl and JO Hill’ 

‘Center for Humnn Nufrition, University of Colorado He& Sciemes Center, Denver, CO, USA 

OBJECTIVE: To determine if total calcium (Ca”) intake and intake of Ca” from dairy sources are related to whole-body fat 
oxidation. 
DESIGN: Cross-sectional study. 
SUBJECTS: A total of 35 (21 m, 14 f) non-obese, healthy adults (mean t s.d., age: 31 & 6y; weight: 71.2 f. 12.3kg; BMI: 
23.7 2 2.9 kgm-‘; body fat: 21.4 k 5.4%). 
MEASUREMENTS: Daily (24 h) energy expenditure (EE) and macronutrient oxidation using whole-room indirect calorimetry; 
habitual Ca” intake estimated from analysis of 4-day food records; acute Ca2+ intake estimated from measured food intake 
during a 24-h stay in a room calorimeter. 
RESULTS: Acute Ca” intake (mg . kcal-‘) was positively correlated with fat oxidation over 24 h (r=0.38, P = 0.03), during sleep 
(r= 0.36, P = O-04), and during light physical activity (r=0.32, P=q.O7). Acute Ca ‘+ intake was inversely correlated with 24-h 
respiratoty quotient (RQ) (r= -0.36, P =0.04) and RQ during sleep (r= -0.31, P=O.O7). After adjustment for fat mass, fat-free 
mass, energy balance, acute fat intake, and habitual fat intake, acute Ca” intake explained N 10% of the variance in 24-h fat 
oxidation. Habitual Ca” intake was not significantly correlated to fat oxidation or RQ. Total Ca2+ intake and Ca2+ intake from 
dairy sources were similarly correlated with fat oxidation. In backwards stepwise models, total Ca” intake was a stronger 
predictor of 24 h fat oxidation than dairy Cazc intake. 
CONCLUSION: Higher acute Cazc intake is associated with higher rates of whole-body fat oxidation. These effects were 
apparent over 24 h, during sleep and, to a Iesser extent, during light physical activity. Calcium intake from dairy sources was not 
a more important predictor of fat oxidation than total Ca” intake. 
/nternationo/~ourna/ of Obesity (2003) 27, 196-203. doi:lO.lO38/sj.ijo.802202 

Keywords: body weight regulation; lipolysis; room calorimeter; energy expenditure 

Introduction 
There is little understanding of the optimal dietary composi- 
tion necessary to promote weight loss and prevent weight 
gain. While much attention has been focused on macro- 
nutrient intake and body weight regulation, particularly 
dietary fat,’ an emerging body of literature suggests that 
dietary calcium (Ca”) may play a role in the regulation of 
body weight and body fat. In an analysis of the first National 
Health and Nutrition Examination Survey TT\IHANES I), 
McCarron et ai reported that body weight was inversely 
related to self-reported Ca2+ intake. In subsequent cross- 
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sectional studies, self-reported Ca” intake was shown to be 
inversely related with body fat mass,3 body weight,4 and the 
relative risk of obesity in NHANES 111,’ Low self-reported 
Ca” intake was later shown to predict gains in body fat in 
children” and young women.’ In humans, greater weight 
loss was observed with Ca” supplementation in placebo- 
control trials of the effect of dietary Ca” on osteoporotic 
risk,4 and an unexpected 4.9 kg weight loss was observed in a 
clinical trial investigating the anti-hypertensive effects of 
increasing dietary Ca 2c,5 It has been estimated that a 
1OOOmg Ca ‘* intake difference is associated with an 8 kg 
difference in mean body weight, and that Ca” intake 
explains approximately 3% of the variance in body weight.4 
Thus, there is an increasing interest in understanding the 
mechanism by which dietary Ca2+ potentially regulates body 
weight and fat mass. 

It has been hypothesized that high Ca” diets protect 
against fat gain by creating a balance of lipolysis over 
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lrpogenesis in adipocytes.” Ca” homeostasis is maintamed 
by the concerted actions of parathyroid hormone (PTH), 
calcltonin, and the vitamin D metabolite Iq25dihydroxy- 
vitamin D3 (lq25-(0H)aDs). When serum Ca” levels fall 
below normal (SS-10.5 mg dl-I), counter-regulatory in- 
creases in M’H promote increased bone resorption, decreased 
Ca” excretion in the kidneys, and increased formation of 
Iq25-(0H)sDs. Both la,25-(OH)sDs and PTH stimulate 
increases in intracellular concentrations of Ca” ([Ca”],) in 
human and murine adipocytes.’ In v&o data demonstrate 
that lipolysis and I ipogenesis in adipocytes are regulated by 
Ca”-dependent mechanisms. Agouti protein exerts a potent 
inhibition of forskolm-induced lipolysis, which is blocked by 
treatment with the calcium channel blocker nitrendipine.’ 
Treatment of 3T3-Ll adipocytes with recombinant agouti 
protein increases fatty acid synthase (FAS, a key enzyme in de 
nova fatty acrd synthesis) mKNA levels 1.5fold, and this 
effect is attenuated by treatment with nitrendipine.‘Thus, it 
is hypothesized that low dietary Ca” leads to increased 
[Ca”],, mediated by changes in circulating la,25-(OH)2D~ 
and PTH, thereby reducing lipolysis and enhancing lipo- 
genesis in adipocytes.” 

A mechanistic link between calcium intake and adiposity 
IS supported by observations m both mice and humans. In 
mice on an obesity-promoting diet, those animals on high- 
Ca” diets compared to animals on a low-Ca” diet had lower 
[Ca”], in adipocytes,‘” and gained less weight’,” and fat pad 
mass,s”” despite no differences in food intake. In obese 
humans, basal adipocyte concentrations of [Ca”]i” and 
circulating lrr,ZS-(OH)aD3 ‘Z.-J’ are elevated. A mechanistic 
link between Ca” intake and lipolysis is supported by the 
observation that mice on the high-Ca” diets have higher 
levels of forskolin-stimulated glycerol release.‘,” Although 
FAS expression and activity are lower in adipocytes from 
mice on high-Ca” diets,‘,“’ a contribution from de nova 
l ipogenesis in the development of human obesity remains 
doubtful.” 

Implicit in the hypothesis that high Ca”’ intake promotes 
maintenance of lower body fat mass in humans by enhan- 
cing lipolysis is the assumption that high-Ca” diets promote 
greater rates of whole-body fat oxidation. In Pima Indians, a 
low rate of fat oxidation has been shown to be predictive of 
future weight gain.” To our knowledge, the association 
between CaZf intake and whole-body fat oxidation in 
humans has not been previously examined. Using data from 
subjects previously studied in our whole-room calorimeter, 
we examined the association between 24-h fat oxidation and 
(a) self-reported (habitual) Ca’+ intake, and (b) measured 
(acute) Ca”‘intakc to test the hypothesis that a higher intake 
of dietary Ca” IS associated with higher levels of fat 
oxidation. As data in humans” and animals6*” suggest that 
dairy sources of calcium exert a stronger effect than non- 
dairy sources, we also considered the effects of total and 
dairy calcium separately. To eliminate the effect of variations 
in fat oxidation during the day because of the timing of 
meals and activity, the association between Ca” intake and 
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sleeping fat oxidation was also examined. Finally, we 
examined fat oxidation during light physical activity to 
determine if fat oxidation during exercise is related to Ca*+ 
intake. 

Methods 
Subjects 
Data from heaIthy, normal-weight subjects, who previously 
completed a 24-h stay in the whole-room calorimeter, were 
used in the current analyses. Subjects were moderately active 
(3-5 h per week of exercise, as determined from self-report), 
and between 20 and 45y of age. Smokers or individuals 
reporting a history of diabetes, cardiovascular disease, or 
metabolic disorders known to affect intermediary metabo- 
lism were excluded. A health history and physical examina- 
tion was performed to confirm that there were no medical 
reasons for exclusion. Sublects provided informed written 
consent. The study protocols were approved by the Colorado 
Multiple Institutional Review Board and the Scientific 
Advisory Board of the General Clinical Research Center 
(GCRC) at the University of Colorado Health Sciences 
Center. 

All subjects had completed one 24-h stay in the whole- 
room calorimeter under similar conditions. A standardized 
walking and stepping protocol was performed each day 
between 14.20 and 16.30 to account for activity level outside 
the calorimeter. This protocol consisted of IO-min periods 
alternating between either walking or stepping and sitting 
quietly. Subjects were free to move about the calorimeter 
during other times of the day, but primarily this time was 
spent in sedentary behavior (reading, writing, or watching 
television). Subjects were instructed to remam awake and 
not to nap or perform any exercise other than that prcscnbed 
by the protocol. During each stay in the calorimeter, subjects 
consumed a diet designed to achieve energy balance, 
estimated from fat-free mass. The composition of the diet 
was 30% energy fat, 15% energy protein, and 55% energy 
carbohydrate. Subjects were permitted to select their food 
preferences (eg some subjects avoided dairy products), so 
there was a wide range of Ca” intake. 

Measurements 
Body composition. Body composition was determined by 
hydrodensitometry, with residual volume measured simulta- 
neously using the open-circuit nitrogen-dilution tech- 
nique.” Nitrogen was measured using a Med-Science 505-D 
Nitralizer (St Louis, MO, USA). Percent body fat was 
estimated from body density (average of 7-10 repeat 
measurements) using the revised equation of Brozek d al.” 

Daily (24 h) energy expenditure and substrate oxidation. 
Total daily energy expenditure (EE) and substrate oxidation 
were determined from oxygen consumption and carbon 
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dioxide production measured in a whole-room calorimeter. 
Gas concentrations were determined from the flow rate and 
the differences in COZ and Oz  concentrations between 
entering and exiting air using Hartman and Braun (Frank- 
furt, Germany) oxygen (Magnos 4 G)  and carbon dioxide 
(Uras 3 G)  analyzers. Values were corrected for temperature, 
barometric pressure, and humidity. Urine was collected for 
the duration of the calorimeter stay and analyzed for total 
nitrogen concentration, which was then used to determine 
24-b protein oxidation. XJ EE and substrate oxidation were 
calculated from oxygen consumption and the respiratory 
quotient (RQ) based on the equations of Jequier et al.” 
Values for all indices were averaged over 1 min intervals and 
recorded to a data file. The operation of the calorimeter was 
controlled and data collected minute by minute using a 
customized program operating on a personal computer. An 
advantage of the room calorimeter is that it permits the 
determmatlon of EE and substrate oxidation during different 
segments of the day (eg during sleep and the walking/ 
stepptng protocol). The accuracy and precision of the 

calorimeter is evaluated regularly by burning propane at a 
variable rate. Calibration tests consistently demonstrate a 
W-98% recovery of the predicted values for oxygen 
consumption and carbon dioxide production. Quick re- 
sponse rates (in the order of 1-2 min) are observed, allowing 
for an accurate determination of EE and substrate oxidation 
over short intervals (eg ~30min). 

Energy and macronutticnt intake. Habitual Ca” intake 
was determined from /I-day food diaries completed over four 
consecutive days that included a weekend day. Each subject 
was individually trained by a dietitian to weigh and record 
all food and beverage intakes. The diaries were completed Z- 
4 weeks before subjects were studied in the room calorimeter. 
Subjects were instructed to consume their usual diets during 
the measurement period. In the presence of the subject, the 
dietitian reviewed the completed food intake records for 
clarity and completeness. Caloric and macronutrient con- 
tents of the Q-day food were determined using Food Intake 
Analysis Software (FIX, Version 3.98, University of Texas 
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Figure 1 Relation behween 24-h fat oxidation and acute (a) and habitual (b) Ca” intake. 
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Health Sciences Center, Houston, TX, USA). Acute Ca” 
intake was determined from measured food intake during 
the calorimeter stay. Diets consumed in the calorimeter were 
developed using Diet Planner (Version 2.12, San Francisco, 
CA, USA), which provides macro- and selected micronutrient 
data, based on the gram weight of food consumed. Calcium 
Intake from dairy sources was calculated from the estimated 
intake of milk, cheese, ice cream, and yogurt. To minimize 
estimation errors, only whole-food sources of dairy Ca” were 
used in the estimation of dairy Ca”; dairy Ca” from mixed 
or prepared foods (eg lasagna) was not used. 

StntisticaI analysis. Statistical analyses were done using 
SAS (SAS Institute Inc., Cary, NC, USA, 2000). To minimize 
the effects of body weight, calcium intake is expressed 
relative to tota calories consumed (mgkcal-I), and fat 
oxtdatton relative to fat-free mass (gm kg FFM-’ min-‘). 
Unadjusted correlation coefficients between Ca” intake 

199 
and measures of fat oxidatron were determined using 
Pearson correlations. To further examine the relationship 
between Ca” ’ Intake and fat oxidation, multiple regression 
models were developed adjusted for factors known to affect 
24 h fat oxidation (fat mass, fat-free mass, energy balance, 
and acute and habitual fat intake), and partial correlations 
adjusting for these factors were used to estimate variance in 
outcomes that is explained by Ca”. Finally, to constder the 
effects of dairy vs total Ca*’ intake on fat oxidation, 
backwards stepwise multiple regression was performed using 
total (acute and habitual) and dairy (acute and habitual) Ca” 
as predictors. 

Results 
A total of 35 subjects (21 m, 14 f) were studied (mean + 
s. d., age: 31 * 6y; weight: 71.2 + 12.3 kg; BMI: 23.7 & 2.9 
kgm-‘; body fat: 21.4 i: 5.4%). Mean self-reported Ca” 
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Figure 2 R&mm between 24-h RQ and acute (a) and habitual (b) Ca” intake. 
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intake (mean + s.e.m.) was 1222 & 116 mg day-r (range, 
485-4109 mgday-‘). Self-reported dairy calcium intake was 
664 zt 94 mg day-‘, corresponding to 50.3 k 3.6% of total 
calcrum intake. During the 24 h stay in the whole-room 
calormcter, acute Ca” intake was 1046 rt 55 mgday-r 
(range, 477-1768mgday-‘). Acute dairy Ca” intake was 
640 I!: 44 mg day-‘, which was 59.5 + 1.7% of total Ca” 
intake. Self-reported Ca” intake was greater than Ca”’ intake 
measured in the calorimeter (P=O.O9), but were significantly 
correlated whether expressed in absolute (mg day-‘, r= 0.46, 
P ~0.01) or relative (mg kcal-‘, r=0.35, P=O.O4) terms. 
Neither habitual (r=0.04) nor acute (r=0.26) Ca2+ intake 
were significantly correlated with 24-h EE. 

The association between Ca” intake and 24-h fat oxida- 
tion and RQ is illustrated in Figures 1 and 2. Acute Ca” 
intake (mg kcal-‘) was positively correlated with 24-h fat 
oxidation (Figure la, r= 0.38, P=O.O3) and inversely corre- 
lated with 24-h RQ (Figure 2a, r= -0.36, P=O.O4). Acute 

dairy Ca” intake was also significantly correlated wrth 24-h 
fat oxidation (r=0.35, P=O.O4). In the adjusted multiple 
regression model, total acute Ca” (partial r= 0.33, P= 0.08) 
and acute dairy Ca” (partial r=0.31, P=O.ll) were 
positively correlated with 24-h fat oxidation. Neither 
habitual total Ca” intake (mgkcal-‘, Figures lb and 2b) 
nor habitual dairy Ca” intake (data not shown) were 
significantly related to 24-h fat oxidation or RQ. After 
adjustment, total habitual (partial r = -0.23, P = 0.22) and 
habitual dairy Ca” (partial r= -0.20, P=O.30) were not 
significant predictors of 24-h fat oxidation. 

Similar to the 24-h data, acute Ca” intake was positively 
correlated with sleeping fat oxidation (Figure 3a, T =0.36, 
P=O.O4) and inversely correlated with sleeping RQ (Figure 
45 r= -0.31, P=O.O7). Acute dairy Ca? intake was also 
significantly corrclatcd with sleeping fat oxidation (r = 0.45, 
PcO.01). After adjustment, total acute Ca” (partial r = 0.29, 
P-0.13) and acute dairy Ca” (partial r=0.38, P=O.O4) 
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Figure 3 Relation between sleeping fat oxidation and acute (a) and habitual (b) Ca2- intake. 
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Figure 4 Relation between sleeping RQ and acute (a) and habitual (b) 0” intake. 

mtakes were weakly but positively correlated with sleeping -In the backwards stepwise multiple regression models, 
fat oxidation Habitual Ca2* intake was not related to acute (P=O.O2) and habitual (PI 0.04) total Ca2’ intake 
sleeping fat oxidation (Figure 3b) or RQ (Figure 4b). After remained significant predictors of 24-h fat oxidation, 
adjustment, total habitual Ca” (partial T= -0.23, P=O.O7) whereas acute and habitual dairy Ca”’ were not. However, 
and habitual dairy Ca” (partial r= -0.31, P=O.ll) were not sleeping fat oxidation was best predicted by total habitual 
sigmficant predictors of sleeping fat oxidation. (P-0.01) and acute dairy (P<O.Ol) Ca” intake. 

Acute Ca” intake was positively correlated with walk/step 
fat oxidation (r= 0.32, P=O.O7) and inversely correlated 
wrth walk/step RQ (r= -0.25, P=O.16, Figure 5a), although 
these correlations were not significant. After adjustment, 
acute total Ca2’ (partial r= 0.25, PcO.20) and acute dairy 
Ca2’ (partial r=0.18, P=O.35) explained less than 5% of the 
variance in walk/step fat oxidatron. Habitual Ca” intake 
(Figure 5b) was not related to walk/step RQ. Similarly, 
nerther acute nor habitual dairy Ca” intake were signifi- 
cantly correlated wrth walk/step RQor fat oxidation, even in 
the adjusted regression models (data not shown). 

Discussion 
In healthy, young, non-obese humans, acute Ca” intake is 
significantly and positively related to fat oxidation measured 
using whole-room, indirect calorimetry. Thus, the findings of 
the current study are consistent with the hypothesis that high 
dietary Ca2’ diets protect against fat mass gain by promoting 
lipolysis,’ which may in turn promote increased fat oxidation. 
To our knowledge, this is the first study in humans to report 
an association between Ca2+ intake and fat oxidatron. 
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Figure 5 R&Won between RQ during the standardized walking and steppmg routine and acute (a) and habitual (b) Ca” intake. 

Intcrcstingly, habitual self-reported Ca” intake was not 
related to fat oxidation. This could be because of problems 
with self-report, or with imprecision for estimating Ca2’ 
intake from food recall methods. Self-report errors were not a 
factor in our estimate of acute Ca” intake, although 
estimating CL?+ from measured intake would still introduce 
errors. Alternatively, the significant association of fat oxida- 
tion with acute but not habitual Ca” intake may suggest 
that the effects of dietary Ca” on adipocyte metabolism 
occur rather quickly. lQ5-(OH)aD3 exerts physiological 
effects through post-nuclear transcription,” and also gen- 
erates rapid non-genomic signal transductions, including 
stimulation of [Ca’“],, via a putative vitamin D receptor 
expressed in a wide variety of cells.2’-27 Glycerol release from 
human adipocytcs is suppressed only after Zh treatment 
with lr1,25-(OH),Da. Pretreatment with a specific antagonist 
(1 P-dihydroxyvitamin D) of the putative membrane vitamin 
D receptor blocks this effect, whereas treatment with an 
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agonist (la,25-dihydroxylumisterola) specific for this recep- 
tor makes the effect more pronounced.28 Thus, it is possible 
that the association between acute Ca” intake and 24-h fat 
oxidation in the current study can be attributed to non- 
genomic effects of la,Z.S-(0H)aDs. 

Because the current study was a cross-sectional analysis, 
we were not able to determine if Ca” intake exerts a direct 
effect on fat oxidation. Indeed, it is possible that dietary Ca” 
only serves as a marker for other nutrients that directly 
modulate lipolysis and fat oxidation. Direct in vim effects of 
alterations in dietary Ca2+ on circulating levels of PTH and 
la,25-(OH)aD3, changes in intracellular Ca” concentrations, 
and the subsequent effects on lipolysis and fat oxidation 
remain to be demonstrated. 

It has been suggested that the beneficial role for dietary 
Ca*’ in weight management is markedly greater from dairy 
vs non-dairy sources of Cazc.s*17 However, in the current 
analysis, the correlations between fat oxidation and Ca” 
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intake were nearly identical whether total or dairy Ca” was 
used. Moreover, total, but not dairy, Ca” remained as 
srgnificant predtctors of 24-h fat oxidation in backwards 
stepwise regression models. However, acute dairy Ca” intake 
was a significant predictor of sleeping fat oxidation in the 
backwards models. Thus, although our data do not support 
an additive effect of dairy Ca” on fat oxidation, we cannot 
exclude the possibrlity that the effects of dairy Ca” on fat 
oxidation are only apparent at rest. 

In summary, in this cross-sectional analysis we found that 
subjects with higher intakes of dietary calcium during a 24-h 
period also had higher rates of fat oxidation during that 
period. After adjustment for factors known to affect fat 
oxidation measured with room calorimetry, Intake of this 
single micronutrient explained - 10% of the variance in fat 
oxidation between individuals. Although these results do 
not show drrectly that calcrum promotes fat oxidation, the 
findings are consistent with the hypothesis that high intakes 
of calcium are associated with lower levels of fat mass. 
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Dietary patterns and changes in body mass index and waist 
circumference in adults1-3 
PK Newby, Den,is &fuller, Judith Hallfrisch, Niag Qiao, Reubin Andres, arzd Katherine L Tucker 

ABSTRACT 
Background: Obesity has increased > 20% in the past decade in 
the United States, and more than one-half of US adults are over- 
weight or obese. 
Objective: Our objective was to further elucidate the nutritional 
etiology of changes in body mass index (BMI; in kg/m2) and waist 
circumference by dietary intake pattern. WC hypothesized that a 
healthy dietary pattern would lead to smaller changes in BMI and 
waist circumference than would other dietary patterns. 
Design: Subjects were 459 healthy men and women participating 
in the ongoing Baltimore Longitudinal Study of Aging. Diet was 
assessed with the use of 7-d dietary records, from which 41 food 
groups were created and entered into a cluster analysis. 
Results: Five dietary patterns were derived (healthy, whim bread, 
alcohol, sweets, and meat and potatoes). The mean annual change 
in EM1 was 0.30 i 0.06 for subjects in the meat-and-potatoes clus- 
ter and 0.05 * 0.06 for those in the healthy cluster (P < 0.01). The 
mean annual change in waist circumference was more than 3 times 
as great for subjects in the white-bread cluster (1.32 i: 0.29 cm) as 
for those in the healthy cluster (0.43 f 0.27 cm) (P < 0.05). 
Conclusions: Consuming a diet high in fruit, vegetables, reduced- 
fat dairy, and whole grains and low in red and processed meat, fast 
food, and soda was associated with smaller gains in BMI and waist 
circumference. Because foods are not consumed in isolation, 
dietary pattern research based on natural eating behavior may be 
useful in understanding dietary causes of obesity and in helping 
individuals trying to control their weight. Am J Clin Nutr 
2003;77:1417-25. 

KEY WORDS Dietary patterns, cluster analysis, obesity, 
body composition, diet assessment, BMI, waist circumference 

INTRODUCTION 
Obesity has increased >20% in the past decade in the United 

States (I), and more than one-half of US adults are overweight or 
obese (2). Obese adults are at increased risk of the major diseases 
that afflict Western populations, notably cardiovascular disease, 
type 2 diabetes, and certain cancers (3). Body fat distribution may 
also be a factor significantly associated with morbidity and mor- 
tality. The ratio of waist-to-hip circumfcrcncc and waist circum- 
ference alone have been associated with cardiovascular disease, 
premature death, stroke, type 2 diabetes, some cancers, and hyper- 
tension (4-10). 

Despite considerable research effort, the nutritional etiology of 
obesity remains unclear and controversial, especially with regard to 

the roles of dietary fat (3, 11) and carbohydrate (12). Inconsistent 
findings may be due in part to the traditional single-nutrient 
approach commonly used in nutritional epidemiologic research, 
which is limited by colinearity among nutrients (13) and by an 
inability to dctcct small effects from single nutrients (14). A rcccnt 
review of intervention trials found that mean weight loss was greater 
in studies in which subjects consumed a high-fiber diet compared 
witha low-liber diet than in studies in which subjects consumed a 
low-fat diet compared with a high-mat diet (ISj. However, weight 
loss was more thun 3 times as great in those stud& in which sub- 
jects consumed a combination low-fat, high-fiber diet (3.4 kg over 6 
mo) compared with a low-fat diet alone (1 .O kg over 6 mo), which 
suggesu’addittve effects of fat and fiber in weight loss (15). 

In response to the challenges of the traditional approach to 
understanding diet-disease relations, the measurement of dietary 
or eatmg patterns, in which various foods or nutrients (or both) 
are combined into a composite variable (lh), has been suggested 
as an alternative method in nutritional epidemiologic research. A 
recent review of eating patterns and body mass index (BMI; 
in kg/m*) found that patterns detined with the use of either a diet 
Index, factor, or cluster analysis were inconsistently related to 
BMI (17). All articles reviewed were cross-sectional in design. We 
are not aware of any prospective studies that have measured 
dietary patterns by using factor or cluster anaIysis in relation to 
changes in either BMI or waist circumference. 

This study was designed to use cluster analysis to examine 
prospectively the relation between dietary patterns and body com- 
position among women and men participating in the Baltimore 
Longitudinal Study of Aging (BLSA). Our objective was to further 
elucidate the nutritional etiology of changes in adiposity over time 
as measured by BMI and waist circumference by using dietary 
patterning methods-specifically, cluster analysis. Many studies 
of dietary patterns have empirically derived a “healthy” type of 
dietary pattern that is relatively high in fruit, vegetables, fiber, and 
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other “healthy” foods (1X-23). We hypothesized that a healthy 
dietary pattern would lead to smaller changes in BMI and waist 
circumference than would other dietary patterns. 

SUBJECTS AND METHODS 

Study population 

The BLSA was initiated in 1963 to study the physical, mental. 
and emotional effects of aging among healthy, active persons; the 
original study design and data collection were described in detail 
clsewhcrc (24). The initial study participants were white\mcn aged 
27-88 y who were living m the Baltimore area. The study proto- 
col was expanded m 1978 to include women and minorities. All 
subjects were volunteers who were recruited from Baltimore City 
Hospitals. Enrollment in the BLSA is open, and subjects may have 
entered the study as early as 1963 or as recently as today. Once 
enrolled, participants return approximately every 12-24 mo for 
repeated evaluation, eg, height and weight measurements, body- 
composition analysis, and dietary assessment. 

Our study population was limited to those entering the study in 
or after 1980 (n = 921) to incorporate both men and women and 
to avoid biasing our study because of changing dietary trends over 
time. Of these candidates, we excluded those aged < 30 y (n = 46) 
and > 80 y (n = 92). because persons in the former group are less 
llkcly to have developed stable dietary patterns and those in the 
latter group are more likely to be ill or to have limited dietary 
intake. All subjects gave written informed consent for their par- 
ticipation in the study, and the institutional review boards of the 
Johns Hopkins Bayview Medical Research Center and the Geron- 
tology Center approved the BLSA protocol. 

Of the remaining 783 subjects who met the year of entry and 
age range inclusion criteria for the study, those who had not com- 
pleted 24 d of’ dietary records were excluded (n = 9), as were 
those whose food group intake appeared implausible (> 6 SDS 
from the mean for each food group; II = 63). An additIona 134 
SubJects were excluded because they did not have measures of 
height or weight at the time the dietary record was collected and 
at follow-up, which meant that they could not be used in a 
prospcctivc study. Finally, to create a diseasc-free cohort, all sub- 
jects who were diagnosed with cancer, diabetes, stroke, or heart 
disease either before or at baseline were excluded (n = 190), 
which left 459 subjects available for the analysis. Of those 459 
subjects, 10 were excluded from the waist circumference analysis 
because they did not have baseline or follow-up information on 
waist circumference. 

Dietary assessment 
Dietary intake was assessed by 7-d dietary records; reports 

detailing dietary collection methods and dietary intake in the 
BLSA population were published previously (25-27). In sum- 
mary, trained dietitians instructed study participants in the proce- 
dure for completing 7-d food records. Food records were com- 
pleted at home by the participant and sent back to the study center. 
Before 1993, subjects were given Good models and a booklet of 

food pictures to help them assess portion size. From 1993 on, sub- 
jects were given a portable scale for weighing food portions. Par- 
tic~pants were contacted by telephone if there were any questions 
about their diet records. 

Dietary records from 1984-1991 were originally coded and 
entered into a nutrient database mamtained by the BLSA, whereas 

diet records completed since 1994 were coded and entered into 
the Minnesota Nutrient Database (NDS) at Tufts University, no 
dietary data wcrc collected in 1992 and 1993. Dietary data from 
1984-1991 were then reentered in the NDS, and nutrient intakes 
were back-adjusted to correct for changes in the food supply (cg, 
nutrient content due to fortification of cereals) with Ihe use of data 
from the USDA to correspond to appropriate intervais (28, 29). 

To perform a dietary pattern analysis with the use of cluster 
analysis, individual foods and food mgredlents from the dietary 
records must first be aggregated into groups. We formed 41 food 
groups, mamly according to macronutrient composition (eg, fat 
or fiber content) and culinary use; several foods (eg, pizza, eggs) 
composed their own groups (Appendix A). Where possible, foods 
were separated into full- and reduced-fat groups (eg, high-fat 
dairy and low-fat dairy). Cereals were chvided into those that were 
a good source of fiber (2 2.5 g/serving) and those that were low in 
Faber (i 2.5 g/serving) (30). 

For entry into the cluster analysis, food groups may be meas- 
ured by absolute weight in grams, the number of servings. or the 
percentage of energy intake from each food group (3 1). We chose 
to consider the food group variables m terms of the percentage of 
energy contributed by each of the 41 groups, and we calculated 
those values for each subject from the average of diet records. The 
percentage contribution from each food group for each subject 
was then entered into the cluster analysis. 

Cluster analysis requires a priori selection of the number of clus- 
ters to be used in the analysis. To decide which number of cluslers 
we would specify, WC ran 4-S cluster solutions and examined each 
solution to see which set of clusters most meanmgfully described 
distinct eatmg patterns while they also maintained adequate statis- 
tical power in each group to detect effects. From these analyses, a 5 
cluster solution was selected. With the use of the PROC FASTCLUS 
procedure in SAS software (32), the K-means method was then used 
to classify subjects into 5 nonoverlapping groups in a process that 
Iteratively compares Euclidean distances between each subject for 
each solution. 

Anthropometric and covariate assessments 

Anthropometric measurements were made by following 
standardized procedures (33) as fully described elsewhere (34). 
In summary, weight and height were measured for each subject 
at each visit, and BMT was calculated from these values. At 
each visit, waist circumference was measured with an inelastic 
tape used at the narrowest part of the torso at the end of expi- 
ration (34). 

Demographic data were collected from each study participant 
at the first visit and were used to adjust for potential confound- 
ing in regression analyses. Race-ethnicity, physical activity, 
smoking status, education, and vitamin supplement use were 
determined by questionnaire when the dietary records were col- 
lected. Physical activity was measured by an adapted version of 
the Harvard Alumni questionnaire, which asked participants 
about all daily activities (eg, activities at home. at work, and dur- 
ing recreation or sports). The amount of time spent for each 
activity was summed across all activities to determine the dally 
cncrgy output per kilogram of body weight (kJ/kg) and has been 
described previously (25. 35). 

Statistical analysis 

Sample means and frequencies were calculated separately for 
the women and the men at the baseline vlslt at which dietary data 
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TABLE I 
Characteristics of 459 adults participatma in the B&more Loneitudmai - . - 
Study of Aging 

Characteristics Women Men --_____-.--~__ 
Number of subjects [n (%)] 
Age (~1 
BMI (kg/m?) 
Overweight, BMI 25-29.99 [n (%)] 
Obese, BMI Z 30 [IT (%)] 
Waist circumference (cm) 
Length of follow-up (mo) 
Physical activity (kJflcg) 
Vnamin use, [n (%a)] 
Smoking status [n r%)] 

Never smoke1 
Current smoker 
Former smoker 

Education [n (%)] 
No high school 
High school or vocational degree 
Some college 
College degree 
Graduate degree 

Race-ethnicity [n (%)] 
White 

219 (47.7) 
57.3 f 14.0' 
24.7 lk 4.0 

68 (31.1) 
23 (10.5) 

77.2 -i: 9.4 
25.5 k 6.9 
63.6 i: 16.3 
124(56.6) 

240 (52.3) 
60.8 + 13.3 
252230 
lOZC42.53 

12 (5.0, 
90.4 i. 8.9 
25.45 7.4 
61.5 I+ 15 9 

94 (39.2) 

168 (77.1)) 
23 (10.6) 

7 (12.4) 

181 (75.4) 
22 (9.2) 
37 (15.4) 

10 (4.6) 
31 (14.2) 
32 (14.6) 
66 (30.1) 
80 (36.5) 

27 (11.3j 
16 (6.7) 
17 (7.1) 
65 (25.3) 

112 (46.6) 

206 (94.1) 
13 (5.9) . _ _ _ 

231 (96.2) 
9 (3.8) 

were collected. The percentage of subjects who were overweight 
(BMI: 25-29.99) and obese @MI: 2 30) was calculated with the 
use of recommended international cutoffs (36). 

To describe food and nutrient intake across the 5 clusters 
(dietary patterns), we calculated separately for each pattern the 
mean energy contribution from each food group, the mean nutri- 
ent intake from selected macronutrients and alcohol, and sample 
characteristic means and frequencies. We tested for differences 
across patterns by using PROC GLM software with Tukey- 
Kramer’s adjustment for multiple comparisons across groups (32). 
The mean annual changes in BMI and waist circumference were 
calculated for each dietary pattern. 

We performed 2 separate regression analyses to test whether 
dietary patterns were associated with changes in adiposity as 
measured by the annual change in BMI and the annual change in 
waist circumference, respectively. The,annual change in BMI was 
calcuIated by subtracting the BMI at visit 1 from that at visit 2, 
dividing that figure by the interval between visits (no. of mo), and 
then multiplying by 12 (representing mo). The annual change in 
waist circumference was calculated with the use of the same algo- 
rithm. We tested the a priori hypotheses that the healthy dietary 
pattern would be associated with smaller changes in BMI and 
waist circumference than would other dietary patterns in models 
adjusted for baseline anthropometry (baseline BMI and baseline 
waist circumference, respectively), age, sex, and sociodemo- 
graphic covariates. Because total energy intake is the mechanism 
through which nutrients and foods may affect BMI, it 1s arguable 
whether energy should be included in the model. We fitted a final 
model for each analysis in which we added total energy to the 
multivariate model to ascertain whether adjustment for baseline 
energy changed our estimates. We also added terms to adjust 
for development of disease (stroke, cancer, diabetes, and heart 
disease) during the follow-up period. Because age may not be 

linearly related to BMI, we fitted regression models by using quad- 
ratic terms for age. We checked for effect modification by creating 
interaction terms for age and dietary pattern, sex and dietary pat- 
tern, and age and sex, and we then tebted the interaction terms in 
the final models to see if the model fit Improved. All analyses were 
performed with SAS for WINDOWS software, version 8.2 (32). 

RESULTS 
Sample characteristics at baseline are shown m Table 1. Most 

of the subjects were while. Fifty-two percent of the study partic- 
ipants were men, aged 60.8 y on average: the mean age of the 
women was 57 3 y. More of the men (32S%j than of the women 
(31.1%) were overweIght at baselme, whereas twice as many of- 
the women (10.5%) than of the men (5.0%) were obese. The men 
had a greater mean willst circumference (90.4 cm) than did the 
women (77.2 cm). 

Five clusters were derived, which we labeled healthy, white 
bread, alcohol, sweets, and meat and potatoes, on the basis of the 
food that contributed relatively greater proportions of energy to 
each cluster. The energy contributions from selected food groups 
for the 5 clusters (dietary patterns) are shown in Table 2. Differ- 
ences in energy intake from food groups were seen across pat- 
terns. Energy intakes in the white-bread. alcohol, and sweets pat- 
terns were greatest from these respective food sources. The 
healthy pattern contained relatively greater contributions ftom 
“healthy” foods, including fruit, high-fiber cereal, and reduced- 
fat dairy, and rclativcly smaller contributions from fast food, 
nondiet soda. and salty snacks. 

A significantly higher percentage of energy from carbohydrate 
(61.9 + 1.5%; P < 0.0001) and abigher intake of fiber (26.6 f 1.1 g; 
P < 0.001) was seen in the healthy pattern than in all other clus- 
ters (Table 3); no significant differences were seen in protein 
or total energy intake across patterns. The alcohol pattern con- 
tained the highest percentage of current smokers (29.3%, P < O.Ol), 
and 62.2% of subjects in the healthy pattern used vitamins com- 
pared with 39.0% of subjects in the meat-and-potatoes pattern 
and 37.6% of subjects in the sweets pattern (P < 0.001). Sub- 
jects in the healthy pattern had the smallest waiSt circumference 
(P < 0.05) at baseline, but there were no significant differences in 
baseline BMI (P > 0.05). 

Regression results associating change in BMI and change in 
waist circumference for all clusters compared with the healthy pat- 
tern are shown in Table 4. There was a significantly greater annual 
increase in BMI among subjects in the meat-and-potatoes pattern 
(p = 0.25; 95% CI: 0.07, 0.43: P < 0.05) and in waist circumfer- 
ence among subjects in the white-bread pattern (p = 0.90 cm; 95% 
CI: 0.12, 1.68; P < 0.05) than among subJects in the healthy clus- 
ter. The annual change in waist circumference for subjects in the 
meat-and-potatoes pattern was 0.75 cm, which was nearly signi- 
ficant (95% CI: -0.03, 1.53; P <: 0.10) compared with changes 
among subjects in the healthy pattern. Estimates were similar 
when total energy was included in the model and when models 
were adjusted for development of disease during the follow-up 
period. Including quadratic terms for age in the model did not 
improve model fit. Because no significant interaction was 
observed between age and dietary pattern, sex and dietary pattern, 
or age and sex, these interaction terms were removed from the 
final model. For all study participants, the overall annual rate of 
change in BMI was 0.11, and the overall annual mte of change in 
waist circumference was 0.84 cm (data not shown). 
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TABLE 2 
Percentage energy contribution from selected food groups across the 5 dtetary patterns rdenufied at basebne among 459 adults partictpatmg in the 
Baltimore Longnudmal Study of Aging’ 

Energy contribution’ 

Food or food group 

White bread or refined grams 
Nonwlnte bread 
whole grams 
Low-liber cereal 
High-fiber cereal 
Rice or pasta 
Beans and leaumes 
Potatoes 
Fruit 
Vegetables 
Salty snacks 
High-fat baked goods 
High-fat dairy desserts 
Nuts and seeds 
Poultry 
Meat 
Processed meat 
Seafood 
Fast food 
Pizza 
Alcohol 
Non&et soda 
High-fat dary 
Reduced-fat dairy 

Cluster I : 
healthy pattern 

(n = 98) 

Cluster 2 
whtte-bread pattern 

(n = 79) 

-_ 
Cluster 3: 

alcohol pattern 
(n = 60) 

Cluster 4: Cluster 5: 
sweets pattern meat-and-potatoes pattern 

(n = 140) (n = 82) 

3.2 + 3.1 
4.5 k 3.6 
1.1 dz2.0 
0.6 + 1.1 
7.0 + 5.5 
3.9 f. 4.0 
1.3 f 1,s 
2.2 + 1.8 
9.9 * 4.5 
3 5 + 2.0 
0.8 f 1.7 
4.7 rt 3.6 
2.1 + 2.5 
2.7 f 3.2 
4.2 + 3.x 
4.1 ?r 3.5 
1.2 fc 1.4 
3.9 2 3.4 
1.2zb2.4 
1.0 + 2.6 
1.8 + 2.7 
0.9 i 2.1 
4.3 * 3.7 
7.8 + 5.0 

15 8 + 4.8 
1.7 ir 1.9 
0.3 + 0.6 
08fl.S 
3.0 5 2.9 
3.7 dc 3.1 
0.9 2 1.4 
2.1-k 1.9 
4.5 * 3 4 
2.6 + 1 4 
1.6 + 2.2 
5.2 + 3 9 
3.0 * 2 9 
2.0 + 2 7 
5 2 * 4.4 
64&42 
2.6 i: 2 9 
2.6 i: 2 4 
I 8 k 2.7 
1.2 ST 2.5 
2.7 + 2.7 
1.3 ?c 2.0 
7.3 2 4.5 
2.0 + 2.9 

6.3 k 3 6 
2.5 + 2.1 
0.4 rt 0.9 
0.9 f 1.4 
2.9 i. 3.1 
4.0 + 3.4 
0.8 + 1.2 
2.1 + 1.8 
4.1 * 2.5 
3.0 i 1.7 
2.1 f 2.6 
4.0 c 4.1 
I .5 f 2.1 
1.8 + 2.6 
44+37 
7 3 * 4.9 
30&30 
3.6 2 3.0 
15t75 
1.1 ?23 

14.8 i- 5.6 
12i17 
7.3 + 4.2 
1.5 t 1.7 

7.1 t 3.2 
3 5 + 3.3 
0.5 27 1.3 
0.7 ? 1.2 
3.3 27 3.4 
2.9 + 2.6 
0.8 ?r 1.3 
2.8 + 2.2 
5.1 i 3.2 
2.8 i 1.4 
1.3t22 

11.2t49 
3.6 + 3 6 
2.2 f 2 8 
2.7 + 2.8 
6 6 2 4.0 
3 2 k 3.0 
2.3 k 2.5 
1.9 2 2.6 
1.4k3.1 
2.2 * 2 8 
1.6 t 2.5 

10.1 + 6.1 
2.3 + 2.9 

5.3 F 2.9 
4.2 F 3.4 
0.6 * 1.2 
0.4 i. 0.9 
2.5 zk 3.0 
3 3 * 3.3 
1.0 f 1.3 
3.2 + 2.3 
5.1 ir 3.6 
3.3 + 1.x 
1.9 +2.x 
3.4 k 2.6 
2.8 t 3 7 
36?43 
4.x t 3.5 
x.0 t 5 0 
3.7 2 3.6 
3.x t 3.7 
2.7 2 3 7 
1.5t30 
30529 
1 8 i- 2.8 
6.3 i 3.9 
1 7 + 1.8 . _ . 

‘2 i SD. 
aEnergy contrtbutton from selected foods or food groups in each cluster does not total 100% for each column because energy contributton is not 

presented for all 41 food groups. Data are not shown for the following food groups: chocolate, chowders, nonchowder soups. eggs, fruit jmces, low- 
fat dairy desserts, margarme, miscellaneous fats, miscellaneous sugars, miscellaneous foods, frutt drmks, starchy vegetables, liver and organ meats, 
low-fat baked goods, meal replacements, and seasonmgs. 

The mean annual change in EM1 was 0.30 + 0.06 for subjects 16 621 women participating in the National Health Screening Ser- 
in the meat-and-potatoes pattern and 0.05 + 0.06 for those in the vice in Oslo, Jacobsen and Thelle (41) found that high BMI was 
healthy pattern (P < 0.01) (Figure 1). The mean annual change in most strongly associated with lower consumption of low-fat milk 
waist circumference among subjects in the white-bread pattern and higher consumption of fish, and they concluded that this pat- 
(1.32 ? 0.29 cm) was more than 3 times that among subjects in tern may have resulted from the subjects‘ attempts to lose weight. 
the healthy pattcm (0.43 k 0.27 cm; P i 0.05) (Figure 2). rather than reflecting the reason for weight gain. 

DISCUSSION 
We derived 5 nonoverlapping dietary patterns by using cluster 

analysts, and the smallest gains in BMI and waist circumference 
were seen for subjects consuming a healthy diet. Our healthy dietary 
pattern IS similar to the Dietary Approaches to Stop Hypertension 
diet, which has been shown to decrease blood pressure (37). We are 
not aware of any studies that have examined the relation between 
the Dietary Approaches to Stop Hypertension diet and changes m 
BMI or body composition or both. The overall annual rate of change 
in BMI that we observed in this study (0.1 I) is similar to that 
reported For control subjects in the Normative Aging Study with a 
similar baseline BMI (0.09; 38) and to that in a study among rcp- 
resentative Canadians (0.11 for women and 0.09 for men; 39). 

Our findings were strengthened by the prospective study 
design. Most studies of dietary patterns and weight have 
employed a cross-sectional design (18, 19, 40), and such studies 
are susceptible to reverse causation. In a cross-sectional study of 

Our study used patterning methods to assess duet, an approach 
that has only recently been used in observational obesity research. 
A recent review on the topic considered 30 cross-sectional studies 
that observed the relation between diet patterns defined by diet 
index, factor, or cluster analysts and BMI (17). The results were 
inconclusive, possibly because ofvarrabtlity m  dietary assessment 
methods (tncluding food-frequency questionnaires, diet dtaries, 
single 24-h diet recalls) and inadequate control of confounding 
factors. However, there was limtted cvidcnce suggesting that a diet 
hrgh rn frmt and vegetables and low in meat and fat was associ- 
ated with a lower BMI (17), as also seen in the present study. We 
assessed dtet with the use of 7-d diet diartes. which are considered 
the gold standard of dietary assessment, and we were able to adjust 
for age, sex, physical activity, education, and smoking in our mod- 
els. We were not able, however, to adjust for the role of genetics, 
which may modtfy the relation between diet and adiposity (42). 

We know of no prospective studies that have considered the rela- 
tion between empirically derived dietary patterns and body fat dis- 
tribution. In 2 cross-sectional studies, persons with type 1 diabetes 
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TABLE 3 
Daily nutrient intakes and sample characteristics across the 5 dietary patterns identified at baseline among 459 adults pnrticipatmg m  the Baltimore 
Longitudinal Study of Aging’ 

Nutrient or sample charactelxtic 

Cluster 5: 
Cluster 1: Clustc1 2: Cluster 3. Cluster 4: meat-and-potatoes 

healthy pattern white-bread pattern alcohol pattern sweets pattern pattern 
(n = 98) (n = 79) (n = 60) (II = 140) (n = 82) P 

Nutrient 
Energy (kJ)z 
Carbohydrate (% of energy)j 
Protem (% of energy)” 
Fat (% of energy)” 
Saturated fat (% of energy)# 
Rber (g)4 
sucrose (g)” 
Starch (g)4 
Alcohol (~0)~ 

Sample characteristx 
Age (Y) 
BMI (kg/m’)j 
Wust circumference (cm)’ 
Phywal activity (kJ/kg)3 
Length of follow-up (mo) 
Female [n (%)I 
White [/l (S)] 
VItnmin user [n (%)] 

Smokmg status [fl (S)] 
Current smoker 
Never smoker 
Former smoker 

Education [n (%)] 
No high school 
High school or vocational degree 
Some college 
College degree 
Graduate degree 

8272 i 204.6 
51.8rf:2+t 
169f 1.0 
32.1 + 2.3”” 

9 5 + 0.9”,11 
20.4 !I 1.2” 
38.8 iz 2Pb 
83.3 I2.P.b 

7.6 I l.ld 

- 
< 0.000 1 

- 
c 0.001 
<O.Ol 
<O.OOl 
<O.OOl 
<O.OOl 
<O.OOl 

63 4 i 1 4” 
24:1 i 0:4 

56.1 _+ 1.5” 
25.4 fm 0.4 

81.6+0.9” 85.0 + l.O’b 
61.9 5 1.7 62.3 t 1.7 
25.0 + 0.7 25.4 + 0.8 
57 (58.2) h 34 (43 op 
91 (92.9) 77 (97.5) 
61 (62.2)’ 38 (48.1p 

58.2 k 1.8”~” 
25.2 F 0.5 
85.6 Lk 1.1,’ 
62.3 i 2.1 
25.1 i 0.9 
20 (33.3)” 
59 (98.3) 
34 (56.7yb 

58.8 + l.l”,h 
25.1 k 0.3 
84.5 2 0.7”,b 
63.2 k 1.3 
25.6 k 0.6 
62 (44.0)“b 

136 (96.5 j 
53 (37.6)b 

58.3 i 1.5”~” 
25.0 i. 0.4 
84.5 i 1 .O.‘.b 
61.5 2 1.7 
26.0 iz 0.8 
46 (56.1)“” 
75 (91.5) 
32 (39 oy 

<O.Ol 
- 

c 0.05 
- 
- 

< 0 OS 
- 

< 0.001 

4 (4.1 )b 
81 (82.6)” 
13 (13.3) 

8 (10 1p 
60 (76:O)” 
11 (13.9) 

14 (29.3) 
33 (5S.O)h 
13 (21.7) 

I1 (7&b 
111 (78.7)” 

19 (135j 

s (9.8)h 
65 (80.3) 

s (9.9) 

10.01 
<O.Ol 

- 

5 (5.1) 
7 (7.2) 

12 (12.2) 
26 (26.5) 
48 (49.0) 

40 1) 
10 (12.7) 
7 (8.9) 

23 (29 0) 
35 (44.3) 

5 (8.3) 
5 (8.3) 
6 (10.0) 

20 (33.4) 
24 140 0) 

11 (7 8) 
16 (11.4) 
13 19.3‘1 
39 (27.9) 
61 (43.6) 

12 (14.6) 
9 (109) 

1 I (13.5) 
26 (31.7) 
24 (29 3) 

- 
- 
- 
- 

‘Values in the same row with different superscript letters are &nificnntly dlff’erent, P < 0.05 (Tukcy-Kramer’s adlustment for multiple comparisons). - _ 
‘Adjusted for age and sex. 
‘Y + SD. 
4Adjusted for age, sex, and total cncrgy intake, 

so79 c 189.5? 
(ii.9 + 1.5b 
16.6 + 0.G 
24.8 k 1.4a 

7.6 i: 0.6” 
26.6 k 1.1” 
44.0 * 1.9” 
94.8 c 2.7” 

4.5 F 1.0” 

5150 Ii 208.5 
53.6i2.1” 
14.6 t 0.9 
31.4+2.0”” 

9.8 i. O.tYh 
18.1 i: I.2 
42 8 ?r 2. I” 

102.5 c!z 2.9a 
6.0 + 1.1” 

8096 i: 239 7 
4x.0 k 2.9” 
16.3 F 1.2 
24.4 i: ‘ZPh 

9.oIt 1.1”” 
18.1 r 1.4a 
31.2~&2.4~ 
81.053.3b 
35.9 zk 1.3” 

S749 ir 155.6 
53.1 i: 1.7” 
152+07 
33.5 ?r 1.7h 
1 I 6 2 0.7h 
21.7 * 0.9’ 
53.3 + 1 6’ 
94.3 -c 2.2” 

5.3 + 0.8” 

(n = 2868) who consumed a diet high in carbohydrates, cereal 
fiber, and low-glycemic-index foods had a significantly smaller 
waist circumference and BMI (43), and healthy adults (I? = 21 IO) 
participating in the original and offspring US Framingham Heart 
Study and European SENECA studies who were in the meat and 
fat cluster had a larger waist circumference and BMI than did 
those who were in the fish and grain cluster. A recent crossover 
study among I 1 healthy men who consumed a high-glycemic-index 
diet and a low-glycemic-index diet for 5 wk each found that the 
low-glycemic-index diet led to a decrease in trunk mass and an 
increase in lean body mass with no change in body weight (44). 
The authors suggest several possible mechanisms, including shifts 
in substrate utilization, decreases in the proteolytic counterregu- 
latory hormones, and a reduction in lipoprotein lipase activity, 
which could explain the change in fat mass but not body weight 
(44). In our study, those in the white-bread pattern had signifi- 
cantly greater gains in waist circumference, but not in BMI, than 
did those in the healthy pattern. These studies and ours suggest 
that a diet high in fiber-rich, low-glycemic-index foods may result 
in lesser amounts of central adiposity. 

Our study has several limitations. Dietary exposure measure- 
ments that use empirical methods such as cluster or factor analysis 

are data-driven and involve subjective decisions by investiga- 
tors, and there is no gold standard for determining the number 
of clusters (17). Patterns may tbercforc be difficult to reproduce 
and compare across studies, especially between populations in 
whom diet differs. However, there does seem to be homogene- 
ity of dietary patterns across populations. With the use of clus- 

ter or factor analysis, several studies have identified healthy and 
meat-based patterns (18-23, 45-49, a white-bread pattern (13, 
50-X). a sweets pattern (18,22, 50, 52-55), and an alcohol pat- 
tern (18, 22, 23, 48. 51, 53, 54, 56) m  which food intakes were 
similar to those of the same-named patterns observed m tlus 
study. The consistency of patterns across stuqlies derived from 
either cluster or factor analysis suggests that dietary patterns are 
reasonably reproducible. 

A limitation of the dietary pattern approach is the inability to 
isolate nutrient-specific biologic effects, because dietary patterns 
include many foods and nutrients that act differently to affect 
hunger, satiety, energy metabolism, and food intake. In our study, 
subjects consuming the healthy dietary pattern had the highest 
intake of foods such as high-fiber cereal, reduced-fat dairy, fruit, 
nonwhite bread. whole grains, beans and legumes, and vegetables 
and the smallest gains in BMI and waist circumference. Several 
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TABLE 4 
RegressIon coefficients (p) and SE for dietary patterns for predxting 
relatwe chongc in BMI and change m  wast cmxmference, comparmg 
each pattern with the healthy pattern, among adults parrtxlpating in the 
Baltimore Longltudmal Study of Agmg’ 

Lketary pattern _ _ _ 
Cluster 2: wlute bread 

Adjusted for age and sex 
Multivanate model, adjusted’ 
Multivariate model, adjusted + energy 

Cluster 3 alcohol 
Adjusted for age and sex 
Multlvanate model, adjusted> 
Mulhvanate model. adjusted + energy 

Cluster 4: sweets 
Adjusted for age and sex 
Multwanate model, adjustedS 
Multivarlate model, adjusted + enetg7 

Cluster 5: meat and potatoes 
Adjusted for age and sex 
Multwmate model, adjusted5 
Multwanatc model, adjusted + energy 

Change 
m  BMI? 

(n = 4.59) 

B 

0 06 0.09 
0.05 0 08 
0.0s 0 09 

0.07 0.09 
0 06 0.10 
006 0.10 

0.01 
0.02 
0.04 

0.23 0.094 
0.25 0.09” 
0.26 0.09’ 

SE . . 

0.09 
0.08 
0.08 

Change 
m  waist 

wcumference 
(cmY 

(n = 449) __----- 
P  SE 

0.84 0.404 
0 90 0.40” 
0.90 0.404 

0.56 0.43 
0.72 0.44 
0 72 0.44 

0.03 0.35 
0.10 0.36 
0.17 0.36 

0.68 I).396 
0.7 1 0.39* 
0.74 0.40” 

‘Absolute mean changes in BMI and waist cn-cumference are given m  
Figures 1 and 2, respectively. 

L Adjusted for baseline BMI. 
‘Adjusted for baselme wust circumference. 
“P<O.O5 
SMultwriate models are further adjusted for ethnicity, phyxai activ- 

ity. smokmg statub. education, and vitamin supplemenl use. 
OP < 0. IO. 

mechanisms may be responsible for this effect. These foods are 
high in fiber. which may affect weight by increasing satiety and 
satiation through decreased gastric emptying, increased colonic 
transit, and decreased insulin response (57). This hypothesis with 
regard to the role of fiber may bc extended to the role of the 

FIGURE 1. Mean (+SE) annual change m  BMI across the 5 dietary pat- 
terns Identified at basehne among adults participating in the Baltimore Lon- 
gmidmal Study of Aging. Healthy pattern, rr = 98; white-bread pattern, 
n = 79; alcohol pattern, n = 60; sweets pattern, II = 140; meat-and-potatoes 
pattern, n = 52. “Significantly different from the healthy pattern, P  < 0.05. 

FIGURE 2. Mean (+SE) annual change m  wust circumference across 
the 5 dietary patlerns ldentliied at basehne among adults partvxpatmg in 
the Baltimore Longltudmal Study of Aging Healthy pattern, n = 98. 
whlte-bread pattern. n = 79, alcohol pattern, n = 60; sweets pattern. 
n = 140, meat-and-potatoes pattern, n = X2. ‘Slgnlficautly different from 
the healthy pattern, P  < 0.05. 

glycemic index (58). Many of the foods m the healthy pattern are 
low in glycemic load, which evokes a decreased insulm response 
and therefore decreases hunger and energy intake (59). The 
healthy dietary pattern also contained foods that are low in energy 
density (eg, fruit and vegetables), which mny be responsible for 
mediating energy Intake rather than dietary composition per SC 
(60-62). Compared with subjects in the healthy pattern, those in 
the meat-and-potatoes pattern had relatively higher intakes of 
meat, potatoes, fast food, pizza, and nondiet soda-foods that are 
low in fiber and high in energy density and glycemic load- 
whereas those in the white-bread pattern received almost 16% of 
their daily energy intake from white bread-the food with the 
highest glycemic index value (63). 

This study cannot conclude whether one of these mechanisms or 
another, as yet unknown mechanism was responsible for the gains in 
BMI and waist circumference, but it is likely, rather, that there are 
multiple pathways through which food intake, including both dietary 
composition and total food volume, affects energy balance. Because 
foods are consumed not in isolahon but as part of an overall dietary 
pattern, research based on natural eating behavior may bc useful in 
understanding the effect of diet on weight. Such research is also 
more easily translated to specific dietary recommendations or advice 
(3 I), which could be helpful to persons trying to control their weight. 

Our study chd not address social or demographic issues that 
may affect dietary intake. There may be sex differences in dietary 
intake (13, 51, 64), and dietary patterns may also have different 
effects on BMT in men and women (53, 65). In our study, prclim- 
inary analysis revealed similar patterns in the men and the women, 
and we therefore did not stratify our analysis by sex. In addition, 
this study population was mamly white and highly educated, 
whereas dietary patterns may differ among ethnic (13) and edu- 
cational (19) groups. Our population was also relatively lean (5% 
of the women and 10% of the men were obese) compared with a 
nationally representative sample of US adults, of whom 3 1% were 
obese (66). For these reasons, our findings may not be general- 
izeable to the overall US population. 

In conclusion, our results suggest that consuming a duet 
high in fruit, vegetables, reduced-fat dairy, and whole grains 
and low in red and processed meat, fast food, and soda was 
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associated with smaller gains in BMI and waist circumference. 
Additional prospective research studies are needed to further 
BSSCSS the relations among dietary patterns, body weight, and cen- 
tral fat deposition. El 

and body mass Index in observational studies. Inc J Obes Relat Mecab 
Disord 2001,25:1741-51 

18. 

We grdCeFuuily acknowledge Peter Bakun and Janice Maras f’or nsscstance 
with data processing and preparation of dietary variables. 

RA and JH contributed to the original design and CO data collection for 
the Baltimore Longitudinal Study of Aging. PKN was responsible for the 
design and analysis for thus report and drafted the manuscript. NQ provided 
statistical programmmg support KT contributed to the analysts and design 
and oversaw Tufts’ collahoratiocc with the BLSA. All authors made criocal 
comments during the preparation of the manuscript, and they fully accept 
responsibthcy for the work. None of the authors had a personal or profes- 
sional contlicc of interest. 

19. 

20. 

Haveman-Nies A. Tucker KL, de Grooc LC, Wilson PW, van Scaveren WA. 
Evaluation of dcztary quality in rclacionshcp co nutritional and lifestyle 
factors m elderly people of the US Fcammgham Heart Study and chc 
European SENECA study Em J Clm Nub 2001;55:870-80. 
Pryer JA, Nichols R, Ellcott P, Thakrar B, Brunner E, Marmot M. 
Dietary patterns among a nattonal random sample of British adults. J 
Epcdemcol Community Health 2001.55.29-37. 
Pryer JA, Cook A, Shetty P. Identificatcon of groups who report sim- 
ilar patterns of diet among a representatcve national sample of Brctish 
adults aged 65 years of age or more Public Health Nutr 2001;4: 
781-95. 

21. 

REFERENCES 22. 
I. Bar-Or 0, Foreyt J, Bouchard C, et al. Physccal aotcvcty, gonetcc, and 

nutrctconal consideratcons in childhood weight management, Med See 
Sports Exert 1998;30:2-10. 

Mullen BE. Quntromoni PA, Gagnon DR, Cupples LA, Franz MM, 
D’Agostino RB. Dietary patterns of men and women suggest targets 
for health promotion: the Framingham Nutrition Studies. Am J Health 
Promot 1996;11.42-52;dcscusscon 52-3. 
Huijbregts PP, Feskens EJ, Kromhout D. Dcetary patterns and car- 
diovascular rusk factors in elderly men: the Zutphen Elderly Study. 
Int J Epcdemiol 1995;24:313-20. 

23. 
2. Must A, Spadsno J, Coakley EH, Field AE, Cold& G, Dcetz WH. The 

disease burden assoctated wcth overweight and obesity. JAMA 1999; 
282.1523-9. 

3 Willett WC. Is dietary fat a mqor determinant of body fat?Am J Clm 
Nutr 1998;671suppl):556-62s. 

Tucker KL, Dallal GE, Rush D. Dietary patterns of elderly Boston- 
area restdents defined by cluster analysis. J Am Diet Assoc 1992;92: 
1487-91. 

4. BJorntorp P. The associations between obesity, adipose tissue distrc- 
button and disease. Acta Med Stand Suppl 1988;723: 121-34. 

5. Folsom AR, Prineas RJ, Kaye SA, Munger RG. Incidence of hyper- 
tension and stroke in mlatcon to body fat dcscrcbution and other rcsk 
factors cn older women. Stroke 1990;21:701-6 

6. Rexrode KM, Burmg JE, Manson JE. Abdominal and total adcposcty 
and rusk of coronary heart disease in men. Int J Obes Rclat Metab 
Disord 2001;25:1047-56. 

7. Walker SP, Rimm EB, Aschecio A, Kawachi I, Stampfer MJ, WillectWC. 
Body scze and fat dcstribution as predictors of stroke among US men. 
Am J Epidcmiol 1996; 144:1143-50. 

8. Welin L, Svardsudd K, Wilhelmsen L, Larsson B, Tibblin G. Analy- 
sts of risk factors for stroke ccc a cohort of men born ccc 1913. N Engl 
J Med 1987;3 17:52 l-6. 

9. Larsson B, Svardsudd K, Welin L, Wilhelmsen L, Bjomtorp P, Tibblin G. 
Abdominal adipose tissue distribution, obesity, and risk of cardco- 
vascular drsease and death: 13 year follow up of participants in the 
study of men born cn 1913. Br Med J (Clin Res Ed) 1984;288: 1301-4. 

10. Lnkka HM, Lakka TA, Tuomilehto J, Salonen JT. Abdominal obescty 
IS associated with increased risk of acute coronary events in men. Em 
Heart J 2002;23:706-13. 

24. 

25. 

26. 

21. 

28. 

Shock N. Greulich R, Andrcs R, et al. Normal human aging: the Bal- 
timore Longitudinal Study of Aging. National lnstctutes of Health. 
Washington, DC. Government Printing Office, 1954 
McGandy R, l3arrows C, Spancas A, Meredith A, Stone J. Norris A. 
Nutrcent mtakes and energy expenditure ccc men of dcfferent ages. 1 
Geroncol 1966:21:581-7. 
Elahc VK, Elahc D, Andres R, Tobcn JD, Butler MG, Norrcs AH. A 
longccudmal study of nutritional mtake ccc men J Gzrontol 1983;33: 
162-80. 
Hallfrisch J, Muller D, Drinkwater D, Tobcn J, Andres R Contmumg 
duet trends in men’ the Baltimore Longitudinal Study of Agmg 
(1961-1987). J Gerontol 1990;45,Mt86-91. 
US Department of Agriculture. Nutrient database for standard refer- 
ence, releases 10 and Ii Washington. DC: Government Printing 
Office, 1993. 

29. Watt B. Merrill A. Compositcon of foods-raw, processed, prepared. 
Washington, DC: US Department of Agriculture, 1963. 

30. Center for Food Safety and Applied Nutrition, US Food and Drug 
Administratcon. A food labeling guide, version of September 1994. 
Internet: htcp://www.cFsan.fda.gov/%7Edms/flg-6b.html (accessed 30 
January 2002). 

11. Bray GA, Popkin BM. Dietary fat intake does affect obesity! Am J 
Clin Nutr 1998,68: 1157-73. 

31. Schwerin HS, Stanton JL, Smith JL, Riley AM Jr, Brett BE. Food, 
eating habcts, and health: a further examination of the relationship 
between food eatmg patterns and nutrctconal health. Am J Clin Nutr 
1982;35:1319-25. 

12. Golay A, Allaz AF, MorelY, deTonnac N, Tankova S, Reaven G. Sim- 
ilar wecght loss with low- or high-carbohydrate diets. Am J Clin Nutr 
1996;63: 174-8. 

13. Wirfalt AK, Jeffery RW. Usmg cluster analysis to examine dietary 
patterns: nutrient intakes, gender, and weight status differ across food 
pattern clusters. J Am Diet Assoc 1997;97:272-9. 

14. Sacks F, Obarzanek E, Windhauser M, et al. Rationale and design of 
the Dcetnry Approaches to Stop Hyptertenscon trial (DASH) A mul- 
tccenter controlled-feeding study of dcetary patterns co lower blood 
pressure. Ann Epcdemiol 1994:s: 108-18. 

15. Roberts SB, MeCrory MA, Salczman E. The intluence of dietary com- 
position on energy mcake and body weight. J Am Co11 Nutr 2002;21: 
140.9-5s. 

32. SAS for Windows, version 8.2. Gary, NC: SAS Institute lnc, 1999. 
33. Lohman TG, Roche AF, Martorell R. Anthropornecric standardization 

reference manual. Champaign, IL: Human Kinetics Books, 1988. 
34. Shimokata H, Tobm JD, Muller DC, Elahc D. Coon PJ, Andres R 

Studies cn the distributcon of body fat: I. Effects of age, sex, and obe- 
sty. J Gerontol l989;44.M66-73 

16. Schwenn HS, Stanton JL, Riley AM Jr, et al. Food eatcng patterns 
and health: a reexamination of the Ten-State and HANES I surveys. 
Am J Clin Nucr 1981;34.568-80. 

35. Shin~oknCa H, Muiler D. Fleg J, Sorkcn J, Zcemba A. Andres R Age as 
independent determcnant of glucose tolerance Diabetes 1991.40:44-5 I, 

36. James PT, Leach R, Kalamara E, Shayeghc M. The worldwide obesity 
eptdcmic. Obcs Rcs 2001,9,22YS-33s. 

37. Appel LJ. Moore TJ, Obarzanek E, et al. A clinical trcal of the effects 
of dietary patterns on blood pressure. DASH Collaboratcve Research 
Croup. N Engl J Med 1997;336: 1117-24. 

38. LitonJua AA, Sparrow D, Celedon JC, DeMolIes D, Wecss ST. Asso- 
ciation of body mass index with the development ofmethacholme air- 
way hyperresponsiveness in men: the Normative Aging Study. Tho- 
rax 2002;57:581-5. 

17. Togo P, Osler M, Sorensen TI, Hectmann BL. Food intake patterns 39. Chen Y, Dales R, Tang M, Krewski D. Obesity may increase the 



1424 NEWB Y ET AL 

40 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

50 

51. 

52. 

mcldence of asthma m  women but not in men: longitudinal observa- 
tions from the Canadian Nattonal Population Health Surveys A m  J 
Epidemiol 2002:155:191-7. 
Masknrmec G, Novotny R, Tasaki K. Dietary patterns are associated 
with body mass Index m  multiethnic women. J Nutr 2000;130: 
3068-72. 
Jacobsen BK, Thelle DS. The Tromso Heart Study. the relationship 
between food habits and the body mass index J Chronic DIS 19X7;40. 
795-800. 
Heitmann BL, Lissner L, Sorensen TI, Bengtsson C. Dtetary fat 
mtake and wetght gam m  women genetically predtsposed for obesity. 
A m  J Clin Nutr 1995,61.1213-7. 
Toeller M, Buyken AE, Hertkamp G, Cathelineau G, Ferriss B, 
Michel G. Nuntent Intakes as predictors of body weight in European 
people with type I diabctcs. Int J Obes Relat Metab Dtsord 2001;25 
1815-22 
Bouche C, RiLkalla SW, Luo J, et al. Five-week, low-glycemtc mdex 
dtat decreases total fat mass and improves plasma lipid profile m  mod- 
erately overweight nondiabetic men. Diabetes Care 2002;25.822-8. 
Fung TT, Runm BB, Spiegelman D, et al. Associatton between dietary 
patterns and plasma biomarkers of obesity and cardiovascular disease 
rusk. A m  J Clin Nutr 2001;73.61-7. 
Osler M, Heitmann BL, Gerdcs LU, Jorgensen LM, Schroll M. 
Dietary patterns and mortality in Dantsh men and women: a prospec- 
tive observational study. Br J Nutr 2001;85:219-25 
Hu FB, Rnnm EB, Stampfer MJ, Ascheno A, Spiegelman D, Willett WC. 
Prospective study of maJor dietary patterns and risk of coronary heart 
disease m  men. A m  J Clm Nutr 2000:72:912-21. 
Slattery ML, Edwards SL, Boucher KM, Anderson K, Caan BJ. 
Lifestyle and colon cancer: an assessment of factors assoctated with 
risk. A m  J Epidemtol 1999;150:869-77 
Nolan CC, Gray-Donald K, Shatenstem B, O’Loughlm J. Dietary 
patterns leading to high fat intake. Can J Public Health 199S;S6. 
359-91. 
Wirfalt E, Mattisson I, Gullberg B, Berglund G. Food patterns delined 
by cluster analysis and their utility as dietary exposure variables. a 
report from the Mnlmo Diet and Cancer Study. Public Health Nutr 
2000;3,159-73. 
Boeing H, Kletne U, Hendrichs A, Oltersdorf IJ. Bodenstedt A. 
Strategies for analysmg nutritional data for eprdemiologtcal pur- 
poses-food patterns by tneans of cluster-analytical purposes. Nutr 
Rep Int 1989,40:189-98. 
Speck BJ, Bradley CB, Harrell JS, Bclyea MJ. A  food frequency 

53. 

54 

55. 

56. 

57. 

58. 

59. 

60. 

61. 

62. 

63. 

64. 

65. 

66. 

questtonnaire for youth, psychometric analysis and summary of eat- 
mg habits in adolescents. J Adolesc Health 2001;28,16-25. 
Schulze MB, Hoffmnnn K, Kroke A, Boemg H. Dietary patterns and 
their assoctation wtth food and nutrient intake in the European 
Prospecttve Investigatton into Cancer and Nutrition (EPIC)-Potsdam 
study. Br J Nutr 2001;85 363-73. 
Iizumi H, Amemiya T Eleven-year follow-up of changes in mdivid- 
uals’ food consumption patterns. Int J Vitam Nutr Res 19X6,56. 
399-409. 
Randall E, Marshall JR, Graham S, Brasure J Patterns in food use 
and therr assocrations with nutrient mtakes A m  J Clin Nutr 199052: 
73945. 
Akin JS, Guilkey DK, Popkm BM, Fanelli MT. Cluster analysis of 
food consumption patterns of oldet Amertcons J A m  Diet Assoc 
1986;86.616-24. 
K imm SY The role of dietary fiber in the development and treatment 
of childhood obestty. Pediatrics 1995;96:1010-4 
Jenkms DJ, Kendall CW. Augustin LS, et al. Glycemic Index. 
overview of implicattons in health and disease. A m  J Clan Nutr 2002; 
76(suppl):266S-73s. 
Ludwig DS The glycemic index: phystological mechanisms relating 
to obesity, diabetes, and cardiovascular disease. JAMA 2002,287: 
2414-23. 
Bell EA, Castellanos VH, Pelkman CL, Thorwait ML, Rolls BJ. 
Energy density of foods affects energy intake in normal-weight 
women. A m  J Chn Nutr 1998;67:412-20. 
Prentice AM. Manipulation of dietary fat and energy denstty and sub- 
sequent effects on substrate flux and food intake. A m  J Clm Nutr 
199S;67(suppl):535S~lS. 
Rolls BJ, Bell EA. Intake of fat and cnrbohydrate role of energy den- 
sity. Eur J Clin Nutr 1999;53:S166-73. 
Wolever TM. The glycemic index. World Rev Nutr Duet 1990;62 
120-85 
Patterson RE, Hames PS, Popkm BM. Health lifestyle patterns of 
U S  adults. Prev Mcd 1994.23.453-60 
Wiifalt E, Hedblad B. Gullberg B, ct al. Food patterns and compo- 
nents of the metabolic syndrome m  men and women‘ a cross-sectional 
study wtthm the Malmo Diet and Cancer cohort. A m  J Epidemtol 
2001; 154: 1150-9. 
Flegal KM, Carroll MD, Ogden CL, Johnson CL Prevalence and 
trends in obesity among US adults. 1999-2000. JAMA 2002;288: 
1123-7 



6 

DIETARY PATTERNS AND WEIGHT GAIN IN ADULTS 1425 

APPENDIX A  
Food groups (n = 41) used in the cluster analysis - _^___ 
Food group Foods in the group 

-_.- . . .._ ;:- 

High-fat dairy 

Reduced-fat drury 

High-fat dairy desserts 
Low-fat dairy desserts 
Margalme 
Vegetable ol1.s 
Miscellaneous fats 
Frmt 

Fret juices 
Fruit drmks 
Vegetables 

Potatoes 
Starchy vegetables 
Beans and legumes 

Eggs 
Poultry 
Meat 

Processed meat 
Seafood 
Liver and organ meats 
Sweet baked goods, full-fat 
Sweet baked goods, reduced-fat 
Low-fiber cereals’ 
High-fiber cereals’ 
White bread and refined grains 

Rice, pasta, and nuxed dishes 
with rice or pasta 

Nonwtnte breads 

Whole grains 

Salty snacks 
Nondiet soda 
Alcohol 
Nuts and seeds 
Meal-replacement Good products 
Pizza 
Miscellaneous sugary foods 
Chocolate 
Soups (broth or bouillon) 
Chowders, cream-based soups 
Fast food 

Seasonings 
Miscellaneous foods 

Barley, quinoa, bulgur, kasha, couscous, wheat germ, processed bran, oats and oatbran, other grains, brown rice, and 
popcorn 

Potato chips, corn chips, cereal mix, corn nuts, tortlIla chtps, pretzels, and other salty snacks 
Cola or noncola, with or without caffeine 
Red or white wme, beer (regular or lite), and hquol 
Almonds, peanuts, walnuts, seeds, other nuts and seeds, peanut butter, tahmi (sesame hurter), and coconut 
Ensure,’ breakfast bars, and Sl im Fast’ 
Pizza (plain or with toppings) 
Syrup, jam, table sugar, hard candy (Includmg light and fat-free versions), popsuzles, gelatin, and sorbet 
Chocolate and candy bars with chocolate 
Noncream, broth-based soups 
Cream soups and chowders 
Any food from a fast-food restaurant (hamburgers, chlcken, fish, French fries, breakfast sandwiches, milkshakes, 

pancakes, eggs, etc) 
All condiments (eg, ketchup) and spices (fresh or dried) 
Yeast, Hamburger Helper dry mn,4 macaroni and cheese dry mix, and seasoning mix from mixed dishes ..” _ . _.. __ _ __ _.. _ __ _ - - _ __“_ __ _ _ ._ __ 

‘Foods that contain 2 10% of the daily value for fiber, or 22.5 g/servmg, are considered a good source of tiber and &are in the high-fiber cere‘al group. 
Cereals containmg ~2.5 g fiber/serving are in the low-fiber cereal group (30). 

‘Ross Products Division of Abbott Laboratories Inc, Abbott Park, IL. 
‘Slim-Fast Foods Company (Unilevcr United States Inc), West Palm Beach, FL. 
“General Mil ls Inc. Minneapolis. 

Whole or 2%-fat milk (white or chocolate), cream (heavy, light, or half-and-half), hard cheese, yogurt, butter, sour 
cream, and cream cheese 

Sk im or l%-fat milk (white or chocolate), reduced-fat dairy products (butter, cheese, yogurt, sour cream, cream 
cheese, and cottage cheese) 

Pudding, cheesecake, custard, and ice cream 
Pudding, ice milk, frozen yogurt, and sherbet 
All full- and reduced-fat hard margarme, and shortening 
Salad dressing, mayonnaise, vegetable and nut oils, spray oil or margarine, and liquid margarine 
Gravy, iard, salt pork, nondairy creamer, Fats from meat. and nondairy “dairy” items (eg, nondairy sour cream) 
Oranges, grapefruit, lemons, limes, bananas, mangoes, dried fret, npplcs, peals, melons, bmncs, troplcal t’rutt, luwl 

fruit, and fruit salad 
Orange, grapefruit, apple, other 100% fruit juices, and nect‘ars 
Sweetened fruit drmlcs (not 100% fruit) 
Winter squash. carrots, broccoli, Brussels sprouts, leafy green!, (mustard, turnip. spinach, other), cauliflower, 

tomatoes, tomato or vcgctablcJulce, tomato products (s&a, sauce), all lettuces (leafy green, romaine, Iceberg), okra, 
sweet peas, erern or red peppers, onions, shallots, leeks, string beans, green beans, avocadoes, coleslaw, mdlshes, 
mixed vegetables, and mlxed vegetable dishes 

Potatoes (all preparations) 
Green bananas, plantains, sweet potatoes, corn, and other root crops 
Beans, hnrd peas, legumes, baked beans and pork. cowpens, mrxed dishes with beans or legumes, soybeans, tofu, 

meat substitutes made from soy products, soy nuts, soymlk, and vegetable protein ploducts 
Eggs (all preparations, including egg salad and egg substitutes) 
Chicken or turkey, with or wIthout skin (all preparations) 
Steak, ground beef, m Ixed dishes with beef, lamb, veal, game, whole or ground pork, venison, mixed dishes with 

these meats, pork turnovers, dumphngs, egg rolls, and neckbones 
Processed lunch meats (including lean and fat-free), sausage, hot dogs, bacon, and breakfast sausage 
Whole fish (all kinds), sardines, tuna fish, shellfish, tuna fish salad sandwich, other fish, and mixed dishes with fish 
Liver (all preparations) and organ meats 
Cake, cookies, quick bread, doughnuts, sweet rolls, granola bar, muffins, sweet potato pie, crisps, and cobblers 
All of the above, reduced-fat versions 
Low-fiber cereals (fortllied and nonfortified, hot or cold) 
High-fiber cereals (fortiiied and nonfomfied, hot or cold) 
White bread (including light), rolls, stutfin g, crackers, biscuits, bagels, pancakes, waffles, white flour, cornmeal, 

cornbread, hush puppies, grits, cracked wheat bread, croutons, and pretzels 
White rice (steamed or fried), mixed dishes with rice,, race and beans, pasta with vegetables, macarom and cheese, 

mixed pasta dishes without beef. and wheat pasta 
Whole-wheat bread, rye bread, other multigrain and whole-grain breads (mcluding light), wheat crackers, and whole- 

wheat flour 
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Dietary Calcium and Dairy Products AcceIerate Weight and- 
Fat Loss During Energy Restriction in Obese Adults. iMichael 
B. Zemel, University of Tennessee, Knoxville, TN; Warren 
Thompson, Mayo Clinic, Rochester, MN: Paula Zemel, Ann-Marie 
Nocton, Anita Milstead, Kristin Morris, Peter Campbell, 
University of Tennessee, Knoxville, TN 
We have previously demonstrated that increasing intracellular Ca”+ 
stimulates adipocyte lipogenic gene expression and lipogenesis 
and suppresses lipolysis, resulting in increased lipid accumulation. 
Moreover, we have recently demonstrated that I ,25-dihydroxyvi- 
tamin D stimulates Ca” influx in human adipocytes and thereby 
promote adiposity, whiIe suppressing 1,25-dihydroxyvitamin D 
levels by increasing dietary calcium markedly inhibits lipogenesis, 
accelerates lipolysis, increases thermogenesis and suppresses fat 
accretion and weight gain in animals maintained at identical 
caloric intakes and markedly acceierates fat loss in mice subjected 
to caloric restriction. To extend the’se findings to humans, 32 obese 
adults were maintained for 24 weeks on balanced deficit diets (500 
kcaliday deficit) and randomized to control (O-l serving/day and 
400-500 mg Ca/day supplemented with placebo). high calcium 
(control diet supplemented with SO0 mg G/day), or high dairy (3- 
4 servings of low-fat dairy products/day, total Ca intake of 1200- 
1300 mg/day). Control patients lost 614+2.5% of their body weight, 
which was increased by 26Ya on the high calcium diet and 70% (to 
10.9+1.60/o) on the high dairy diet (~~0.01). Fat loss (via DEXA) 
followed a similar trend, with the high caIcium and high dairy diets 
augmenting the,fat loss found on the low calcium diet by 38 and 
64%, respectively (pxO.01). Moreover, fat loss from the trunk 
region represented 19.0+7.9% of total fat Ioss on the low calcium 
diet, and this fraction was increased to 50.1+6.4 and 66.2+3.0% qn 
the high calcium and high dairy diets, respectively (pcO.001). 
Thus, increasing dietary calcium significantly augments weight 
and fat loss secondary to caloric restriction and increases the per- 
centage of fat lost from the trunk region. Moreover, dairy products : 
exert a substantially greater effect on both fat loss and fat dlstri- 
bution compared to an equivalent amount of supplemental calcium. 
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R ISK OF TYPE 2 DIABETES AND 
cardiovascular disease is af- 
fected by a number of medi- 

bcal and lifestyle factors. In re- 
cent years, increasing attention has been 
focused on a constellation of risk fac- 
tors termed the insulin resistance syn- 
drome (IRS), also known as the meta- 
bolic syndrome or syndrome X.‘s2 In this 
syndrome, obesity, insulin resistance, 
and hyperinsulinemia are thought to 
cause glucose intolerance, dyslipid- 
emia (low serum high-density lipopro- 
tein cholesterol (HDL-C), and high se- 
rum triglyceride concentrations), 
hypertension, and impaired fibrino- 
lytic capacity.3 An increasing incidence 
of IRS in all racial, ethnic, and social class 
groups in the United States can be in- 
ferred from the increasing prevalence of 
obesity4s5 and type 2 diabetes”.’ over the 
last 3 decades. Recently, this syndrome 
has been observed in youth,‘.” and age- 
adjusted prevalence among adults has 
5een estimated at 24%.‘* An increase in 
he prevalence of IRS may partly ex- 
Jlain the recent plateau or increase in 
.ardiovascular disease rates, after sev- 
ral decades of decIine.13 

Although various environmental in- 
uences, including smoking and physi- 

Context Components of the insulin resistance syndrome (IRS), including obesity, glu- 
cose intolerance, hypertension, and dyslipidemia, are major risk factors for type 2 dia- 
betes and heart disease. Although diet has been postulated to influence IRS, the in- 
dependent effects of dairy consumption on development of this syndrome have not 
been investigated. 

Objective To examine associations between dairy intake and incidence of IRS, ad- 
justing for confounding lifestyle and dietary factors. 

Design The Coronary Artery Risk Development in Young Adults (CARDIA) study, a 
population-based prospective study. 

Setting and Participants General community sample from 4 US metropolitan ar- 
eas of 3157 black and white adults aged 18 to 30 years who were followed up from 
19851986 to 19951996. 

Main Outcome Measure Ten-year cumulative incidence of IRS and its associa- 
tion with dairy consumption, measured by diet history interview. 

Results Dairy consumption was inversely associated with the incidence of all IRS com- 
ponents among individuals who were overwelght (body mass index ~25 kg/m2) at 
baseline but not among leaner individuals (body mass index ~25 kg/m2). The ad- 
justed odds of developing IRS (2 or more components) were 72% lower (odds ratio, 
0.28; 95% confidence interval, 0.‘14-0.58) among overweight individuals in the high- 
est (~35 times per week, 241102 individuals) compared with the lowest (<IO times 
per week, 85/190 individuals) category of dairy consumption. Each daily occasion of 
dairy consumption was associated with a 21% lower odds of IRS (odds ratio, 0.79; 
95% confidence interval, 0.70-0.88). These associations were similar for blacks and 
whites and for men and women. Other dietary factors, including macronutrients and 
micronutrients, did not explain the association between dairy intake and IRS. 

Conclusions Dietary patterns characterized by increased dairy consumption have a 
strong inverse association wrth IRS among overweight adults and may reduce risk of 
type 2 diabetes and cardiovascular disease. 
JAMA 2002;287 2087-2089 www.jama corn 
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DAIRY CONSUMPTION AND INSULIN RESISTANCE 

recommended low-fat diets in the pre- 
vention and treatment of cardiovascu- 
lar disease. Recently, however, some 
have questioned these recommenda- 
tions out of concern that high- 
carbohydrate consumption might 
promote IRS. “-I7 Other dietary factors 
that have been linked to components 
of IRS include the ratios of mono- 
unsaturated or polyunsaturated to 
saturated fatty acids,‘5J8JQ dietary fi- 
ber,20,21 and glycemic index.22-24 

Dairy consumption is another di- 
etary factor that might affect IRS. Milk 
intake has decreased significantly over 
the past 3 decades2s-27 as the preva- 
lence of obesity and type 2 diabetes has 
increased. Epidemiologic and experi- 
mental studies suggest that dairy prod- 
ucts may have favorable effects on body 
weight in children2* and adults.2g”’ In 
addition, dairy andfor calcium may de- 
crease the risk for hypertension,32J3 co- 
agulopathy,34 coronary artery dis- 
ease,35,36 and stroke.37v3s An inverse 
cross-sectional association between 
dairy intake and IRS was observed in 
men but not in women although the in- 
fluence of physical activity, fruit and 
vegetable intake, and other lifestyle fac- 
tors was not considered.3g The pur- 
pose of this study was to examine, in a 
prospective fashion, the independent 
association between dairy consump- 
tion and IRS, after taking into account 
physical activity level, macronutrient 
and fiber intake, and other potentially 
confounding variables. 

METHODS 
The Coronary Artery Risk Deveiop- 
ment in Young Adults (CARDIA) Study 
is a multicenter population-based pro- 
spective study of cardiovascular dis- 
ease risk factor evolution in a US co- 
hort of black and white young adults. 
The 4 study centers are Birmingham, 
Ala; Chicago, 111; Minneapolis, Minn; 
and Oakland, Calif. Stratification was 
used to obtain nearly equal numbers of 
individuals in each race, age group (age 
ranges, 18-24 and 25-30 years), and 
educational level (high school di- 
ploma and <high school diploma). Par- 
ticipants have been followed up for 15 

years, with the present analyses includ- 
ing the first 10 years and 5 clinic ex- 
aminations beginning with the base- 
line in 1985 and including 1987,1990, 
1992, and 1995. Fifty-one percent of 
5115 eligible participants underwent 
the baseline examination. Participa- 
tion has been excellent at approxi- 
mately 80% through 1995. More de- 
tails of the CARDIA Study design and 
its participants have been reported.40 

Study Participants 
From a total sample of 5115, we ex- 
cluded from our analysis those who had 
no year 0 or year 7 dietary data 
(n= 1175); had unusually high or low 
dietary intake values (<BOO and >8000 
caVd for men; <600 and >6000 Cal/d 
for women), consistent with CARDIA 
procedures (n= 707); were pregnant at 
baseline or within 180 days of year 10 
clinic examination (n=184); or were 
taking medications that affect blood 
lipid levels (n = 87). Many participants 
belonged to more than 1 of these cat- 
egories, leaving 3563 study partici- 
pants. Two hundred sixty-five of these 
individuals had 2 or more compo- 
nents of the IRS at baseline, and 141 had 
missing IRS data, resulting in a final 
sample size of 3157. For stratified analy- 
ses, 923 of these individuals were over- 
weight (body mass index IBM11 225 
kg/m”). 

Standard questionnaires were used to 
maintain consistency in the assess- 
ment of demographic (age, sex, race, 
educational level) and behavioral 
(physical activity and cigarette smok- 
ing) information across CARDIA ex- 
amination visits. The CARDIA Physi- 
cal Activity History questionnaire4’ 
queries the amount of time per week 
spent in leisure, occupational, and 
household physical activities over the 
past 12 months. Physical activity level 
is summarized as units of total activity 
averaged from the baseline and year 7 
examination. Educational level was 
quantified as the number of years of 
school completed by the year 10 ex- 
amination, and cigarette smoking sta- 
tus as current vs other smoker at the 
baseline and year 7 examination. 

Dietary Assessment 
The CARDIA Diet History42 queries 
usual dietary practices and obtains a 
quantitative food frequency of the past 
28 days. Starting with the Western Elec- 
tric dietary history as a model, the list 
of foods was expanded from 150 to ap- 
proximately 700 items in the hope of 
developing a dietary assessment tool 
that would be suitable across various 
populations and ethnic groups. Liu et 
a143 reported on the reliability and va- 
lidity of the CARDIA Diet History in 
128 young adults. The validity corre- 
lations between mean daily nutrient in- 
takes from the CARDIA Diet History 
and means from 7 randomly sched- 
uled 24-hour recalls were generally 
above 0.50.43 The correlations of calorie- 
adjusted calcium intake ranged from 
0.56 to 0.69 across race and sex groups. 
After correction for within-person vari- 
ability, they ranged from 0.66 to 0.80.43 

The University of Minnesota Nutri- 
tion Coordinating Center (NCC) tape 
10 nutrient database was used at base- 
line” and tape 20 at year 7.45 Foods con- 
taining dairy were identified by match- 
ing all CARDIA food codes to the entire 
NCC code listings for dairy products. 
We identified dairy products as any 
items reported during the diet history 
interview that were either 100% dairy 
(eg, milk) or included dairy as one of 
the main ingredients (eg, dips made 
with sour cream). We did not include 
mixed dishes or recipes when the con- 
tribution of dairy to the weight or ca- 
loric content of the item was unclear 
or likely to be minimal. The most fre- 
quently consumed dairy product at the 
baseline examination was milk and milk 
drinks, followed by butter, cream, and 
cheeses. Together these items com- 
prised approximately 90% of dany in- 
take. Most of the remaining products 
were yogurts, dips, ice cream, and pud- 
dings and other dairy-based desserts. 
Weekly frequency of consumption for 
each food (times per week) was used 
to estimate relative intake per week for 
each food for each individual. In addi- 
tion to using specific commonly con- 
sumed dairy foods, such as milk, as in- 
dependent variabIes in our analyses, we 
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also performed analyses for various 
dairy food groups based on type of 
product and amount of fat. Milk was 
considered to be reduced fat if it con- 
sisted of 2% milk fat whereas cheeses 
and desserts were considered to be re- 
duced fat if they had less than 15% milk 
fat (eg, reduced fat sour cream). The 
summation of dairy intake across all 
foods in the respective food groups was 
computed for each individual. To im- 
prove the accuracy of estimating ha- 
bitual intake, we averaged the intake re- 
ported during the interviews of the 
baseline and year 7 examinations. Total 
dairy intake was classified into 5 cat- 
egories. To ensure sufficient numbers 
in each race per dairy category, ap- 
proximate quintile cut points from the 
dairy distribution of the total cohort 
were used. Therefore, when stratified 
by race or baseline overweight status, 
we did not have equal numbers of ob- 
servations per category. 

We also considered intake of other 
food groups that may confound asso- 
ciations between dairy intake and IRS. 
These food groups included fruits, non- 
starchy and starchy vegetables, fruit 
juices, soft drinks and sugar-sweet- 
ened beverages, whole and refined 
grains, meat, and fish. In attempt to 
maximize our adjustment for lifestyle 
factors that may confound associa- 
tions between dairy intake and IRS, we 
created a healthy propensity score based 
on the following lifestyle factors, coded 
as 0 for unhealthy, and 1 for healthy: 
cigarette smoking (nonsmoker, l), 
physical activity (above median total ac- 
tivity score, I>, fruit and vegetable in- 
take (25 servings per day, l), whole 
grain intake (above median intake level, 
l), and soft drink consumption (be- 
low median intake level, 1). Thus, this 
healthy propensity score had a range of 
0 (least healthy) to 5 (most healthy). 
We also created 2 groups among over- 
weight individuals-those with a 
healthy propensity score below 3 (490/ 
923) and those with a healthy propen- 
sity score of 3 or higher (433/923). 
Other dietary and nutrient measures 
from the CARDIA Diet History used in 
our analyses as potential confounders 

or mediators of our hypotheses in- 
cluded caloric intake; alcohol; fiber 
(grams per 1000 Cal/d); caffeine (mg/d); 
percentage of calories from carbohy- 
drates, protein, total fat, saturated and 
unsaturated fatty acids; and the micro- 
nutrients from supplements and foods 
including calcium, magnesium, so- 
dium, potassium, and vitamin D. 

Clinic Measurements 
All clinic procedures were conducted 
in accordance with the CARDIA Study 
Manual of Operations. Participants were 
standing and dressed in light clothing 
without shoes for anthropometric mea- 
sures. Body weight was measured to the 
nearest 0.2 kg with a calibrated bal- 
ance beam scale. Height was mea- 
sured with a vertical ruler to the near- 
est 0.5 cm. Body mass index was 
computed as weight in kilograms di- 
vided by height in meters squared. 
Waist and hips were measured with a 
tape in duplicate to the nearest 0.5 cm 
around the minimal abdominal girth 
and the maximal protrusion of the hips 
at the level of the symphysis pubica, re- 
spectively. Waist-hip ratio (WHR) was 
computed from the average of the 2 val- 
ues for each respective measure. 

Prior to each CARDIA examination 
participants were asked to fast and to 
avoid smoking and heavy physical ac- 
tivity for the final 2 hours. For the pa- 
tients who did not fast for at least 8 
hours prior to clime examinations, data 
on triglycerides, insulin, and glucose 
were considered missing. Blood pres- 
sure was measured at each examina- 
tion on the right arm using a Hawks- 
ley random 0 sphygmomanometer (WA 
Baum Co, Copaigue, NY) with the par- 
ticipant seated and following a 5-minute 
rest. Three measurements were taken 
at l-minute intervals. Systolic and di- 
astolic blood pressures were recorded 
as phase I and phase V Korotkov 
sounds.‘6 The second and third mea- 
surements were averaged. Vacuum 
tubes containmg no preservative were 
used to draw blood for insulin and glu- 
cose. Serum was separated by centrifu- 
gation at 4°C within 60 minutes, stored 
in cryovials and frozen at- 70°C within 

90 minutes until laboratory analysis. 
The radioimmunoassay for insulin re- 
quired an overnight, equilibrium incu- 
bation and used a unique antibody that 
has less than 0.2% cross-reactivity to 
human proinsulin and its primary cir- 
culating split form Des 3 1,32 proinsu- 
lin (Linco Research, St Louis, MO). 
Blind analysis of split serum samples re- 
sulted in a technical error of 16.6% of 
the mean, and r=O.98. Northwest Lipid 
Research Clinic Laboratory (Seattle, 
Wash), which is a participant in the 
Centers for Disease Control and Pre- 
vention standardization program, was 
used to measure all lipids. Triglycer- 
ide levels were estimated using enzy- 
matic procedures, and HDL-C levels 
were measured according to the method 
of Warnick et a1.47 Although not a com- 
ponent of IRS, we also included low- 
density lipoprotein cholesterol as a 
separate independent variable to in- 
clude a balanced view of risk factors for 
cardiovascular disease. 

Insulin Resistance Syndrome 
Abnormal glucose homeostasis was de- 
fined as a fasting plasma insulin con- 
centration of at least 20 uU/mL (ap- 
proximately the 90th percentile of the 
fasting insulin distribution), fasting glu- 
cose concentration ofat least 110 mg/dL 
(6.1 mmol!L), or use of medications to 
control blood glucose. Obesity was de- 
fined as a BMI of at least 30 kg/m* or a 
WHR of at least 0.85 for women or 0.90 
for men. Elevated blood pressure was 
defined as blood pressure of at least 
130/85 mm Hg or use of antihyperten- 
sive medications.48 Dyslipidemia was 
defined as low HDL-C (535 mg/dL 
[ ~0.90 mmol/LI) or high triglyceride 
(2200 mg/dL [?2.26 mmol/LJ) con- 
centrations. Insulin resistance syn- 
drome was defined as the presence of 
2 or more of the 4 components: abnor- 
mal glucose homeostasts, obesity, el- 
evated blood pressure, and dyslipid- 
emia. If 2 components of IRS were 
positive, the individual was consid- 
ered to have IRS, even if other compo- 
nents were missing. If 3 components 
were negative, the individual was not 
considered to have IRS even if the fourth 

02002 Amcrlra~~ Medical Asw.xiahm. All rights reserved. (Reprmted) JAMA, April 24, 2002-Vol 287, No 16 2083 



DAIRY CONSUMPTION AND INSULIN RESISTANCE 

Table 1. Dairy Food Intake Medians by Race and Baseline Overweight Status in the Coronary 
Artery Risk Development in Young Adults (CARDIA) Study* 

Median intake Frequency, Times per Week 
I I 

BMI <25 kg/m* BMI ~25 kg/m2 

Variables Variables 
All dairy products All dairy products 

Reduced fat Reduced fat 
Hugh fat Hugh fat 

Milk and mlik drinks Milk and mlik drinks 

/ / I I I I 
Blacks Blacks Whites Whites Blacks Blacks 

(n = 906) (n = 906) (n = 1328) (n = 1328) (n = 503) (n = 503) 
16.6 16.6 23.2 23.2 132 132 

2.4 2.4 9.3 9.3 2.3 2.3 
12.2 12.2 11.2 11.2 a.0 a.0 
5.7 5.7 8.2 8.2 4.0 4.0 

Whites ’ Whites ’ 
(n = 420) (n = 420) 

21.3 21.3 
9.3 9.3 

10.4 10.4 

7.8 7.8 
Reduced fat 0.3 5.9 05 5.7 
High fat 2.4 0.1 1 .o 0.0 

Cheese and sour cream 2.6 4.7 2.7 4.7 
Reduced fat 0.2 1.2 0.1 1.2 

Hugh fat 2.3 3.0 2.2 3.0 
Butter and cream 37 3.9 2.0 2.9 
Desserts 1 .o 1 .o 0.7 0.8 
Yogurt 0.0 0.5 0.0 0.3 
’ BMI tndmtes body mass index 

was missing. In all other cases of miss- 
ing components, the IRS status was 
considered missing and the individual 
was not included in our analyses, To 
ensure true incident cases, baseline 
(year 0) cases of IRS were excluded 
from all analyses. When the outcome 
variable was an individual component 
of IRS (eg, obesity), we excluded from 
the analysis the baseline cases of this 
particular component. 

Statistical Analysis 
All analyses were performed using SAS 
statistical software version 8 (SAS In- 
stitute, Car-y, NC). General linear re- 
gression models were used to com- 
pare the incidence of components of IRS 
and of IRS itself across categories of 
dairy intake. We used multiple logis- 
tic regression to evaluate associations 
between dairy consumption and the 
odds of developing IRS during the lo- 
year study after excludmg all individu- 
als who had IRS at baseline. Odds ra- 
tios (ORs) and their 95% confidence 
intervals (CIs) were computed for the 
second through fifth category of the re- 
spective dairy food group with the first 
category (lowest intake) as the refer- 
ent group. A linear trend across cat- 
egories was tested with contrast state- 
ments using orthogonal polynomial 
coefficients.4g In addition to assessing 

the influence of potential confound- 
ers, models were constructed to evalu- 
ate micronutrients and macronutri- 
ents as possible physiologic mediators 
of the association between dairy in- 
take and IRS. We evaluated whether 
adding these variables to the final re- 
gression models attenuated the strength 
of the association between dairy in- 
take and risk factors and disease out- 
comes. We tested 2-way interactions 
based on a priori hypotheses about po- 
tential differences in the association be- 
tween dairy intake and IRS by race and 
sex, and by baseline overweight (BMI 
~25 kg/m2 vs 225 kg/m2) status. Sta- 
tistical significance was set at P= .OS. 

RESULTS 

TABLE 1 presents total dairy intake and 
specific dairy food groups by race. Dairy 
intake was higher in whites than in 
blacks (P<.OOl), and this difference 
was generally consistent across the dairy 
subgroups. One exception was when 
dairy was classified according to 
amount of fat; whites tended to con- 
sume more reduced fat dairy products 
than blacks, whereas the reverse was 
true for higher fat dairy products. We 
also observed differential dairy intake 
according to baseline BMI, with over- 
weight individuals consuming dairy 
products at a lower frequency than their 

normal-weight counterparts (PC.001). 
These differences were larger for blacks 
than for whites. We observed a small 
decline in dairy intake of approxi- 
mately 13% from the year 0 to the year 
7 examination (-3.1 times per week, 
95% CI,-3.7 to-2.4]), but change in 
dairy intake was not associated with 
baseline BMI (Pearson correlation co- 
efficient, 0.02). Thus, any potential mis- 
classification related to dairy consump- 
tion over time should not affect lean and 
obese individuals differently. 

Demographic, lifestyle, and dietary 
correlates of dairy intake are shown in 
TABLE 2, with adjustment for age, sex, 
race, caloric intake, and study center. 
In comparison, the baseline character- 
istics of the 1552 participants ex- 
cluded from the present analyses were 
generally similar although 64% were 
black and 46% were white. Higher dairy 
consumers were much less likely to be 
black and somewhat more likely to be 
women. Notably, dairy consumption 
was positively associated with whole 
grain, fruit, vegetable, saturated fat in- 
take, and inversely associated with 
sugar-sweetened soft drink intake. 

Ten-year cumulative incidence rates 
of each IRS component, as well as the 
IRS itself, are shown in TABLE 3 strati- 
fied by race and overweight status (BMI 
225 kg/m2). Incidence rates for all com- 
ponents were higher for individuals 
who were overweight at baseline. Blacks 
have higher rates of each component 
with the exception of dyslipidemia. The 
incidence of IRS (developing 2 or more 
components over 10 years) was nearly 
4-fold higher in overweight blacks and 
nearly S-fold higher in overweight 
whites compared with their normal- 
weight counterparts. 

FIGURE 1 shows lo-year cumula- 
tive incidence of the 4 components of 
IRS by dairy categories stratified by 
baseline overweight status and ad- 
justed for age, sex, race, caloric in- 
take, study center, and baseline BMI as 
a continuous variable within each BMI 
category. There was a consistent reduc- 
tion in incidence for each of the 4 com- 
ponents with increasing categories of 
dairy intake for overweight individu- 
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. . . 

als only. Associations between dairy in- 
take and these IRS components were 
much weaker and less consistent in nor- 
mal-weight individuals. Although not 
part of IRS, we found no association be- 
tween dairy intake and incidence of 
high LDL-C (2140 mg/dL 13.6 mmol/ 
Ll, data not shown). 

With IRS as the dependent variable, 
there was an interaction between dairy 
intake and baseline overweight status 
(P=.O3). No association was observed 
between dairy intake and IRS inci- 
dence in those who were not over- 
weight at baseline. Among overweight 
individuals of either race, incidence of 
IRS decreased by more than 50% from 
lowest to highest categories of dairy 
consumption. This association be- 
haved in a dose-response manner and 
was monotonic for blacks. Associa- 
tions between dairy intake and IRS were 
similar between races and sexes (P value 
for interaction terms >.lO). 

TABLE 4 includes ORs for IRS ac- 
cording to categories of total dairy in- 
take. Because of the interaction be- 
tween dairy intake and overweight 
status described above, we only pre- 
sent models for individuals who were 
overweight or obese at baseline. Model 
1 includes basic demographic factors 
and BMI. We observed a substantial re- 
duction in the odds of IRS over the lo- 
year period with increasing category of 
dairy intake. The reduction in odds was 
71% (OR, 0.29,95% Cl, 0.14-0.58) for 
the highest category of dairy intake rela- 
tive to the lowest category (P value for 
linear trend across all quintiles <.OOl). 
Among those who were not over- 
weight or obese at baseline, the OR of 
IRS for those in the highest category of 
dairy intake was 0.72 (95% CI, 0.39- 
1.34, P for trend=.22). 

In the adjusted models 2 and 3A in- 
volving overweight or obese individu- 
als, we observed little evidence of con- 
founding by other lifestyle and dietary 
factors. Confidence intervals became 
wider in model 3A due to the inclu- 
sion of many dietary variables, most of 
which are themselves nonsignificant 
predictors of IRS. Adjustment for the 
healthy propensity score revealed very 

similar findings (OR for highest vs low- performed stepwise logistic regres- 
est category of dairy intake, 0.37; 95% sion for all dietary variables included 
CI, 0.18-0.79). In model 3B, we evalu- in models 3A and 3B while forcmg all 
ated several macronutrients and mi- demographic and nondietary lifestyle 
cronutrients as possible mediators of the factors into the model Other than dairy, 
association between dairy intake and fiber and protein were the only di- 
IRS. Results for models 2 and 3B are etary variables with significant associa- 
very similar, suggesting that these fac- tions with IRS. Of particular note is the 
tors do not explain the inverse associa- strong inverse association between di- 
tion between dairy intake and IRS in- etary fiber intake and IRS (OR for each 
cidence. Finally, in model 3C, we 3 g/1000-cal increment in fiber [ap- 

Table 2. Adjusted Mean Values of Demographic and Dietary Factors by Level of Datry Intake 
and Baseline Overweight Status* 

Median Intake Frequency, Times per Week 

Variables 
Demographics 

4% Y 
Black. %  

I I 
BMI ~25 kg/m2 BMI 225 kg/m? 

I I I I 
0 to ~10 16to <24 135 0 to ~10 16 to ~24 835 
(n = 366) (n = 527) (n = 463) (II = 223) (n = 214) (n = 116) 

25.2 24 7 24.9 258 25 1 25.6 
67.9 41.2 16.4 85.8 41.7 163 

Women, %  54 9 52.3 60.5 51.5 55.5 65.8 
Education, y 14.9 15.2 15.1 14 4 14.8 15.6 

Lifestyle 
Physical actlvlty, units 354 402 409 324 381 392 
Current smoker, %  27.9 21.8 26.3 26.8 24.7 25.9 
Alcohol Intake, mUd 127 9.6 9.6 11.5 10.6 11 1 

Dietary factors 
Saturated fat, 11.7 132 14.7 12.0 13.5 14.6 

%  of dally calones 
Carbohydrates, 49.0 48.5 47.3 47.0 46.5 47.0 

%  of dally calories 
Protein, %  of daily calones 13.8 14.5 14.9 14.4 15.1 15.5 
Calcium intake, mg/d 884 1172 1480 a77 1133 1500 
Soda intake, trmesiwk 6.5 5.0 3.6 6.4 4.5 3.3 
Whole Intake, gratn 6.2 8.6 95 5.4 7.5 9.9 

ttmes/wk 
Frutts and‘vegetable 21.4 23.1 23.7 20.4 22.5 23.4 

intake, tlmes/wk 
*Means are adjusted for age. caior~c intake. race, sex, and study center The second and fourth dairy categories are 

omltted to conserve space BMI lndlcates body mass Index. 

Table 3. Ten-Year Cumulative Incidence of the Insulin Resistance Syndrome and Its 
Components by Race and Baseline Overweight Status in the Coronary Artery Rusk 
Development in Young Adults (CARDIA) Study 

No./Total (%) 
I I 

BMI ~25 kg/m2 BMlz-25 kg/m2 
1 I 1 1 

Variables Black White ’ Black White I 
Obesrty 116/818 (14.2) 129/1237 (10.4) 228/346 (65 9) 146/328 (44.5) 

Body mass Index 230 kg/m2 761819 (9.3) 3911237 (3.2) 207/347 (59.7) 121/328 (36.9) 
Warst-hrp ratlo’ 60/819 (7.3) IO-t/1239 (8.2) 691348 (19.8) 76/328 (23 2) 

Abnormal glucose homeostasrs 741646 (11.5) 35/1099 (3.2) 124/393 (31.6) 70/384 (18.2) 
Elevated blood pressure 1011779 (13 0) 47/1201 (3.9) 1131545 (20 7) 50/431 (11.6) 
Dyslipidemia 651709 (9.2) 108/l 114 (9.7) 581486 (11.9) 911385 (23.6) 
lnsultn resistance syndrome 86’715 (11.9) 89/1160 (7.7) 170/412 (41 3) 123/367 (33.6) 

(z2 components) 
4 Men, SO 90, Women. 20 85. BMI indicates body mass Index 
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Figure 1. Ten-Year Cumulative Incidence of Insulin Resistance Syndrome Coniponents by 
Categories of Total Dairy Intake With Stratification by Baselme Overweight Status 

Obesity 
P  for Trend < 001 

40 
s 

30 
PforTrend=.l9 

20 

0 
225 kg/m2 ~25 kg/m2 
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P  for Trend < ,001 
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60 

Abnormal Glucose Homeostasls 

P  for Trend < 01 

PforTrenU=.77 
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Dysllpidemla 

60 

40- 
z 

3. _ P  for Trend = .07 

0 
525 kg/m2 ~25 kg/m* 

Body Mass Index 

Rates are adjusted for age, study center, caloric Intake, race, sex, and basellne body mass index 

proximate interquartile range], 0.66; 
95% CI, 0.53-0.80). However, fiber was 
not a confounder of the association be- 
tween diary and IRS. The strong and in- 
dependentjoint association of dairy and 
fiber intake with odds of IRS is shown 
in FIGURE 2. Odds of IRS for individu- 
als in the lowest tertiles of both fiber 
and dairy were nearly 7-fold higher than 
those in the highest tertiles of both fi- 
ber and dairy intake. Dietary protein 
demonstrated a positive association 
with IRS incidence (OR for each 1% ca- 
loric increment of protein, 1.12; 95% 
Cl, 1.04-1.21), and this association was 
due to animal rather than vegetable pro- 
tein (data not shown). Although di- 
etary calcium appeared to be inversely 
associated with IRS incidence in a 
model without dairy intake (OR for 
each 600-mg increment [approximate 
interquartile range], 0.79: 95% CI, 0.61- 
1.03), the association between cal- 
cium intake and IRS was entirely ex- 
plained by adding dairy intake to the 
model (OR, 0.99; 95% CI, 0.76-1.29). 

To examine the extent to which 
weight gain explains the association be- 
tween dairy and IRS, we added lo- 
year weight gain to the final model as 
a continuous variable. In this model, the 
OR for the highest category of dairy in- 

Table 4. Odds Ratios for Insulin Resistance Syndrome According to Daiiy Intake Categories Among Overweight lndwduals at Baselme* 
Weekly Dairy Intake, Odds Ratio (95% Confidence Interval) 

/I 
oto <lO 10 to <16 16 to ~24 24 to ~35 235 P for 

Independent Variables (n = 219) (n = 201) (n = 212) (n = 161) (n=116) Trend 
Model 1 

Demographicst 1 .oo 1.15 (0 73-1 80) 0.58 (0.35-0.94) 0.41 (0.24-0.71) 0.29 (0 14-0.58) < 001 

Model 2 
Demographics and nondietary ltfestyle 1.00 1.19(0.76-1X58) 0.62 (0.38-l .Ol) 0.45 (0 26-0.79) 0.32 (0.16-0.66) c.001 

factors* 
Model 3A 

Demographics, nondietary lifestyle factors 1 .oo 1.20 (0.75-l .93) 0.64 (0.38-1.08) 0 51 (0.28-0.94) 0.38 (0.17-o 83) .002 
and dietary factorss 

Model 38 
Demographics, nondietary llfestyie factors I .oo 1 19 (0.75-l .90) 0.59 (0.35-l .OO) 0.43 (0.23-0.78) 0.31 (0.14-0.70) cc.001 

and components of daIryI 
Model 3C 

Demographlcs, nondietary ltfestyle factors, 1 00 1.12 (0.71-1.78) 0.56 (0.34-0.92) 0.42 (0.24-o 75) 0.28 (0.14-0.58) <.OOl 
and dietary fiber and protein1 

*Overweght IS defined by body mass Index of 25 kg/m2 or more 
TDemographtcs include age, sex. race, calone Intake per day, study center, and baselw body mass Index. 
$Nondletary lkfestyle factors ~nclucfe educational level in years, daily alcohol intake by mllifliters per day, current smoking status, units of dally physlcal actlvtty, and use of vltamln 

supplement. 
$Dietaryfactors include caloric percentage of daily poiyunsaturated fat consumption. mill igrams of daily caffetne intake. grams of fiber per 1000 calones. Intake frequency of whole 

and refined grains, meat, frujt, vegetables, soda, and dietary Intake of milhgrams of magnesium and calcium and mwograms of vitamin D. 
/IComponents of dawy include caloric percentage of protein and saturated fat and dietary Intake of ml&grams of magnewm, calcium, and potaswm and micrograms of vitamin D  
fiBased on a stepwe procedure with a PC 10 for inclusion (demographlc and lrfestyle factors were forced into lhe model), fiber and protein were the only variables Included. 
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take compared with the lowest cat- 
egory was 0.33 (95% CI, 0.16-0.72). 
This finding was similar when adjust- 
ing for weight gain as quintiles or 
deciles. We also stratified the sample 
by lo-year weight gain, based on a me- 
dian split. In both weight gain strata, 
the odds of IRS were lowest for those i with highest dairy intakes although CIs 
became wide because of the imbal- 
ance in the number of cases between 

i these 2 groups. 
As shown in FIGURE 3, the associa- 

.,. 
^. tion between dairy intake and IRS inci- 

dence was very similar for both races and 
sexes. With the same covariates as m  
model 3C of Table 4, the odds of IRS as- 
sociatedwith an increment of 1 daily eat- 
ing occasion of dairy was 0.96 (95% Cl, 
0.73-1.28) for black men, 0.70 (95% Cl, 
0.54-0.91) for black women, 0.74 (95% 
CI, 0.59-0.93) for white men, and 0.62 
(95% CI, 0.46-0.84) for white women. 

In TABLE 5, ORs of the components 
of IRS and of IRS itself are shown for 1 
daily increment (7/wk) of total dairy in- 
take and of specific types of dairy. Odds 
were generally lower, and in most cases 
considerably reduced, with increasing 
intake of all types of dairy products. In- 
verse associations were observed for 
both reduced-fat and high-fat dairy 
products. Odds of obesity, abnormal 
glucose homeostasis, and elevated blood 
pressure were lower by nearly 20% for 
each daily eating occasion of total dairy 
products, and odds of IRS were lower 
by 21%. When a BMI of 30 kg/m* and 
a WHR of 0.90 for men and 0.85 for 
women were evaluated separately, odds 
of both were lower (OR, 0.81 for BMI; 
OR, 0.89 for WHR) with each daily in- 
crement of total dairy. The association 
between dairy intake and dyslipid- 
emia was somewhat weaker. How- 
ever, dairy intake appeared to be in- 
versely associated with the odds of 
elevated triglyceride levels (OR, 0.79 for 
1 daily increment of total dairy; 95% CI, 
0.67-0.94) but not with low HDL-C 
(OR, 0.99; 95% Cl, 0.87-1.12). 

COMMENT 
We observed inverse associations be- 
tween frequency of dairy intake and the 

development of obesity, abnormal glu- 
cose homeostasis, elevated blood pres- 
sure, and dyshpidemia in young over- 
weight black and white men and 
women. The lo-year incidence of the 
IRS was lower by more than two thirds 
among overweight individuals in the 
highest category of dairy consump- 
tion (25/d) compared with those in the 
lowest category (< 1.5/d). These asso- 
ciations were not confounded by other 
lifestyle factors or dietary variables that 
are correlated with dairy intake and did 
not differ materially by race or sex 

The main limitation of our study is 
its observational nature. Therefore, we 
cannot rule out residual confounding, 
and we cannot conclude that in- 
creased dairy intake reduced the inci- 
dence of IRS in a causal manner. The 
strengths of the study include its lon- 
gitudinal design, allowing us to ex- 
clude participants with existing IRS at 
baseline and to compare the IO-year cu- 
muIative incidence of IRS across dairy 
categories from the average of 2 com- 
prehensive diet history interviews. Self- 
reported diet averaged over time should 
be a better estimate of habitual intake 
than a single measure.50 Remaining er- 
rors in the measure of diet are likely to 
bias associations toward the null hy- 
pothesis (no association), resulting in 
an underestimation of the true magni- 
tude of the association. Indeed, we ob- 
served somewhat stronger associa- 
tions between dairy intake and IRS 
incidence when modeling the average 
dairy intake compared with the year 0 
and year 7 dairy intake separately, al- 
though these differences were not large 
and do not materially affect the results 
or conclusions (data not shown). The 
diet history method was chosen for 
use in the CARDIA study because of 
its comprehensiveness, interviewer- 
administered format, suitable time- 
frame for capturing habitual diet with- 
out exacerbating recall error, and 
applicability to populations differing in 
social and cultural characteristics. 

Although saturated fat contained 
in dairy products may raise LDL-C 
levels, there are several mechanisms 
by which dairy intake may protect 

Figure 2. Joint Associations of Darry Intake 
and Dietary Fiber With Insulin Resistance 
Syndrome (IRS) Incidence 

High LOW 
Fiber Intake 

Odds ratios for IRS are shown for high and low ter- 
tiles of the datry and fiber dlstnbutlons, after adjust- 
ment for age, sex. race, caloric Intake, study center, 
baselme body mass Index, educatlonai level (years). 
alcohol Intake, current smoker (yes/no). physlcal 
actwtty. wtamin supplement use (yes/no), and pro- 
tern Intake (% of dally calones). Error bars mdxate 
95% confidence intervals 

Figure 3. Race- and Sex-Stratified Models 
of Odds Ratios for Insulin Resistance 
Syndrome Incidence 

AMHl  
AWomen 
0 Blacks 
0 Whites 

18 

16 
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0 1.57 

o- 
Cl0 1 0-<16 16-<24 24.<35 235 

Dairy Intake. Times per Week 

Odds ratios are shown after adjustment for age, sex, 
race, caloric Intake (calId). study center, baselme body 
mass index (kglm2), educattonal level (years), alco- 
hol Intake (mL/d), current smoker (yes/no), physical 
activity (units/d). wtamm supplement use (yes/no), fl- 
ber (g/1000 Cal), and protem Intake (% of dally 
calones). 

against insulin resistance, obesity, and 
cardiovascular disease. Many single- 
nutrient studies, but not a1L5’ suggest 
that calcium, potassium, and magne- 
sium may lower the risk of hyperten- 
sion,3’.33 coronary heart disease,35*36 
stroke,37.3* or type 2 diabetes.52 Other 
studies have suggested an intracellu- 
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Table 5. Odds Ratios for Components of Insulin Resistance Syndrome (iRS) per 1 Daily Eating Occasion of Specific Types of Dairy Products Table 5. Odds Ratios for Components of Insulin Resistance Syndrome (iRS) per 1 Daily Eating Occasion of Specific Types of Dairy Products 
Among Individuals Who Were Overweight at Baseline* Among Individuals Who Were Overweight at Baseline* 

Odds Ratio (95% Confidence Interval) Odds Ratio (95% Confidence Interval) 
I I I 

Abnormal Glucose Elevated 
Variables Obesity Homeostasis Blood Pressure Dyslipidemia IRS 

All dairy products 0.82 (0.72-0.93) 0.83 (0.73-0.95) 0.81 (0.71493) 0.92 (0.82-l .04) 0.79 (0.72-0.88) 

Reduced fat 0.84 (0.70-l .02) 0.95 (0.79-1.14) 0.79 (0.64-0.98) 0.95 (0.80-1.13) 0.78 (0 650.93) 

High fat 0.84 (0.73-0.97) 0.77 (0.65-0.91) 0.84 (0 71-0.99) 0.91 (0.79-l .05) 0.82 (0.71-0.94) 
Milk and mtlk drinks 0.83 (0.68-l .OO) 0.84 (0 70-l .03) 0.80 (0.64-0.99) 0.91 (0.76-l .08) 0.74 (0.62-0.89) 

Cheese and sour cream 0.82 (0.55-l 22) 0.96 (0.65-i .42) 0.67 (0.43-I .06) 1.23 (0.85-l .77) 0.64 (0.43-o 94) 
Butter and cream 0.85 (0.72-l .02) 0 84 (0.69-l .03) 0.86 (0.70-I .05) 0.91 (0.76-l .08) 0.90 (0.76-l .05) 

Dairy-based desserts 0 63 (0.24-l .64) 0.26 (0.09-0.80) 0.37 (0.12-1.13) 0.66 (0.26-1.79) 0.32 (0.13-0.83) 

Yogurt 0.47 (0.16-1.43) 0.44 (0.12-1.62) 0.78 (0.22-Z 72) 0.51 (0.15-1.72) 0.58 (0.20-l .66) 
*AdJusted for all variables listed rn Table 4 

lar role of calcium or other compo- 
nents of dairy products in body weight 
regulation,” a hypothesis supported by 
severa1,28-31 but not all 53 observational 
and experimental studies. In our study, 
the inverse association between cal- 
cium intake and IRS was entirely ex- 
plained by dairy intake whereas the as- 
sociation between dairy consumption 
and IRS was not materially affected by 
adjustment for the intake of calcium or 
any other nutrients. It is also possible 
that the lactose, protein, and fat in dairy 
foods may enhance satiety and reduce 
the risk of overweight and obesity rela- 
tive to other high-carbohydrate foods 
and beverages. However, adjustment for 
these nutrients also had no meaning- 
ful effect on the associations between 
dairy intake and the risk factors of the 
present study. 

Alternative explanations for a pos- 
sible effect of dairy on the develop- 
ment of IRS include alterations in di- 
etary patterns associated with dairy 
intake (eg, low glycemic index22-24), 
presence in dairy of unrecognized bio- 
logically active components, or re- 
sidual confounding by recognized di- 
etary or lifestyle factors. Further 
observational and experimental work 
is needed to examine these possibili- 
ties. 

The association between dairy in- 
take and IRS was not observed in indi- 
viduals who were not overweight (BMI 
<25 kg/m21 at baseline of this lo-year 
study, perhaps because these individu- 
als were protected from insulin resis- 
tance and obesity by other lifestyle or ge- 

netic factors. Other epidemiologic 
studies of coronary disease or lipid lev- 
els have reported similar interactions be- 
tween overweight status and dietary pat- 
terns related to insulm sensitivity.22 

Changing dietary’patterns may play 
an important role in the epidemics of 
obesity4s5 and type 2’diabetes,6J as well 
as the plateauing or increase in heart 
disease rates13 in the United States in 
recent years. Trends in dietary intake 
behaviors over the past few decades 
have revealed decreasing intake of dairy 
products, especially milk, and increas- 
ing amounts of soda consumption and 
snacking among children and adoles- 
cents.25-27.54 In summary, our study sug- 
gests that dietary patterns character- 
ized by increased dairy consumption 
may protect overweight individuals 
from the development of obesity and 
the IRS, which are key risk factors’,* for 
type 2 diabetes and cardiovascular dis- 
ease. Indeed, other major clinical tri- 
als and official nutritional recommen- 
dations would appear to be supportive 
of this dietary pattern.55,56 
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ABSTRACT 
Five clinical studies of calcium intake, designed with a primary 

skeletal end pomt, were reevaluated to explore associations be- 
tween calcium intake and body weight. All subjects were women, 
clustered in three mam age groups: 3rd, 5th, and 8th decades. Total 
sample size was 780. Four of the studies were observational; two 
were cross-sectional, m  which body mass index was regressed 
against entry level calcium intake; and two were longitudinal, in 
which change in weight over time was regressed against calcium 
Intake. One study was a double-blind, placebo-contfolled, random- 
ized trial of calcium supplementation, in which change in weight 
during the course of study was evaluated as a function oftreatment 

status. Slgmficant negative associations between calcium intake 
and weight were found for all three age groups, and the odds ratio 
for being overweight (body mass index, >26) was 2.25 for young 
women in the lower half of the calcium intakes of their respective 
study groups P < 0.02). Relative to placebo, the calcium-treated 
subjects in the controlled trial exhibited a significant weight loss 
across nearly 4 yr of observation. Estimates of the relationship 
indicate that a 1000-mg calcium intake difference is associated 
with an 8-kg difference m  mean body weight and that calcium 
intake explains -3% of the variance in body weight. (J Clin En- 
docrmol Metab 85: 4635-4638.  2000)  

M cCARRON (l), IN HIS analysis of NHANES-I data, 
noted an inverse association between calcium in- 

take and body weight. The lack of any plausible basis for 
connecting these two variables effectively relegated this 
observation to the status of a curiosity or a chance asso- 
ciation. But recently, Zemel et aI. (2), in an analysis of the 
NHANES-III database, found a very strong inverse asso- 
ciation between relative risk of obesity and calcium intake. 
Moreover, this observation was not itself an isolated one. 
Teegarden et al. (3), Carruth ef nl. (4), and Skinner ef aI. (5) 
have recently reported a similar inverse association be- 
tween body fat gain and calcium intake in children and 
young women. Now that Zemel et nl. (2, 6-8) have estab- 
lished a plausible physiological basis for the association, 
it seemed useful to examine other databases and partic- 
ularly randomized controlled trials in which calcium sup- 
plementation was used for a skeletal end point, to see 
whether, in a different context, calcium intake was also 
associated with a weight effect. 

Accordingly, we examined the data accumulated in sev- 
eral studies conducted out of our Osteoporosis Research 
Center over the past 12 yr. Four of these, for their primary 
skeletal end points, have been published elsewhere (9-12). 
One is an ongoing randomized trial in which the blind has 
not been broken, but the entry data were available for cross- 
sectional analysis. 
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SubJects 
Materials and Methods 

The studies from which our data come are: “YWS” denotes a cohort of 
184 healthy women in their early 20s followed for 4 yr (9); “TCD” denotes 
a similar cohort of young women partlcipsnts in a randonuzed controlled 
trial of calcium supplementation; “Nuns” denotes a prospechve study of 
ca lcmm metabolism and bone health at 5yr intervals LII a cohort of 191 nuns 
as they passed from premenopause to postmenopause (12); “MBx” denotes 
a study of bone dynamics and blochenucal markers in a cohort of 75 healthy 
perimenopausal women observed at 6-month mtervals over 5 yr (11); and 
“Van” denotes a randomized controlled trial of calcium supplementahon 
in 216 elderly women (10). The sublects have all been described in greater 
detail in the respective publications. Table 1 presents the several studies 
involved, providing relevant mformation with respect to type of analysis, 
age group of the subjects concerned, duration of observation, pertment 
intake variables, and method of assessing dietary stake. Table 1 also con- 
tains the numbers of subjects in each study on whom suitable data were 
available for this analysis. (For the longititdinal studies we included only 
women in whom we had at least tlvee observations over time, and we 
excluded women who, while under shady, developed il lnesses that nught 
influence weight.) All these projects had been reviewed and approved by 
Creighton University’s histihltional Review Board, and alI subjects gave 
wntten consent. 

Dietary intake assessment 

For the nomntervention studies, ‘i-day food dlanes were assessed by 
re@tered diehtians using a succession of methods over hme. For the Nuns 
study, be,atig m  1967, mtakes were assessed usmg hand calculation, 
reiernng to USDA l inzzdbook 6 and later Bowes and Church (13), computer 
saftware was used exclusively LII the other four studies and in the NLUX 
study as It became available. The YWS and MBx studies used NutiPractor 
(Practorcare, SUI Diego, CA). Finally, TCD began m  1995 and has useci Food 
Processor (ESHA Research, Salem, OR). For W S  and MBx, both of wluch 
had O-month vlslt mtervals, only the imtial diet analysis was used. But for 
the Nuns study, which had 5-yr vlslt mtervals, the average mtake values 
over the period of observahon was used. 

Calcium intake was expressed as the calcium to protein ratio, both 
because this stratagem explicitly factors in the countervailmg effects of 
the two nutrients (13) and because the ratio ehmmates most of the 
portion sze estimation error. As we have shown previously (9, 14, 15), 
the ratio better correlates with an outcome variable known to be asso- 
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The size of the presumed effect can be estimated best by 
taking apart the calcium to protein ratio and BMI. In the two 
studies in young women, each l.O-mg increment in this ratio 
was associated with a 0.186-kg/m2 decrement in BMI. For the 
mean protein intake in these two studies (62.4 g/day), and 
the mean height (1.66 m), these numbers translate to a pre- 
dicted 0.82-kg weight decrement for each lOO-mg calcium 
intake increment. And in the middle-aged women, the best 
estimate of weight ~change is -0.038 kg/yr/lOO mg calcium 
intake. At a 55% compliance level in the calcium-supple- 
mented group in the Van study (lo), the observed difference 
in weight change translates to -0.052 kg/yr/lOO mg calcium 
intake. This rate of change is of approximately the same 
magnitude as in the middle-aged women and the difference 
between them is probably not biologically meaningful. 

It may be of interest to note that the predicted weight 
change in the Nuns and MBx combined cohort (Fig. 2) crosses 
zero at a calcium to protein ratio of almost exactly 20 mg/g, 
a figure very close to that derived from current dietary rec- 
ommendations for both nutrients. Very few women in this 
age range achieve calcium to protein ratios even close to 20 
(see Table l), and what our data suggest is that the general 
tendency to gain weight observed in mid life may be due to 
effectively very low calcium intakes. 

Perhaps the largest barrier to prior recognition of a role for 
calcium intake in body weight has been the lack of a con- 
ceptual framework in which to situate the effect or explain 
its operation, even when it might have been observed. M. B. 
Zemel (personal communication) has commented that, in his 
1990 study of hypertensive blacks (17), he observed substan- 
tial weight loss with calcium supplementation but did not 
report it because it did not seem to fit with what was known 
either about calcium metabolism or about obesity. However, 
the same investigator has recently shown that high blood 
PTH and 1,25(OH), vitamin D levels, as would be evoked by 
a low calcium diet, increase cytosolic [Ca2+] in human adi- 
pocytes in culture, switching their metabolism from lipolysis 
to lipogenesis (2,6-S). Furthermore, in mice expressing the 
agouti gene, high calcium diets raised core body temperature 
and reduced the body fat accumulation that accompanies a 
baryogenic diet (2,6). Conversely, low calcium diets resulted 
in lowered core body temperature and increased fat 
accumulation. 

A plausible background to these phenomena may be 
found in reflection on the fact that the primitive human diet 
would have been calcium rich, with calcium to energy ratios 
two to four times what modern humans ingest (18). High 
circulating PTH [and correspondingly elevated levels of 
1,25(OH)2 vitamin D] would have been experienced only 
Intermittently (i.e. at times of food shortage). Because a low 
calcium intake would have been tantamount to a low food 
intake, it may be that human physiology used the PTH and 
1,25(OH)2 vitamin D response evoked by low calcium intake 
to regulate its energy metabolism and thereby adapt to im- 
minent food shortage.‘Today, with calcium intake discon- 
nected from energy intake, the primitive energy-conserving 
response predisposes to weight gain. 

Zemel’s mouse model also presents a useful way of think- 
ing about the calcium effect. Briefly, full expression of obesity 
in the mouse requires a combination of the obesity gene, a 
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baryogenic diet, and low calcium intake. It is likely that some 
analogous combination is involved in the weight effects ob- 
served in humans (i.e. ready access to e2cess energy intake, 
low calcium intake, a genetic predisposition that impairs 
adipocyte regulation of cytosolic [Ca”], and perhaps other 
factors as well). 

It should be noted that, with the exception of the controlled 
trial, in which calcium carbonate was the calcium source, it 
cannot be unequivocally determined whether the effect 
noted in our studies was due to calcium per se or to other 
nutrients for which calcium was a fortuitous marker. The 
bulk of the calcium in the diets of those with higher intakes 
was from dairy sources, as would have been expected, and 
other coingested nutrients may well have been partly re- 
sponsible for the observed association, as in the DASH study 
(19). However, calcium itself, presumably through its effect 
on circulating PTH and 1,25(OH), vitamin D, would clearly 
seem to be involved, as both our controlled human trial and 
the animal data show. What cannot be excluded at this point 
is some additional effect produced by other unrecognized 
dietary elements. 

Finally, it may be worth noting the importance of main- 
taining a high calcium intake during attempts to lose or 
control weight. The tendency to eliminate milk from many 
reducing diets may be a partial reason for their frequent 
failure. 
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ABSTRACT 
This study examined the effects of increasing milk on bone and body composltlon 
responses to resistance training in adolescents. Twenty-eight boys (13 to 17 years 
of age) were randomly assigned to consume, in addition to their habitual diet, 3 
servings/day of 1% fluid milk (n= 14) or juice not fortified with calcium (n=14) 
while engaged in a U-week resistance-training program. For all subjects combined, 
there were significant (P-=.05) changes in height (+0.50/u), &even skin folds 
(-7.70/o), body mass (+2.6%), lean body mass (+5.10/o), fat mass (-9.3%), whole- 
body bone mineral content (+3.6%), bone mineral density (+ 1.8%)) and maximal 
strength in the squat (+43%) and bench press (+230/o). Compared with juice, the 
milk group had a significantly greater increase in bone minera density: (0.014 vs 
0.028 g/cm”). Increasing intake of milk in physically active adolescent boys may 
enhance bone health. JAm Diet Assoc. 200<3;103:1353-1356. 
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hanging beverage consumption pat- 
terns in children has contributed to 
poor calcium intake in addition to 

inadequate intake of several other nutri- 
ents (l-3) Over half of young adults con- 
sume cl serving of millz,‘day, well below 
the recommended 3 servings/day (4) 
with no trends of improved intake (5). 
The optImaI int,ake of dietary calcium 
needed for optimal bone mineral accrual 
durmg periods of rapid growth and phys- 
ical exercise 1s a debatable issue (6-8) A 
large body of literature has shown that 
both calcium and physical esercise have 
a favorable effect on bone In cross-sec- 
tlonal and placebo-controlled interven- 
tion studies, increasing calcium (either 
through fiLud milk or supplementation) 
in adolescents favorably affects the rate 
of bone mineral acquisition (9-15). Re- 
sistance training may also have a favor- 
able effect on bone because young male 
power lifters and Olympic lifters have 
significantly greater hone mineral den- 
sity (BMD) compared with age-matched 
controls (l&18), and resistance training 
is effective in improving muscle strength 
and muscle size in youth (19-23). The m- 
portance of weight-bearing exercise in op- 
timizing bone minera~ation 1s also becom- 
ing more apparent in adolescents (24). 
The primary purpcise of this study was to 
examine the effects of increasing milk 
consumption on bone health in response 
to resistance training in adolescent boys. 

METHODS 
A two-group prospective study designin- 
volving 12 weeks of resistance trammg 
was used to examine the effects of in- 
creasmg milk consumption on bone re- 
sponses in adolescent boys. Anthropo- 
metric measures, body composition, 
bone density, dietary intakes, and per- 
formance measures were assessed at 
zero, six, and 12 weeks. Allsubjects and a 
parent were informed of the purpose and 
possible risks of this investigation prior 
to signing an informed consent docu- 
ment approved by the Institutional Re- 
view Board. Subjects were excluded who 
consumed three servings (~236 mL) of 
fluid milk or ~1,500 mg calcium/day or 
met any of the following criteria: ex- 
treme dietary practices, history of lac- 
tose intolerance, goals of weight loss/ 
gain, use of nutritional supplements, and 
smoking. Maturity status was self re- 
ported (Tanner stage) by subjects rMth 
the help of their parent(s). We selected 
28 healthy boys (13 to 17 years of age) 
who, aft,er baseline testing, were matched 
on physical characteristics and perfor- 
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mitnce measures and then randomly as- 
signed to consume three servings (708 
mL or 24 oz) of 1% fluid milk (n=l4) or 
unfortified apple juice alternated with 
grape juice (n= 14) group. Milk and juice 
were provided to subjects weekly at their 
exercise training sessions and consumed 
in addition to their habitual diet. On ex- 
ercise days, two servings were consumed 
after the workout m the presence of a 
member of the investigative team, and 
the remaining serving was consumed at 
another time, which was recorded on log 
sheets. Subjects (and parents) were pro- 
vided with specific instructions for re- 
cording all foods/beverages consumed 
for a seven-day period at weeks one, six, 
and 12. All milk and juice intake was re- 
corded daily. Dietary information was 
analyzed using nutritional software (Nu- 
tritionist V, Version 2.3; N-Squared Com- 
puting, First Databank Division, The 
Hearst Corporation, San Bruno, C4). 

The resistance exercise program con- 
sisted of supervised one-hour exercise 
sessions three days/week (Monday, 
Wednesday, Friday) for 12 weeks. The 
program consisted of varying training 
loads within each week of trairung as well 
as increasing intensity with concomitant 
decreasirlg volume over the 12 weeks to 
optimize strength and power performance 
gain5 (25,26). Both groups exercised in 
the same factity at the same time(s) of day 
and utilized identical equipment, which 
consisted of a combination of free weights 
and Nautilus (Nautilus International, In- 
dependence, VA) exercise machines. 

Body mass was measured on an elec- 
tronic scale, and height was determined 
wit,h a wall-mounted stadiometer. Seven 
skin folds (triceps, subscapular, midaxil- 
lary, chest, suprailiac, abdomen, and 
thigh) and three circumference (upper 
arm, thigh, and chest) measurements were 
serially obtained in duplicate on the right 
side by the same investigator. A whole- 
body scan was performed using dual-en- 
ergy x-ray absorptiometry (DXA) with a 
t,otal body scanner (Prodigy; Lunar Corpo- 
ration, Madison, WI; Software version 
217.005) to detelrnine body composition 
BMD and bone mineral content @MC). 

After famiharization sessions, maximal 
lower and upper body strength were as- 
sessed using a squat and bench press ex- 
ercise. The squat was performed on a 
modified Smit.h machine as described 
previously (27) and the bench press us- 
ing a free-weight Olympic-style barbell. 
After two to three submaximal warm-up 
trials, the load was increased to a point at 
which the subject had three to four max- 
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Table 1 
Subject characteristics and daily intake of dietary nutrients in adolescents who increased 
either milk or juice intake 

Milk group Juice group D!W 

Mean-cSD % Mean-cSD % 

Age (Y) 14.7ki.7 14 020.7 
Height (cm) 166.9~15.0 171 828.2 
Weight (kg) 59.5zi4.a 656114.2 
Tanner stage 3.i3+0.9 4.0io.4 
Energy (kcal) 2,274_c491 13 2,5211515 14 
Protein (g) 100.6t18.5 24 87.0~33.2 0 
Protein (% energy) I 7.az2.0* 13.422 6 
Carbohydrate (g) 287.3?63.6* 12 365.3~58 9 24 
Carbohydrate (% energy) 49.9k4.5” 58.117.4 
Total fat (g) 84 0225.2 10 82.e28.4 0 
Total fat (% energy) 32.3’3.8’ 28.525 1 
Cholesterol (mg) 238560 12 2562109 0 
Fiber (g) a.722 4 lO.OZ4.1 
Vitamin A (RE) 1,113?228* 40 8532338 0 900 
Vitamin D (kg) 10.421 8* 74 35221 0 5 
Vitamin E (mg) 56285 2 9215 15 
Thlamin (mg) I a-co.4 1.8~0.5 1.2 
Riboflavin (mg) 3 0%0.5 2.2~0.6 13 
Nlacln (mg) 22.6~6.2 24.2ka 3 16 
Pyridoxlne (mg) i.a~o.6 1.8?0 7 1.3 
Vitamin B-12 (pg) 6 221.0 4.2~1.6 2.4 
Folate (pg) 2262109 2882198 400 
Vltamln C (mg) 68?28* 235cioa 75 
Calcium (mg) 1,723f274* 49 979k286 0 1,300 
Phosphorus (mg) I ,885*367* 1,336?421 1,250 
iron (mg) 13 923.3 16524.3 11 
Magnesium (mg) 288+50* 233ka2 410 
Potassium (mg) 3,191?604 36 2,774t783 30 

=Dietary Reference Intakes for calcium, phosphorus, magnesium, vitamin D, and flouride (1997); Dietary 
Reference Intakes for thlamlne, riboflavm, niacin, vttamin B-6, folate, Vitamin B-12, panothenic acid, 
biotin, and choline (1998); Dietary Reference Intakes for vltamln C, vitamin E, selenium, and carotenoids 
(2000); and Dietary Reference Intakes for vitamin A, vitamin K, arsenic, boron, chromium, copper, iodine, 
manganese, nickel, silicon, vanadium, and zinc (2001). Percentages refer to the amount of nutrient 
supplied by the additional 3 servings of milk or juice. Dietary values are mean of three, seven-day diet 
records obtained during weeks one, six, and 12 (21 days total). 
‘PC 05 vs corresponding value for the juice group. 



Table 2 
Total and regional body composition responses in adolescents who increased either milk or juice intake 

wk0 

Milk group Juice group P value 

wk6 wk 12 wk0 wk6 wk 12 Time Group Int. 

Body composition c 
EM (kg) 59.5+14.a 
% Fat 17.1?102 
LBM (kg) 47.2k14.1 
FM (kg) 9.8%5 3 

BMC (cd 

60.7+14.5 
15.9t10.3 
49.1214.2 

9.3a5.3 

Mean330 
60 6t14.1 656~14.2 
14.929.8 18.028.9 
49.6213.8 50.7c7 3 

8.7151 12.81-8.5 

> 
66.7~13 8 67.4t13.9 .ooo ,252 ,460 
16.5?8.1 16.6t8.5 ,000 761 ,121 
52.627.3 53.1 c7 5 .ooo 271 168 
11.817.9 12.0?8.2 000 ,412 ,970 

Arms 
Legs 
Trunk 
Ribs 
Pelvis 
Spine 
Whole body 

322~135 
1.022"356 

8132324 
2591-98 
3482154 
206175 
567~883 

3362138 3442139 
I,0372349 1,051t350 

8322310 846t309 
256~85 263288 
3602149 365~147 
216179 218277 

2,6151869 2,657?874 

340293 345288 
I,0772215 I,1001225 

7932211 8152194 
247273 257268 
345292 352288 
2011-49 206243 

2,591 t540 2.6392583 

360293 ,000 ,738 ,142 
1,107t225 ,000 ,605 ,537 

8182193 002 ,830 .794 
255270 ,230 ,836 192 
356~86 003 ,885 ,697 
207241 .OOl ,725 543 

2.667'525 ,000 ,945 ,729 

BMD (g/cm2) 
Arms 0.852iO.12 0.866r0.138 0.877tiO.138 0.853tQ.077 0.859~0.080 0.871-cO.077 ,000 ,930 ,365 
Legs 1.28910.237 1.31520242 1.3231rO.242 1.283t0.110 1.2981-0.114 1.29720.109 ,000 ,818 ,104 
Trunk 0.91710.157 0.932rto 157 0.948?0.156 0.917cO.089 0.920~0.092 0.933%0.080 ,000 ,849 ,096 
Ribs 0.698cO.084 0.703r0.085 0.715CO.086 0.690t0.065 0.698-tO.061 0.696-tO.054 007 ,618 ,352 
Pelvis 1.165r0.227 1.185t0.218 1.215-r-0.224 1.178*0.134 1.1971t1.138 1.207r0.129 .ooo 938 157 
Spine 0.961t0.202 0.971 LO.1 90 0.984t0.189 0.939~0.103 0.94420.116 0 960r0.103 003 .684 ,899 
Whole bodya 1.126Ll.167 1.142t0.171 1.154t0.172 1.111~0.089 1.117-co.o95 1.12520 087 ,000 ,656 017 

BM=body mass, LBM=soft-tissue lean body mass, FM=fat mass, BMC=bone mIneral content, BMD=bone mineral density, Int =Interaction (groupxtlme). 
"Significant interaction (group x time) effect for whole-body BMD 

imal efforts to determine the one repeti- 
tion ma~ximum. Adequate rest was al- 
lowed between trials (3 to 5 minutes). 

Dependent variables were analyzed us- 
ing a two-way analysis of variance 
(ANOVA) with group as a between and 
time (pre, mid, andpost) asawithinfactor. 
Slgni%zant main effects or interactions 
were further analyzed using a Fisher LSD 
post hoc test. Differences in dietary nutri- 
ents between milk and juice groups were 
analyzed using independent t tests. Rela- 
tionships among dietary nutrients and the 
changes in bone measures were examined 
using Pearson’s product-moment correla- 
tion coefficients. Statistical power ranged 
from 0.80 to 0.85 at the P value selected to 
establish significance in this study (.05). 

RESULTS 
Compared with the juice group, the milk 
group had significant1.y higher intakes of 
protein, fat, vitamins A and D, riboflavin, 
calcium, phosphorus, and magnesium 
and lower intakes of carbohydrate and 
vitamin C: (Table 1). There were signifi- 
cant main time effects for height (+0.8 
cm), biceps circumference (0.8 cm), and 
&kin folds (-9 mm). There were signif- 
icant main time effects but no group ef- 
fects for all measures of body composi- 
tion, bone, and maximal strength. The only 
variable that changed differently between 
the milk and juice groups was whole-body 

BMD as indicated by a sign%cant group X 
tune interaction effect (Table 2). The milk 
group had a two-fold greater increase than 
the juice group (0.028 vs 0.014 g/cm', re- 
spectively). As a group, there was a signif- 
icant relationship between vitamin D in- 
take and the absolute change in BMC 
(r=0.38). No significant relations were 
observed among nutrient intakes and 
changes in bone (data not shown). 

the milk vs the juice group (0.028 and 
0.014 g/en?, respectively). Because a con- 
trol “non-training” group was not included, 
we cannot comment on the importance 
of resistance training in contributing to 
this favorable effect of milk on bone. 

Maximal strength significantly in- 
creased in both groups after six weeks, and 
there was a further increase at week 12. 
Squat strength at weeks z&o, six, and 12 
was 69.41-26.6, 76.7224.6, and 91.6225.2, 
respectively, in the milk group and 
61.6i10.8, 71.5r11.8, and 94.7k14.6, 
respectively, in the juice group. Bench 
press strength was 48.5?20.4,53.6tl9.8, 
59.6” 19.0, respectively, in the milk group 
nnd48.5?9.3,52.8t9.3,and59.9?9& re- 
spectively, in the juice group. 

A primary finding was 
that 12 weeks of 

resistance training 
increased whole-body 

BMD to a greater extent 
in boys who added to 

their diet three 
additional servings of 

milk/day compared with 
a juice group 

DISCUSSION 
This was the first study to esamine the Cross-sectional data indicate that 
effect of increasing milk and juice con- competitive adolescent weightlifters 
sumption during resistance training in have Increased BMC and BMD well above 
adolescent boys. A primary finding was age-matched controls (16-l 8). Rlimkle 
that 12 weeks of resistance training in- and colleagues (28) examined the ef- 
creased whole-body BMD to a greater fects of a 26-week resistance-training 
extent in boys who added to their diet program on bone in postmenarcheal ad- 
three additional servings of milk/day olescent girls. Although there were no 
compared with a juice group. The in- statistically significant increases in BMC 
crease in BMD was two-fold greater in and BMD after 26 weeks of training, the 
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changes tended to be greater in the girls 
who trained compared with a control 
group who did not train. In the present 
study, we observed significant increases 
in both BMC and BMD in response to a 
much shorter resistance-training pro- 
gram (12 vs 26 weeks, respectively). 

The most likely reason for the greater 
whole-body BMD response is the addi- 
tional calcium and/or vitamin D consumed 
by the milk group. In cross-sectional stud- 
ies, calcmm intake is positively related to 
BMD in both adolescent boys (29) and girls 
(30,31). Randomized, placebo-controlled, 
intervention studies in adolescents also in- 
dicate a positive effect of calcium or milk 
supplementation on the rate of bone min- 
eralacquisition (S-15). Althoughvitamin D 
has an important role in bone mineraliza- 
hon and calcium homeostasis, there are 
limited data on how vitanun D intakes af- 
fect bone status in adolescents. A recent 
study reported that vitamin D intakes in 
females during adolescence and young 
adulthood showed the most consistent 
positive associations with BMD measured 
at young adulthood (32). 

The most likely reason 
for the greater whole- 

body BMD response is 
the additional calcium 

and/or vitamin D 
consumed by the milk 

group 

These significant increases in maximal 
strength were similar to gains observed 
in prior studies (19-23). These data indi- 
cate that additional milk does not pro- 
vide an advantage over juice m terms of 
augmenting maximal force production, 

= Increasing milk vs juice intake resulted 
in significantly greater increases in 
whole-body BMD, emphasizing the po- 
tential importance of calcium and per- 
haps other nutrients in milk in optimizing 
bone development in physically active 
adolescent boys. The physiologic impor- 
tance of these changes later in life cannot 
be determined from this study but could 
protect against risk of osteoporosis and 

fracture in susceptible individuals (33). 
These data indicate that adequate milk 
intake should be encouraged and be part 
of nutritional education messages targeted 
to young persons and their parents. 
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Abstract # 2277 

Higher dairy intake is associated with lower 
body fat during adolescence. 

R. Novotny, S. Acharya, JS. Grove, Y.G. Daida and TM. Vogt. 
Univ. of Hawaii at Manoa and Kaiser Permanente Clin. Res. Ctr., Honolulu. 

Due to the increasing prevalence of overweight adolescents in the US, it IS 

imperative to identify life style factors that could help maintain body fat and 

weight in this group. The purpose of this study was to examine factors 

influencing body fat and weight. Three hundred and twenty three girls, nine to 

14 years, were selected from all age eligible girls at Kaiser Permanente Oahu. 

Girls’ age, ethnicity and levels of physical activity were obtained by 

questionnaire. Anthropometry was obtained by measurement. The mean age, 

weight and iliac skinfold thickness of girls was 11.5 f 1.4 years, 98.1 & 28.5 

Ibs and 12.4 f 6.1 mm, respectively. In multiple regression analysis adjusted 

for ethnicity, 17.2% of the variation in iliac skinfold thickness was negatively 

explained by dairy intake, age, and physical activity; height, breast Tanner 

staging and calorie intake were positively associated with iliac skinfold 

thickness. A model replacing only dairy intake with mean calcium intake and 

with all the same independent variables in the model explained 15.3% of the 

variation in iliac skinfold thickness. A similar trend was observed when iliac 

skinfold thickness was replaced with body weight as the dependent variable in 

the regression analysis. These findings suggest that dairy and calcium may be 

focal food groups and nutrients in maintaining body fat and weight during 

adolescence, [Supported by USDA, Grant # 9900700]. 

Copyright 0 2003 Experimental Biology 2003 - Translating the Genome. All rights reserved. 
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Dairy food consumption Andy body weight and fatness 
studied longitudinally over the adolescent period 
SM Phillips’, LG Bandinizj314, H Cyr3, S Colclough-Douglas”, E Naumova’ and A Mustlf5* 

‘Department of Family Medicine and Community Health, Tufts University School of Medicine, Boston, MA, USA; ‘Department of 
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Cambridge, MA, USA; 4Eunice Kennedy Shriver Center, University of Massachusetts Medical School, Waltham, MA, USA; and 
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OBJECTIVE: Although research suggests that adolescents, particularly girls, may avoid dairy products due to concerns that these 
foods are ‘fattening,’ the longitudinal relation between consumption of dairy foods and relative weight status during 
adolescence has not been explored. Using data from the MIT Growth and Development Study, a longitudinal study designed to 
assess the metabolic, dietary, and behavioral factors that predict changes in body composition with growth and development in 
girls during the adolescent period, the current analysis was undertaken to examine the relation of dairy food intake with relative 
weight status and percentage body fat (%BF). 
SUBJECTS: A total of 196 nonobese premenarcheal girls 8-12~ old were enrolled between 1990 and 1993. Girls were followed 
until 4y postmenarche. 
MEASUREMENTS: At each annual follow-up visit, data were collected on %BF by BIA, body mass index (BMI) z-score, and 
dietary intake (assessed by FFQ). The present analysis is limited to the 178 girls who have at least three annual visits and who 
have valid anthropometric and food frequency data. In all, 1198 individual measurements were analyzed. 
RESULTS: At study entry, participants had a mean (s.d.) BMI z-score of -0.27 (0.89), a mean (s.d.) %BF of 23.4 (4.7), and 
obtained 19.9% (9.2) of daily calories from dairy foods. Linear mixed effects modeling indicated no relationship between BMI 
z-score or %BF and measures of dairy food or calcium consumption. 
CONCLUSION: Avoidance of dairy foods due to a possible association with relative body weight is not supported by these 
findings. We find no evidence that dairy food consumption is associated with BMI z-score or %BF during adolescence, but 
further research specifically designed to address this question is needed. 
international journal of Obesity (2003) 27, 1106-l 113. doi:10.1038/sj.ijo.0802370 

Keywords: dairy; calcium; adolescence; longitudinal analysis; body composition 

Introduction 
The attainment of an optimal peak bone mass during 
adolescence is important for the prevention of osteoporosis 
later in life. Studies in children and adolescents have shown 
that calcium consumption, in the form of supplements and 
as dairy foods, positively influences bone mass, making it an 
important modifiable risk factor.lA Although dairy foods 
provide the majority of calcium in the diets of children and 
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adolescents,‘-* inadequate calcium intake among American 
youth has been well documented.6’v*‘0 An analysis of dietary 
data from four US Department of Agriculture (USDA) surveys 
showed that calcium consumption among 11-18~ olds 
decreased sigmficantly from 11OOmg in 1965 to 960mg in 
1994-1996.‘1 Several factors may explain the decrease in 
calcium intake among children, chief among them a decline 
in milk consumption, an increase in juice and soda 
consumption, and an increase in the number of meals 
children eat away from home, which is of concern because 
the calcium density of restaurant or fast food meals is lower 
than for home-prepared foods.” 

The increasing prevalence of unhealthful dieting practices 
may also adversely affect dairy food consumption, especially 
among adolescent girls. 13-15 Research indicates that adoles- 
cents may reduce dairy food consumption due to fears about 
weight gain and misperceptions that milk and other dairy 
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versary of their baseline visit, participants returned for 
measurements every year until 4y postmenarche (study 
exit). If girls had not started menses at their annual visit, 
they were encouraged to telephone when they experienced 
their first menstrual period. Because most girls did not call, 
they were queried regarding menarche at each follow-up visit 
until menarche was reported. The study was approved by the 
Committee on the Use of Humans as Experimental Subjects 
at MIT and by the Human Investigations Review Committee 
of the New England Medical Center. 

foods are fattening.*“‘i”i’ Teenage girls have cited losing 
weight as a reason for reducing dairy food consumption.” 

In contrast to the notion held among adolescent girls that 
dairy foods will cause weight gain, recent research suggests 
an inverse relation of dairy food and calcium consumption 
with weight or fatness measures. Cross-sectional analyses 
conducted among adults have shown that calcium intake is a 
significant negative predictor of BMI and percent body fat 
(%BF).“-‘* Longitudinal analyses conducted in adults have 
shown that increased levels of calcium or dairy foods are 
negatively associated with changes in body weight.z193 
Among children, a study of the relation between nutrient 
intake and body composition in preschool children found 
that calcium and dairy food consumption were significant 
negative predictors of %BF.‘” In vitro and animal studies have 
led to the development of a proposed mechanism by which 
calcium might affect the regulation of body weight. These 
laboratory data suggest that increasing dietary calcium may 
lessen diet-induced adiposity by modulating adipocyte 
intracellular Ca2+ and thereby regulating lipogenesis and 
lipolysis.20 

Although a few prior studies report the use of longitudinal 
study designs, change in body composition measures was 
typically assessed using a simple pre/postcomparison, which 
fails to give a complete description of the pattern of change 
over time. Longitudinally collected data requires special 
techniques for analysis because observational studies often 
have unbalanced designs and/or missing data, and because 
repeated measurements taken on the same individual are 
correlated with each other. The objective of this analysis was 
to examine the relation of dairy food consumption with 
changes in weight status and body fat in girls from 
preadolescence through adolescence, using annual data from 
a 10-y longitudinal study of growth and development in 
girls. Our  hypothesis was that consumption of dairy foods 
would not be associated with either increases or decreases in 
body weight over the adolescent period. 

Methods 
Study sample 
The data for this analysis derive from the Massachusetts 
Institute of Technology (MIT) Growth and Development 
Study, a prospective study designed to examine the relation 
of energy expenditure to growth and development in girls 
from preadolescence to adolescence. Girls (n = 196) were 
recruited between the fall of 1990 and the spring of 1993 
from public schools in Cambridge and Somerville, Massa- 
chusetts, the MIT summer day camp, as well as through 
contact with family and friends of faculty. At study entry 
(baseline), all girls were between 8 and 12~ old, preme- 
narcheal, and nonobese based on a triceps skinfold thickness 
(TSF) 185th percentile for age and sex according to NHANES 
I.*’ All participants were in good health as assessed by 
physical examination and medical histories. On the anni- 

Dietary assessment 
All participants completed a Willett semiquantitative food 
frequency questionnaire (FFQ) at each annual follow-up 
visit. The questionnaire was specially designed for children 
based on a validated semiquantitative FFQ for adults. Similar 
to the adult version, the questionnaire was designed to be 
self-administered; however, participants were given verbal 
and/or written instructions on how to properly complete the 
forms. The 116-item FFQ was based on recall of diet in the 
past year. Dairy food categories as listed on the FFQ included 
skim/low-fat milk, whole milk, cream, sherbert or ice milk, 
ice cream, ice cream sundaes, milkshakes, yogurt, cottage or 
ricotta cheese, cream cheese, and other cheeses (e.g. Amer- 
ican, Cheddar, etc). The individual dairy foods were 
classified into categories for further analyses: (1) low-fat 
dairy (skim milk, yogurt, cottage cheese, ice milkisherbert); 
and (2) full-fat dairy (whole milk, cream, ice cream, sundaes, 
cheese, cream cheese and milkshakes). Pizza was not 
considered in our analysis of daily servings of dairy or 
percentage of daily kilocalories from dairy foods, but it was 
included in our analysis of dairy calcium. Serving sizes were 
of natural units or typical servings sizes. When completing 
the FFQ’s, participants indicated how often, on average, they 
had consumed the amount of each food item in the past 
year. The nine response categories available ranged from 
‘never or less than 1 per month’ to ‘6 or more per day’. 

The food composition database used to calculate levels of 
intake for calories and nutrients was based on publications 
from the USDA, laboratories, and manufacturers. Calories 
and nutrient intakes were calculated by multiplying the 
frequency of consumption by the nutrient composition for 
the portion size for each specific food listed. Calories and 
nutrients were then summed across all foods to obtain total 
levels of all calories and nutrients for each individual. 
Servings of specific dairy foods were converted into daily 
servings and total daily servings of dairy foods was calculated 
by summing across all dairy foods. The percent of daily 
kilocalories from dairy foods was calculated by adding the 
calories from each individual dairy food and dividing by 
total daily kilocalories. Calcium from dairy foods was 
calculated by adding the amount of calcium from each 
individual dairy food. 

Other analyses conducted in this cohort indicate that the 
FFQ provides a reasonable estimate of dairy intake. We found 
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that dairy food consumption estimated from the FFQ 
correlated well with dairy food consumption reported on 
7-day diet records at baseline and study exit (Spearmans’ R at 
study exit for skim milk = 0.68; whole milk=O.SO; 
cheese =0.49; ice cream = 0.43; correlation is between FFQ 
estimate and diet record estimate, unpublished observa- 
tions). 

Anthropometry 
At each annual follow-up visit, height and body weight were 
measured in the morning. Height was measured to O.lcm 
with a wall-mounted stadiometer. Weight was measured in a 
hospital gown using a Seca scale accurate to 0.1 kg. Body 
mass index (BMI) was calculated as weight in kilograms/ 
height in meters squared. BMI z-score was calculated using 
the revised Centers for Disease Control and Prevention 
(CDC) growth reference standards.z6 Bioelectrical impedance 
analysis (BIA) was used to measure resistance (R) and 
reactance after an overnight fast or Z-h postprandial 
(Bioelectrical impedance analyzer, BIA 101, RJL Systems, 
Clinton Township, MI, USA). The accuracy of the machine 
was checked before the measurement with a SOOR resistor 
supplied by the manufacturer. Measurements were taken 
with the subject supine and electrodes were then placed on 
the dorsal surface of the right foot and ankle, and right wrist 
and hand. A current was applied at a frequency of 50 kHz. 
Percentage body fat (%BF) was estimated using prediction 
equations developed in this cohort, using measures of total 
body water (TBW) by isotopic dilution of Hzl’O as the 
criterion method. Separate equations were used depending 
on the menarcheal status of the participant. We found that 
%BF estimated from our equation closely approximates %BF 
estimated by Hz *a0 in our cohort.” 

Physical activity and inactivity measures 
Participants completed a questionnaire at each annual 
follow-up visit designed to identify usual patterns of physical 
activity. Participants were presented with two 24-h time- 
tables (school day and weekend day) and asked to recall, on 
an hourly basis, their participation in five types of activities 
during each time block: sleeping or lying down, sitting, 
standing, walking, vigorous activity (exercising, playing, or 
being involved in sports). In addition, participants com- 
pleted a similar grid on which they reported, on an hourly 
basis, television viewing time (including time spent watch- 
ing videos or playing video games). The average daily time 
spent in each activity was computed as a weighted average of 
the school day and weekend day reports. Average daily time 
spent walking and in vigorous activity were combined and 
weighted by their intensity (using an MET value) to create an 
activity index, which was calculated as Z.S*walk+S.S*vigor- 
ous. Average daily time spent sleeping or lying down, sitting, 
and standing were combined and weighted by their intensity 
(using an MET value) to create an inactivity index, which 

was calculated as lS*sit+lS*stand+l.O*sleep. Information 
0” the reliability of this physical activity assessment protocol 
has been published elsewhere.‘a In this cohort, the correla- 
tion between baseline nonresting energy expenditure and 
baseline physical activity index was 0.29. 

Analysis 
Dietary variables 
The exposure of interest was dairy food intake, which was 
expressed m  several different ways. First, total dairy food 
consumption was assessed using the following variables: (1) 
daily servmgs of dairy foods; (2) percentage of dally 
kilocalones from dairy foods; and (3) daily calcium (mg) 
frbm dairy foods. In addition, we also considered the 
percentage of calories from low-fat dairy foods and the 
percentage of calories from full-fat dairy foods. To better 
approximate normality, we took the natural log of dairy food 
servings and the square root of calcium (mg) from dairy 
foods. These transformed variables were used in all analyses. 
In our analysis of the percentage of daily calories from low- 
fat dairy, quartiles of consumption were used because the 
data exhibited significant non-normality. 

Data exclusions 
Dietary exclusion criteria were used to omit annual visits 
when participants left more than 12 items blank on the FFQ 
or when daily energy intake was less than 500 kcal or greater 
than 5000 kcal as calculated from the FFQ. In addition, 
participants with less than three annual visits were excluded. 
Therefore, this analysis includes data from 178 (91%) 
participants, representing 1198 data points, with an average 
of 6.7 measurements per girl. 

Statistical analysis 
Paired t-tests were used in the simple comparison of changes 
between baseline and exit. Generalized additive modeling 
(GAM) was used to visualize the relation between BMI z- 
score or %BF and our exposure measures. Although this 
technique ignores the correlation structure in repeated 
measurements, these plots allow one to visualize the general 
pattern of the relation and to assess the appropriateness of a 
linear model. GAM models were run separately for each 
outcome and predictor (data not shown). 

Linear mixed effects modeling (LME) was used to evaluate 
the longitudinal relation between relative body weight or 
body fatness and dairy food consumption. .4s we had two 
outcomes (BMI z-score and %BF) and five exposure variables 
(daily servings of dairy food, percent daily calories from dairy 
foods, dairy calcium, percentage of calories from low-fat 
dairy, and percentage of calories from full-fat dairy), 10 
separate LME models were evaluated. The applied mixed 
effects model consists of two parts: fixed and random effects. 
Fixed effects describe a population intercept and population 
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slopes for a set of considered covariates, which include 
exposures and confounders. Random effects describe indivi- 
dual variability in the outcome and changes over time. By 
considering individual random slopes and intercepts, this 
model allows us to examine the influence of covariates on 
the change in outcome over time. The LME model also 
accounts for the correlation between repeated measurements 
on the same subject and the different numbers of measure- 
ments per subject. 

To control for possible confounders in the relation 
between either %BF or BMI z-score and the measures of 
dairy food consumption, the following strategy was used. 
Longitudinal models were evaluated to determine which 
potential covariates were significant predictors of both dairy 
food consumption and either %BF or BMI z-score. The 
following variables were considered: physical activity index, 
inactivity index, parental overweight (defined as at least one 
parent with a BMI >25), race/ethnicity (coded as two 
dummy variables for black individuals and ‘other’ with 
white individuals as the reference category), daily servings of 
fruits and vegetables, percentage of daily calories from sugar- 
sweetened soda, percentage of daily calories from snack 
foods, percentage of daily calories from protein, percentage 
of daily calories from carbohydrates, and percentage of daily 
calories from fat. For models with BMI z-score as the 
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outcome variable, age was expressed as chronological age; 
for models with %BF age was expressed relative to age at 
menarche.” With the exception of age and parental over- 
weight, we included as covariates only those variables that 
were significant predictors of both the exposure and the 
outcome. This approach allows us to maximize the number 
of covariates and avoid the risk of overparamaterizing the 
model. Parental overweight was included in all models due 
to its strong longitudinal relation with BMI z-score and %BF. 
Data were analyzed using SAS (Version 8.0, SAS Institute, 
Cary, NC, USA) and S-PLUS (Version 4.5, MathSoft Inc., 
Seattle, WA, USA). Alpha was set at 0.05 for all analyses. 

Results 
Characteristics of study sample 
Characteristics of the cohort at baseline and study exit are 
shown in Table 1. The cohort was predominantly white 
(74%) with an average age of about 10~ at baseline. The 
mean (s.d.) BMI z-score was -0.27 (0.89) at baseline, 
reflecting the study entry criteria. Significant increases in 
%BF and BMI z-score were observed between study entry and 
study exit. The correlation between BMI z-score and %BF was 
0.75 (over all available time points). At baseline, the mean 

Table 1 Characteristics of the cohort at study entry and 4-y post menarche (study exit) 

Characteristic 

Study entry (n = 7 66) Study exft (n = 74 7) 

Mean (s.d.) Medun Mean (s. d.) Median 

Porred comparison (n = 7 32) 

P-value 

Outcomes 
BMI z-score 
%  body fat by BIA 

-0.27 (0.89) -0.25 0.02 (0.79) 0.07 <O.OOl 
23.4 (4.7) 23.1 27.6 (3.8) 27.8 <O.OOl 

Dwy food consumption 
Dairy foods (serviday) 
%  dally kcal from dairy foods 
Dairy cahum (mg) 
%  dally kcal from low-fat dairy’ 
%  dally kcal from full-fat dairy 
%  daily kcal from mIlka 
%  dally kcal from cheesea 
%  dally kcal from yogurt’ 
%  dally kcal from ice cream” 

3.1 (1.6) 
19.9 (9.2) 

808 (400) 
9.2 (7.9) 

10.7 (8.8) 
11.6 (8.0) 

3.2 (2.9) 
1.5 (2.0) 
3.6 (3.8) 

2.9 2.6 (1.6) 2.4 0.02 
18.9 18.8 (8.8) 19.0 0.37 

827 659 (432) 549 io.001 
7.1 10 5 (8.5) 8.5 0.13 
8.1 8.3 (5 7) 7.2 0.13 

10.1 a.7 (7.7) 6.8 <O.OOl 
2.5 4.0 (3.0) 3.4 0.002 
0.99 2.8 (4.0) 1.3 < 0.001 
2.9 3.1 (3.2) 2.5 0.14 

Covarrotes 
Age (Y) 
TV (h/day) 
Activity index 
Inactivity index 
Dally kilocalories 
Daily servings of fruits and vegetables 
%  of daily calories from soda’ 
% calories from fat 
%  calones from protem 
% calories from carbohydrates 

10.0 (0.93) 10.0 16.9 (1 .O) 17.0 < 0.001 
3.5 (2.5) 3.0 1.8 (1.5) 1.4 < 0.001 

15.2 (6.8) 14.7 10.6 (6.2) 9.7 < 0.001 
24.4 (2.3) 24.3 25.9 (2.6) 26.4 <O.OOl 
2021 (669) 1933 1723 (655) 1640 <O.OOl 
5.3 (3.1) 4.6 4.8 (2.6) 4.4 0.10 
2.7 (3.9) 1.6 4.0 (4.6) 2.5 0.002 

30.1 (5.3) 30.5 27.9 (6.2) 27.6 (0.001 
15.6 (3.0) 15.6 16.3 (3.4) 16.4 0.04 
56.3 (7.1) 55.8 57.6 (8.2) 57.7 0.08 

aPalred comparison based on nonparametrlc Wilcoxon signed rank test. 
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(s.d.) number of dairy food servings was 3.1 (1.6) servings 
and the percentage of daily kilocalories from dairy foods was 
19.9% (9.2). Daily servings of dairy foods and calcium from 
dairy foods decreased significantly between baseline and 
study exit. At each cross-sectional age from age 9 to 16y, 
milk contributed approximately 50% of total servings of 
dairy foods. The contribution from skim milk remained 
relatively constant at each age while the contribution from 
whole milk decreased substantially with age (data not 
shown). 

Longitudinal analyses 
Dairy food consumption and age. Our longitudinal models 
of the relation between dairy food consumption and age 
indicate a significant decrease in dairy food consumption 
with increasing age. Each of our four measures of dairy food 
consumption decreased significantly over time. For example, 
based on the slope and intercept from our LME model, over a 
6-y period between the ages of 10 and 16, daily servings of 
dairy foods would decrease by about 15%, or approximately 
half of a serving (intercept= 1.54; slope of log(dairy)= 
-0.02, PcO.001). Over the same time period, percent 
of daily calories from dairy foods would decrease by 
1.6% on average (intercept = 22.5; slope of %  kcal from 
dairy = -0.28). 

Table 2 Results from linear mlxed models predicting i3Ml z-score from dairy 
food and calcium consumption 

Estrmate P-value 

Model 1’ 
Intercept -1.3 <O.OOl 
Age 0.05 <O.OOl 
Log dally servings of dairy food 0.017 0.65 

Model 2” 
Intercept -1.3 <O.OOl 
Age 0.05 10.001 
%  daily kcal from dairy food 0.0008 0.65 

Model 3b 
Intercept -0.54 < 0.001 
Age 0.05 < 0.0001 
Square root dairy calcium 0.0017 0.44 

Mode/ 4’ 
Intercept -1.3 <O.OOl 
Age 0.05 <O.OOl 
Log %  calories from full-fat dairy -0.007 0.76 

Mode/ 5’ 
Intercept -1.3 < 0.001 
Age 0.05 <O.OOl 
Quartile of %  calones from low-fat dairy -0.005 0.74 

aAdjusted for dally setvlngs of fruits and vegetables, quartile of percentage 
calories from soda, percentage of calories from protein, and parental 
overweight, bAdjusted for dally servings of fruits and vegetables, quartile of 
percentage calories from soda, grams of protem, daily kilocalories, and 
parental overweight, ‘Adjusted for quartile of percentage calories from soda, 
grams of protein, dally kilocalories, and parental overweight. 

Table 3 Results from lmear mtxed model predtctcng %BF from various 
measures of dairy food and calcium consumption 

Estimate P-vaiue 

Model la 
‘Intercept 
Age relative to menarche 
Log daily servings of dally food 

Model Zb 
Intercept 
Age relative to menarche 
%  daily kcal from dairy food 

Model 3’ 
Intercept 
Age relative to menarche 
Square root dairy calcium 

23.7 <O.OOl 
0.54 < 0.001 
0.18 0.51 

23.3 <O.OOl 
0.58 <O.OOl 
0.013 0.32 

28.8 <O.OOl 
0.55 <O.OOl 
0.026 0.13 

Model 4b 
Intercept 
Me 
Log %  Calories from full-fat dairy 

Model 5” 
Intercept 
Age 
QuartlIe of %  calories from low-fat dairy 

23.0 <O.OOl 
0.57 <O.OOl 
0.19 0.23 

23.9 < 0.001 
0.55 < 0.001 
0.07 0.57 

“Adjusted for physical actwlty Index, percentage of daily calones from protem, 
and parental overweight, bAdjusted for percentage of dally calories from 
protein, and parental overweight, ‘Adjusted for physical actwty Index, grams 
of protein, dally kilocalories, and parental overweIght. 

Relation between dairy food consumption and changes in 
BMI z-score. After adjusting for covariates, we found no 
statistically significant relation of dairy food consumption, 
expressed as servings per day, percent of daily calories, or 
calcium from dairy foods, with BMI z-score (Table 2). In 
addition, no significant relation between the percentage of 
calories from low- or full-fat dairy and BMI z-score was 
observed (Table 2). 

Relation between dairy food consumption and changes in 
%BF. There was no significant relation between daily 
servings of dairy foods or percentage of daily calories from 
dairy foods and %BF (Table 3). In addition, no significant 
relation between the percentage of calories from low- or full- 
fat dairy and %BF was observed (Table 3). 

Discussion 
The role of dairy food and calcium consumption in relation 
to weight control has received increased attention in the 
scientific and popular press. Our data do not support the 
hypothesis that a higher intake of dairy foods influences 
body weight or fatness changes during adolescence. Using 
longitudinal data collected annually over a 10-y period, we 
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observed no significant relation between dairy food intake 
and changes in BMI z-score or %BF over the adolescent 
period. 

To our knowledge, this 1s the first truly longitudinal 
analysis of the relation between dairy food consumption and 
body weight status conducted in children to date. Other 
studies have generally shown either an inverse relation of 
dairy or calcium consumption with measures of body fatness 
and weight or no effect of dairy or calcium consumption. 
There is considerable heterogeneity among the studies 
published in this area thus far. Different methodologies used 
to assess body composition (DEXA vs BIA) and dietary intake 
(diet record, diet recall, and FFQ may explain discrepancies 
among studies. In addition to heterogeneity in the assess- 
ment of dietary intake and body composition, studies vary in 
the number and type of variables used as covariates. For 
example, there is an inconsistent expression of calcium 
intake across published reports. It has been expressed as 
ener,v-adlusted calcium (Ca (mg)/daily calories),” protein- 
adjusted calcium,21 and as a separate variable with energy 
intake included in the model as a covariate.” In addition, 
studies vary in the extent to which other dietary covariates 
are included in regression models. 

Observational studies in children have reported significant 
inverse relations of dairy and calcium consumption with 
measures of body composition. Carruth and Skinnerz4 
conducted an analysis of longitudinal intakes (24-60 
months) of dairy and calcium intake in relation to body 
fatness at 70 months in 53 preschool children. They 
concluded that calcium and dairy food consumption, 
expressed as calcium equivalents, were significant negative 
predictors of %BF and fat mass. In their analysis, however, 
intake was expressed as an average of the intakes at selected 
time points, rather than considering the pattern of change 
over time. Furthermore, their models, using %BF and fat 
mass as outcomes, were adjusted for BMI; the rationale for 
this choice is not clear, and would seem to make their results 
difficult to interpret. A case-control study of the predictors 
of obesity among 7 to ll-y-old Puerto Rican children 
observed that obese girls currently consumed fewer dairy 
foods than control girls, although the association was of 
borderline statistical significance (P= 0.054) and no relation 
was observed among boys.30 

The relation between dairy food consumption and body 
weight or fatness has also been examined with experimental 
designs, with varied results. In a randomized controlled trial 
(RCT) to evaluate the effects of dairy foods on bone and body 
composition in 48 pubertal girls, Chan et al” observed no 
significant differences between the groups in %BF or body 
weight after 12 months of follow-up. Results of another 
study by Chan et al (published only in abstract format) 
indicated that when 50 children aged 2-8 y with low calcium 
intakes (i800mg daily) were assigned to either a dairy 
supplemented group or a control group for 6 months, 
children in the control group gained body fat during the 
study, while children in the dairy group had no significant 
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change in body fat.31 In a randomized open trial of milk 
intake on energy and nutrient intake and body weight 
among older adults, subjects in the milk group gained 0.6 kg 
more than the control group (P<O.Ol). The authors 
hypothesized that the weight gain may have been due in 
part to the timing of the study, as subjects were enrolled in 
the study during the fall and wmter.32 A 16-week rando- 
mized trial in which obese patients were asslgned to a 
control diet (800 kcal), an isoenergetlc diet of milk only, or 
milk plus one designated food only, those on the milk-only 
diet lost more weight than patients on the milk plus food 
diet, and significantly more weight than patients on the 
control diet. The authors hypothesize that the weight loss 
effect of the milk-only diet may be due to its novelty.33 
Although an experimental design is optimal for isolating the 
effects of dairy or calcium on body weight regulation, such 
studies may not provide defimtive evidence if they are 
conducted over a short period of time. 

In a prospective cohort analysis to examine the association 
between dairy food intake and insulin resistance syndrome 
(IRS) among 3157 young adults, researchers found an inverse 
association between the development of obesity 
(BMI 2 30 kg/m’) and dairy food intake among those who 
were overweight at baseline (BMIy25 kg/m2).23 In another 
prospective analysis, Lin et a1” conducted a secondary 
analysis in 54 young women aged 18-31 y who were 
participating in a 2-y exercise intervention?’ They found 
that intake of calcium (adjusted for daily calories) and 
vitamin A predicted changes in body weight and %BF (at 
2 y); the coefficient of calcium was negative and the 
coefficient of vitamin A was positive. In addition, they 
observed an interaction between calcium and energy intake 
such that calcium predicted change in body weight only at 
lower energy intakes.” Because their analysis used a calcium 
intake that was averaged across all diet records, the pattern of 
calcium intake in relation to body composition change is not 
elucidated. 

Finally, Davies et a!” re-evaluated data from five clinical 
studies with a primary skeletal endpoint to explore associa- 
tions between calcium and body weight. In two cross- 
sectional studies, they found a negative association between 
BMI and calcium intake, where calcium intake was expressed 
as a calcium-to-protein ratio. In two longitudinal studies 
with weight change as the outcome, they observed no 
significant effect when the studies were evaluated separately; 
when they were combined, however, there was a significant 
inverse relation between calcium and change in body 
weight.‘l 

We believe our approach has several strengths. Our 
analysis relies on a large number of annual measurements 
taken repeatedly over the adolescent period. The analytic 
approach selected allows us to capitalize on the richness of 
these data by characterizing individual variation relatlye 
to the population mean while taking into account the 
correlation between repeated measurements on the same 
subject and different numbers of measurements per subject. 
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Furthermore, additional analyses conducted in this cohort 
indicate that both the FFQ and BIA provide good estimates of 
dairy intake and percent body fat, respectively (see Meth- 
ods). Percentage body fat was estimated using a prediction 
equation developed in this cohort, using measures of TBW 
by isotopic dilution of Hal80 as the criterion method.” 
Finally, we believe that type II error is unlikely, given the 
statistical power of the analysis. Our  prestudy sample size 
estimates were based on a simple prepost change in body 
fatness. Since the additional time points in a longitudinal 
analysis provide greater precision, we repeated the power 
calculations to account for the additional measurements on 
each subject.34 For daily servings of dairy and percentage of 
daily calories from dairy, we need at least 80% power to 
detect a difference in BMI z-score slope of 0.05 and over 99% 
power to detect a difference in %BF slope of 0.50%. 

Our analysis also has some important limitations. All 
dietary methodologies are subject to measurement error and 
differentral reporting of food intake is a concern in any study 
examining the relation between self-reported food intake 
and body weight. Indeed, many studies that have observed 
either no difference in energy intake between the obese and 
nonobese, or lower energy intakes among the obese have 
been criticized for this reason. Perks et a13’ compared energy 
intake estimated by FFQ with total energy expenditure (TEE) 
measured by doubly labeled water (DLW) in children and 
adolescents. They found that energy intake reported on the 
FFQ and energy expenditure by DLW were similar. However, 
discrepancy in energy intake was related to body weight and 
percentage body fat3’ Differential reporting of specific foods 
is more difficult to study. However, we believe that dairy 
foods are more accurately reported than other foods on an 
FFQ because they tend to be eaten habitually and in readily 
quantified amounts. Dairy food consumption in this cohort 
appears higher than dairy food consumption reported in a 
nationally representative survey. Data from CSFII, based on 
diet recall, indicate adolescent females aged 12-19~ con- 
sumed an average of 269 g of milk and milk products per day, 
compared to 428 g of dairy products consumed in our cohort 
at study exit based on FFQ.’ As a result of the differences in 
methodology, it is not possible to assess directly whether 
dairy intake in our cohort is representative of girls nationally. 
Lastly, our exclusion at baseline of any girls who were already 
overweight allows us only to examine the role of dairy foods 
on weight or fatness changes in initially normal weight 
preadolescent girls. Thus, we cannot address the influence of 
dairy consumption on weight and fatness changes in 
initially overweight girls. 

An important consideration in assessing the results of 
these observational studies and intervention studies de- 
signed with primary skeletal endpoints is that none were 
designed with the intention of studying the relation between 
dairy food intake and body composition. Indeed, as noted by 
Heaney et ~1,~~ there have been few studies published that 
explicitly test the effect of calcium intake on body weight. 
Results of a 24-week RCT in humans, presented in abstract 

format, found that obese subjects who were supplemented 
with calcium or dairy products lost more weight than 
subjects randomized to a lower calcium diet. In addition, 
the weight loss effect was greater among subjects rando- 
mized to the dairy food group than the calcium supplement 
group.37 Our results add another piece of evidence to the 
extant body of knowledge, which remains mixed. Further 
elucidation of the role of calcium in the regulation of body 
weight necessitates carefully designed observational, or 
perhaps experimental, studies conducted over longer periods 
of time. 
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PAPER 

The role of dietary calcium and other nutrients in 
moderating body fat in preschool children? 

BR Carruthl* and JD Skinner* 

‘Nutrition Department, The University of Tennessee, Knoxville 

OBJECTIVE: To assess preschool children’s food consumption (24-60 months) and relate these findings to body composition at 
70 f 2 months. 
DESIGN: A longitudinal study of children’s dietary intakes for selected nutrients and servings of dairy products. 
SUBjECTS: Fifty-three white children participating in a longitudinal study (Z-96 months) of children’s food practices and 
growth. 
MEASUREMENTS: Using in-home interviews and trained interviewers, 18 days of dietary data and measured height and weight 
of each child at 6 month intervals were collected. Body composition was determined by dual energy X-ray absorptiometry. 
RESULTS: Dietary fat was 30-33% of energy with saturated and monounsaturated fat intakes, 10% and poly- 
unsaturated c 10%. Adjusting for body mass index (BMI), GLM models to predict percent body fat (%BF) or grams of total 
fat (gTF) with mean longitudinal calcium intake (%BF: R2 = 0.51, F = 7.88, P < 0.0001; gTF: R2 = 0.51, F = 9.84, P= 0.0001) or 
total servings of dairy products (%BF: R2= 0.47, F = 6.93, P < 0.0001; gTF: R2 = 0.47, F = 8.31, P < 0.0001) as independent 
variables gave significant results. Higher mean longitudinal calcium (mg/day) intakes and more servings/day of dairy products 
were associated with lower body fat. Males had significantly less body fat (P = 0.01) than females. 
CONCLUSIONS: Higher longitudinal intakes of calcium, monounsaturated fat, and servings of dairy products were associated 
with lower body fat. 
International louma\ of Obesity (2001) 25, 559-566 

Keywords: calcium; preschool children; dietary fat; body fat; milk/dairy foods 

Introduction 
The importance of preschool children meeting their energy 
and growth needs is counterposed against the increasing 
number of overweight children in the United States.’ In a 
study of 146 children over a 3 y period, the modifiable factors 
of dietary intake and physical activity accounted for more of 
the variance in body mass index (BMI) of children than the 
obesity status of the parents.’ Modification of children’s 
dietary fat intake has been especially targeted because of 
epidemiological data indicating that dietary fat intake early 
in life increases an individual’s risks for obesity and other 
diseases in adulthood.3 In parents’ efforts to meet current 
guidelines4 for dietary fat intake of children as no more than 
30% of energy by age 2, some higher fat foods, such as dairy 
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products and meats, may be limited or omitted from chil- 
dren’s diets. Dairy products are the most nutrient dense 
source of calcium in children’s diets. 

Recent human and animal studies indicated that a higher 
calcium intake was associated with reduced body fat or less 
gain of body fat over time. In a study of adipose cells in 
transgenic mice, high calcium, medium dairy, and high dairy 
diets reduced lipogenesis, stimulated lipolysis and reduced 
body fat accumulation at equivalent levels of energy intake.’ 

The authors are conducting a longitudinal study of 
healthy white children (2-96 months) with the initial 
purpose of documenting their feeding practices and growth 
patterns. Families of middle and upper socioeconomic status 
(SES) were purposefully recruited to limit the potential 
negative effect on children’s food intake and health status 
associated with lower SES and limited access to health care.6 
In addition, approximately 50% of infants born in the 
United States are white and of middle/upper SES’ and 
many of the recommended nutrient intakes are based on 
this population.’ 
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Extrapolation of the calcium studies using adult subjects 

or mice to other population groups raises a question of 
whether longitudinal intakes of dietary calcium and dairy 
products moderate accretion of body fat in young children. 
When longitudinal nutrient intakes and energy are adequate 
to promote growth, are there other dietary components that 
may influence the amount of body fat at 70 months, an age 
that some children experience an adiposity rebound?g Our 
study objectives were to determine longitudinal intakes (24 - 
60 months) of the energy macronutrients (protein, fat and 
carbohydrate), servings of dairy products, and intakes 
of selected micronutrients found in dairy products (eg, 
calcium, vitamin D) and then relate these longitudinal diet- 
ary intakes to children’s body composition at 70 (i 2) 
months. 

Methods 
Subjects 
The study sample was composed of 53 children (29 males 
and 24 females) who represented a subset from a larger 
longitudinal study of 72 children living in the United 
States.” Nineteen children did not participate in the body 
composition assessment: seven parents declined, seven 
parents and children were not in the geographical area at 
70 (52) months and five children could not be sched- 
uled within their time frame because of illnesses or scheduling 
conflicts at the medical site. The protocol for bone dens- 
ity measurements was approved by the medical center’s 
institutional review board. 

Diet 
Two Registered Dietitians (RD) conducted in-home inter- 
views with mothers when their children were 24, 28, or 32 
and 28, 32, or 36 months (two interviews/child in the third 
y); all children were seen at 42, 48, 54, and 60 months of age. 
Interviews were done within&10 days of the child’s birth- 
day. Three days of dietary intake (2 week days and 1 weekend 
day) were collected at each of six interviews providing 18 
days oE dietary data/child. The same interviewers saw the 
same children throughout the study period, and they probed 
for information and checked the completeness of mothers’ 
responses at each interview. Also, mothers had been inter- 
viewed since their children were 2 months of age, and by 24 
months they were trained in keeping accurate diet records 
and giving complete responses.” 

Anthropometry and body composition 
The children’s height and weight were measured at each of the 
six in-home interviews, using a Center for Disease Control 
protocol previously described.” Body composition was 
assessed at 70 ( f 2) months, using DEXA (Model QDR Hologic 
2000). All DEXA scans used low density software. Both anthro- 
pometric and dietary data were collected simultaneously from 

24-60 months; however, the measurement of body composi- 
tion at 70 months provided data about the cumulative phy- 
siological effects of longitudinal energy and nutrient intake on 
body composition. No follow-up body composition measure- 
ments were done for those 12 children who could not meet the 
70 months time frame or the seven who declined participation 
in the body composition assessment. 

Analyses 

Diet. Nutritionist IV software (version 4.1) was used to 
calculate the average nutrient intake/day for each child at 
each intervrew (3 day dietary data for each of six interviews). 
For most foods consumed by children m this study, the 
nutrient database for saturated fats was complete; however, 
it was less complete for other components of dietary fat. 
When a food had mcomplete hstmgs for monounsaturated 
and polyunsaturated fats, a generic food with more complete 
listings was used, based on a match for energy/nutrient 
distribution and amount of saturated fat. Nutrient intakes 
for each child at each time period (3 days of dietary 
records/recalls) were averaged for each time period to give 
six representative days. Using SAS PROC MEANS,r3 these 
representative days were used to calculate group means at 
27 months (X time of interviews at 24, 28, or 32 months), 34 
months (F; time of interviews at 28,32, or 36 months), 42,48, 
54, and 60 months. The group means were compared to the 
Recommended Dietary Allowance (RDA)’ and the Dietary 
Reference Intake (DRI)‘*,” for the ages 1-3 and 4-6~. 
Student’s t-test was used to determine significant gender 
differences in energy and nutrient intakes from 24-60 
months.13 

To calculate the total number of servings from the 
milk/dairy products, serving sizes were based on the calcium 
equivalent for 8oz (240ml) of fluid milk. For example, if a 
food contained one-half the calcium equivalent, then it was 
considered half a serving. For each child, the total number of 
servings were computed from the three days of food intake at 
each of six interview times. The three day data set was 
averaged with SAS PROC MEANSI to give a representative 
day for the number of servings of milk/dairy products for six 
representative days 

Anthropometry. Using SAS PROC MEAN&i3 group means 
were computed for the children’s BMI (kg/m’) at 60 months, 
total body fat (g, %) derived from DEXA measurements at 70 
months, and the parents’ BMI. Tertiles were formulated 
based on percent body fat (% BF), and significant anthropo- 
metric and body composition differences between the high- 
est and lowest tertiles were determined by Student’s t-test.r3 
Anthropometnc results were compared to normative percen- 
tiles for age and gender.i6 

Mean height, weight, and BMI by gender at 60 months 
were computed for the 19 children who did not have 
body composition assessments. I3 Significant anthropometric 
differences between the 53 children who participated 
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and the 19 children who did not participate in the DEXA 
measurements were determined with Student’s r-test. 

Statistical modeling. General Linear Models (GLM) were 
developed using body fat (%) or total body fat (g) as the 
dependent variable, and the independent variables were the 
children’s gender, BMI, parents’ BMI, and longitudinal mean 
intakes of protein, carbohydrate, dietary fat (including satu- 
rated, monounsaturated and polyunsaturated fat), calcium, 
vitamins D and A, and riboflavin. Preliminary analyses with 
PROC R Squared (SAS) were used to determine which com- 
bination of variables explained the most variance in body fat 
and which variables to investigate with GLM models. Corre- 
lation matrices showed that parents’ BMI was significantly 
related to child’s BMI (P = 0.05). 

Longitudinal nutrient intakes were based on 6 represen- 
tative days of dietary intake (3 day data set averaged at each 
of 6 interview times). Each child’s nutrient intake on these 
representative days were averaged for a mean intake (g or 
mg/day) that was used as an independent variable in devel- 
oping the GLM models. Similarly, mean longitudinal ser- 
vings of dairy products used as an independent variable in 
the models were derived from a representative day (average 
of 3 day dietary data set) at each of 6 interviews, and then 
the 6 day averaged to give a mean longitudinal intake 
(number of servings/day) used in model building. The 
other independent variables were the same whether calcium 
or servings/day of dairy products were used in the models. 

Results 
Anthropometry and body composition 
Table 1 describes anthropometric and body fat indices by 
gender for 53 children. Using normative growth percentiles” 
the males’ mean linear height (cm) exceeded the weight 
percentile. For females, the mean weight and height were 
within the SO-75th percentiles. Males were taller than the 
females, but BMI for both genders was at the 50th percentile 
or slightly higher (norm = 15.4 vs males’ BMI = 15.7). Both 
increased lean body mass and less body fat of males vs 
females are reflected in the BMI. As shown by the DEXA 
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Table 1 Anthropometric and body fat indices of 53 preschool children 

Males Females 
Indices II=29 n=24 

Height (cin)“,b 112.1 +3.0c (75’h)d 108.92iz4.6 (50th) 
Weight (kg) 19.7zk2.1 (SO- 7S’h) 18.3rt2.0 (SO- 75th) 
BMI 15.751.2 (SO - 75th) 15.4&l 0 (Sot”) 
%  BFDEXA+f 17.9zk3.8 20.81.4.4 
BF (g) 3888.6f 1116.2 4192.7C1262.5 
Range of %BF 11.9-30.8 14.3-30.8 

BMI=body mass index; BF= body fat; DEXA=dual energy X-ray 
absorptiometry. 
“,bHelght and weight of 5 y old chfldren 
‘mean i S.d. 
dNormative percentiles for 5y old chlldren.‘6 
eBF of children at 7012 months. 
‘Males had significantly lower %BF than females (P=O.Ol). 
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results, males had significantly lower percent body fat 
(P=O.Ol) and more lean body mass (P<O.OOOl) than 
females. The range of body fat (o/o) for each gender was 
about Z-fold (females = 14.3-30.8%; males = 11.9 -30.8%). 
The difference between g body fat by gender was non- 
significant (P =0.36), and the ratio of fat free mass (g) to 
fat mass (g) was 4.5 for males and 3.7 for females. 

To further explore the diversity of body composition and 
examine extreme values within the group (n=53), tertiles 
were developed with males and females combined to form 
two groups that represented the highest and lowest percent 
of body fat. Table 2 shows that children in the highest body 
fat group (%) were not significantly different in height from 
those in the lowest body fat group, but they had significantly 
greater BMI, body weight (kg), and body fat (%, g). The mean 
BMI of the highest tertile was at the 75th and the lowest 
tertiles were slightly higher than the 25th percentile 
(norm = 14.6 vs 15.0).16 

The comparison of the 19 children who did not partici- 
pate and 53 participants in the study showed there were no 
significant differences in height (cm), weight (kg), or BMI of 
females. Weight (kg) and BMI of males in the two groups 
were not significantly different. However, males (n = 29) in 

Table 2 Anthropometric differences in preschool children whose body fat (o/o)’ was in the highest and lowest 
tertile? compared to the group 

GrCNp Highest tertrle Lowest tertlle 
(n=53) (n = I 7) (n = 17) P  

BMI (kg/m*) 15.6fl.lc 16.2fl.09 15.0f 0.82 0.0007 
Height (cm) 110.6zt4.1 111.6zk3.9 110.5-+ 3.2 0.3750 
Weight (kg) 19.1 i2.1 20.2 + 1.9 18.3i1.5 0.0024 
%BFo,Eu 19.2h4.3 24.0& 3.9 15.4f1.7 < 0 0001 
BF (g) 4026+1183 5356.7i 1073.3 3021.8f410.4 < 0.0001 

BMI = body mass index; BF = body fat; DEXA= dual energy X-ray absorptiometry 
‘BF of children measured at 7Oi2 months. 
bDifference between highest and lowest tertlles (Student’s t-test). 
‘mean i s.d. 
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the group of 53 children were significantly taller (P = 0.006) 
than males (n = 8) in the group of 19 children (i7 = 112.1 f 3.0 
w 108.4 zt 3.9). 

Energy and macronutrient intakes 
Energy (kcal/day, kJ/day), fat as percent of energy, com- 
ponents of dietary fat, protein, vitamins D, A, and E, 
calcium and cholesterol for 24-60 months are shown 
in Table 3. Mean energy Intakes exceeded the allowance 
of 1300 kcal/day (kJ = 5439) for children l-3y, but 
intakes were less than the 1800kcal/day (kJ = 7531) for 

Table 3 Energy and nutrient intake of preschool children (24-60 months) 

Months 

Nutrient RDA/DRf 2P 34b 42 48 54 60 

Energy (kcal) 

[WI 
M 

F 

Total fat (g) (% of energy) 
M 

F 

Saturated fat (g) 
M 
F 

Monounsaturated fat (g) 
M 
F 

Polyunsaturated fat (g) 
M 
F 

Saturated/poly fat ratio 
M 
F 

Protein (g) (% of energy) 
M 

F 

Vit D W 
M 
F 

Vlt A (pg) RE 
M 
F 

Vit E  (mg a TE) 
M 
F 

Calcium (mg) 
M 
F 

Cholesterol (mg)’ 
M 
F 

1300/l 800 
[5439k7531]d 

1410~k346~ 
[5899&1448] 
1332+ 300 

[5573zk 12551 

1473i277 153Ort293’ 1577i334f 15401338 171Ozt.48 
[6163+1159] [6402&1226] [6598&1397] [644311414] [7155+1456] 
1394f412 1316+269 1363 + 334 1352zt317 1568k493 

[5832*1724] [5506+1125] [5703il397] [5657&1326] [6561&2063] 

48zt14 49flO 52f15 54*12g 53*14 58f15 

(31) (30) (31) (31) (31) (31) 
47i13 49kl8 44*14 46kl4 48f15 57zt25 

(32) (32) (30) (30) (32) (33) 

17j~6~ 
16zt5 

19+4 19+6 2Ozt6 2Oi6 22+7 
18zk6 17*5 17+6 18f6 22*12 

15f5 
15f6 

16~t4 18xt6 20&5¶ 19f5 21+6 
16rt6 16+5 17i5 1716 20&S 

7+3 7+2 Sk3 9i2 9+3 9*3 
6z!2 7*3 7*3 Sk3 S&4 9*3 

2.4' 1 
2.7:1 

16124 
47*15e 

(13) 
47+15 

(14) 
5 

3.6~t2.3 
4.3zk2.6 

400/500 
697f393 
811f650 

617 
3.1 *1.9* 
3.5f1.6 

500/800 
823rt364 
789zt312 

2.711 24:l 2.2 1 2.2:1 2.4.1 
2.6.1 24:l 2.1 .l 23.1 24:l 

5O-fll 51f15 53*15 53zt16 57+14 

(14) (13) (13) (14) (13) 
48+18 49f17 47f13 49*11 51i16 

(14) (15) (14) (14) (13) 

4.0f2.0 4.412.1 4.712.5 4.8zk2.3 4.7f2.3 
4.41k2.5 4.3zk2.8 4.3zk2.1 4.6f2.3 4.2f2.7 

783+425 613+236 664zt387 727f304 728+357 
782i583 603+367 6601522 678f283 772f341 

3.2k2.1 2.911.7 3.3Lk2.5 3.6f2.9 3 2zk2.8 
4.2zk2.7 3.1 i2.4 2.7dz2.0 3.5f3.5 3.3f3.4 

791zk252 846&277 844f356 949k287" 968k340" 
808dc375 774k315 698f224 787i227 751*343 

1393,86 
130& 63 

155f83 143f72 165zt.98 155174 164dc75 
143zk72 141zk75 139+68 144i43 168zt96 

“27 months: mean age for dietary Intakes at 24, 28, or 32 months. 
b34 months: mean age for dietary intakes at 28, 32, or 36 months. 
‘Recommended Dietary Allowances (1989)/D~etary Reference Intake (1997, 2000) for children 1 - 3 and 4-8~ 
dmeanFs.d. for kcal and for kJ [4.184xkcal]. 
emean& s.d. 
‘Gender differences for energy at 42, 48 and 54 months (P= 0.008, P= 0.02, P= 0.04). 
gGender difference for total fat (P=O.O3), monounsaturated fat (P=O.O3) at 48 months. 
hGender difference for calcium at 54 (P=O.O3) and 60 (P=O.O2) months. 
‘No RDA/DRI for cholesterol or fat. 
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children, 4 -6 y.’ From 24-60 months, the amount of 
fat and protein as percent of energy vary minimally. 
Children in the study did not gradually decrease their 
fat intake over time, but had mean intakes of -31% 
by 12 months of age. l1 The protein intakes were 2 to 3 
fold the RDA which reflects both animal and dairy 
consumption. 

Males had higher mean intakes of energy compared to 
females at 42, 48, and 54 months, dietary fat and mono- 
unsaturated fat at 48 months, and calcium at 54 and 60 
months (Table 3). Although mean intake of dietary fat over 
time was about 31% of energy, the amount of saturated fat 
exceeded the recommended 10% to achieve the energy from 
fat/saturated fat ratio of 30: 10 by age 5. The saturated to 
polyunsaturated fat ratios (24 - 60 months) as shown in Table 
3 also suggest that the study children had limited intakes 
of vegetable oils and consumed more of the foods that 
contained saturated fats. 

Restricting fat in the diets of preschool children may 
negatively influence nutrient intakes of vitamins A, D, and 
calcium, because these nutrients are found in milk/dairy 
products that also contain fat, such as whole and reduced 
fat milks and cheeses. However, results of this study indicate 
that the dairy foods were not limited, and the most fre- 
quently consumed foods that contained larger amounts of 
fat included: cheeses, 2% fat milk and ice cream. As shown in 
Table 3, mean intake of vitamin D over time was z 90% of 
Adequate Intake (AI) and vitamin A intakes consistently 
exceeded the recommended allowance for children. Mean 
calcium intakes (24-60 months) ranged from 791kZ.52 to 
9681340 mg/day for males and 6982c224 to 
808 i 375 mg/day for females. These intakes meet or exceed 
95% of the new AI for calcium for children, l-3 and 4 - 6y of 
age.14 

Over the study period, vitamin E intakes ranged from 48 - 
51% of the recommended amount.K’5 In general, children in 
the study consumed limited amounts of foods, salad dres- 
sing, or vegetable oils that are good sources of vitamin E. 
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Some ready-to-eat foods, such as french fries and fried 
chicken, may have been prepared with vegetable oils that 
provided vitamin E. By using generic coding when vitamin E 
values were not available from the vendors, the vitamin E 
values better reflect dietary intake. French fries and products 
of animal origin (eg meats, cheeses, ice cream) were major 
sources of dietary fat consumed by children in this study. 
Although there is no recommended allowance for choles- 
terol, mean intakes were within the normal range of 
100 mg/lOOO kcal.’ 

Statistical modeling to relate body fat with dietary intake 
Using GLM procedures, models with calcium or dairy pro- 
ducts as independent variables to predict body fat (% or g) 
are shown in Tables 4 and 5. The children’s percent and g 
body fat adjusted for BMI was positively related to mean 
longitudinal intakes of dietary fat and protein and negatively 
related to calcium and monounsaturated fat intakes (Table 
4). These results suggest that higher mean longitudinal 
mtakes of calcium and monounsaturated fat were associated 
with lower body fat at 70 months. Gender was negatively 
related.to percent body fat, but not g body fat. Mean long- 
itudinal intakes of polyunsaturated fat, saturated fat, carbo- 
hydrate, and father’s BMI did not contribute significantly to 
the models with calcium. Also, vitamins D and A were not 
significant in any models with either calcium or servings of 
dairy products as independent variables to predict body fat 
of the children. 

The GLM models with dairy products, (mean longitudinal 
servings/day) as the independent variable are shown in Table 
5. Adjusting for BMI, the variability in percent body fat was 
significantly and negatively related to mean longitudinal 
servings/day of dairy products and gender, and positively 
related to protein. For the model using total g body fat, 
higher mean longitudinal servings/day of dairy products and 
monounsaturated fat intakes were negatively associated with 
body fat (g). Gender, protein, and dietary fat did not con- 

Table 4 Regression analyses of longitudinal nutrient intakes (24-60months) with body fat of preschool children” 

Regrewon Coefficients (Ii SEE) 

Model? BMI Gender' Calciumd Prote& Dietary fatd Monounsaturated faf Rz 

%%EXA 2.05f0.41 - 2.64 zk 0.94* - 0.015*0.004 0.250+0.087 0.619fO.261 - 1.79f 0.72 0.51 
F=2.5.26 F=7.79 Fzl5.24 F = 8.21 Fz5.63 F = 6.21 F= 7.88 

P<0.0001 P=O.OOS P=O.O003 P=O.O06 P=O.O2 P=O.O2 P< 0.0001 
BF $2, DEXA 704.55 * 110.00 NS - 3.7810.97 61.08*23.12 178.65 zk 70.06 - 521.831tl91.92 0.51 

Fz41.02 Fz15.08 F = 6.98 F = 6.50 F=7.39 Fz9.84 
P  c 0.0001 P  = 0.0003 P=O.Ol P=O.Ol P= 0.009 P= 0.0001 

BF = body fat; BMI = body mass index; DEXA = dual energy X-ray absorptiometry. 
aEF of children measured at 7012 months; n ~53, 29 males and 24 females. 
?ieneral Linear Models (GLM) procedures to predict BF (%, g). 
‘Males had significantly less %  BF than females (P=O.Ol). 
“Nutrient intakes based on a 3 day dietary data set averaged at each of the 6 interwews to gwe 6 representatwe days/child. Longitudinal nutrient intake/day refers to 
an average of the 6 representative days. 
‘P  = 0.01; males had less fat. 
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Table 5 Regression analyses of longitudinal dairy food and nutrient intakes (24-60 months) with body fat of preschool children” 

Regressron Coefficrents @*SEE) 

Model? 

% BFoEXA 

BF g, DEXA 

BMJ 

2.10*0.43 
F =24.32 

P < 0.0001 

703.44 + 115.38 
F=37.17 

P c 0.0001 

Cende? 

- 3.41 kO.94 
F=13.12 

P=O.O007 

NS 

Dairy productid 

- 3.54f 1.04 
Fc11.52 
P = 0.001 

- 907.06dc284.60 
F=10.16 
P =0.003 

P&e& 

0.163f0.078 
F=4.36 
P=O.O4 

38.36i21.32 
F=3.24 
P=O.O8 

NS 

Dietary fatd 

0.465 f 0.255 
F=3.34 
P=O.O7 

NS 
136.48i69.74 

F=3.83 
P=O.O6 

NS 

Monounsat fat” 

- 1.2110.68 
F=3.16 
P=O.O8 

NS 
- 368.41 zk 185.05 

F= 3.96 
P=O.O5 

RZ 

0.47 
F=6.93 

P < 0.0001 

0.47 
F=8.31 

P < 0.0001 

BF = body fat; BMI = body mass Index, DEXA = dual energy X-ray absorphometry. 
‘8F of chrldren measured at 70f2 months; n=53, 29 males, 24 females. 
bGeneral Linear Models (CLM) procedure to predict BF (%, g). 
‘Males had significantly less % BF than females (P~0.01) 
dNumber of serwngs for 3 day averaged at each of the 6 interviews to qwe 6 representattve days/chrld. Longrtudrnal dairy product/nutrient Intakes/day refer to an 
average of the 6 representawe days. 

tribute significantly to the g body fat model. The result that 
gender was significant in the percent body fat models but 
not significant in the total g body fat models appear contra- 
dictory but can be explained by gender differences; percent 
body fat of males was lower (P=O.Ol), and their lean body 
mass was higher than females (P < O.OOOl), and there was no 
significant gender difference in total g body fat. 

These results with dairy products in the model for total g 
body fat are consistent with those with calcium in the model 
(ie higher mean longitudinal intakes of calcium and mono- 
unsaturated fat were associated with lower percent and g 
body fat). In addition, the results with dairy products are 
consistent with the methodology used for determining ser- 
ving sizes from the milk/dairy group, which was based on 
calcium equivalents in an 8 oz (240 ml) serving of milk. In 
this study, dairy foods were the major dietary source of 
calcium and monounsaturated fat in the children’s diets. 

Discussion 
Mean longitudinal intakes of calcium (mg/day) and mono- 
unsaturated fat were significantly and negatively related to 
lower body fat (%, g). Similarly, mean longitudinal intakes of 
dairy products (number of servings/day) and monounsatu- 
rated fat intakes were associated negatively with body fat (g), 
but monounsaturated fat was not a significant predictor of 
percent body fat (P=O.O8). When dairy products compared 
to calcium were in the predictive models, results for dietary 
protein, fat, and monounsaturated fat showed similar trends, 
but some values did not reach statistical significance (eg, 
P=O.O8, P=O.O6). However, dairy products contain these 
nutrients, and this may affect how they contributed to the 
models. Our findings support the relationship between 
higher calcium intakes or dairy products and lower body 
fat as previously reported in human and animal studies.’ 
Similarly, the results that protein intakes were positively 

associated with increased adiposity of children in this 
study has been reported by other investigators. i7-” 

Although there are no adequate reference data for fat free 
mass, fat mass, and percent of body fat of preschool chil- 
dren,” small studies have reported mean body fat for males 
(ranges - 18 - 20%), and for females ( - 24 - 26%) who were 
of comparable age to children in this study.22,23 Our results 
and those of other small studies21-23 suggest that the phy- 
siological gender differences in body fat are observed in 
preschool children. 

Our results show a consistent pattern of fat intake as 
-31% of energy, and total energy intake was apparently 
adequate as reflected by normal growth in these children 
compared to their age/gender cohorts. Similar results about 
growth patterns and reduced dietary fat have been reported 
in preschool Hispanic children, Australian children, and 
Finnish children.24-27 

In a survey comparison of children’s consumption pat- 
terns from 1986- 1994, dietary intake from the milk/dairy 
group differed by income categories.28 Children in the high- 
est income group maintained calcium intakes by using low 
fat and/or fat free milk products. The families in our study 
were primarily of middle and upper SES, and a majority of 
the children consumed 2% of fat free milk by 60 months of 
age, which probably contributed to their 3 1 - 33% of energy 
intake from fat. Our findings about dairy products and body 
fat may have implications for any population of children 
who report high intakes of beverages other than milk.‘g 

A possible mechanism to explain why calcium was a 
significant factor in predicting body fat (% and total g) of 
preschool children in this study has been studied in trans- 
genie mice and in human adipocytes.’ In transgenic mice 
given various amounts of non-fat dry milk and calcium 
supplements, a high dairy calcium diet resulted in stimu- 
lated lipolysis 5.2-fold over the basal diet. Using in vitro 
analyses, human adipocytes responded to both 1,25-(OH)z- 
D and parathyroid hormone with dose responsive increases 
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in intracellular Ca”. The investigators suggested that low 
CaZf diets increased adipocyte intracellular Cazf while 
higher Ca ‘+ diets suppress the calcitrophic hormone 
response. The increased dietary calcium reduced intracellular 
Ca2+ and decreased triacylglycerol accumulation through 
increased lipolysis.’ 

In a randomized controlled clinical trial of reducing diets 
in adult outpatients, those maintained on a milk-based diet 
for 16 months had greater weight loss (7.0 vs 1.7 kg) than 
patients maintained on a conventional hypocaloric diet that 
was isocaloric to the milk-based diet. The investigators sug- 
gested that greater compliance with the novel milk-based 
diet contributed to the greater weight 10~s.~’ However, the 
possible down regulation of lipogenesis and up-regulation of 
lipolysis with the milk-based diet vs the conventional hypo- 
caloric diet is an alternate explanation for the greater weight 
loss. 

It is unknown whether similar inhibition of lipogenesis 
and enhanced lipolysis occurs in children who consume 
diets that contain higher amounts of calcium and/or dairy 
products. If this mechanism to suppress fat acquisition 
occurs in preschool children with calcium intakes that 
meet or exceed the reference intake, then fat as 30% of 
energy as currently recommended* could result in a lower 
amount of body fat and a decreased potential for adiposity in 
childhood. However, if preschool children meet current US 
dietary guidelines for energy intake from fat by limiting their 
intakes of milk/dairy products, dietary calcium intake over 
time will be reduced. Results of this study also raise the 
question of whether other components of milk/dairy foods 
are contributing to the relationships between higher calcium 
intakes and lower body fat. For example, would a calcium 
supplement produce the same effect on acquisition of body 
fat in preschool children as the dairy prod&ts observed in 
this study? The adverse effect of chronically low calcium 
intakes on body composition of preschool children should 
be studied further, using longitudinal dietary patterns to 
establish the role of milk/dairy products in moderating the 
acquisition of body fat. 

Acknowledgements 
Initial data collection for this paper was funded by Gerber 
Products Company, Fremont, MI as part of a longitud- 
ma1 study. Funding was also provided by the Tennessee 
Agricultural Experiment Station, Knoxville, TN. 

References 
1 Troiano RP, Flegal KM, Kuczmarski RJ, Campbell SM, Johnson CL. 

Overweight prevalence and trends for children and adolescents: 
the National Health and Nutrition Examination Surveys, 1963 to 
1991. Arch Pediatr Adolesc rMed 1995; 49: 1085- 1091. 

2 Klesges RC, Klesges LM, Eck LH, Shelton ML. A longitudinal 
analysis of accelerated weight gain in preschool children. Pedia- 
trics 199.5; 95: 126-130. 

Vobecky JS, Vobecky J, Normand L. Risk and benefit of low fat 
intake in childhood Ann Nutr Metab 1995; 39: 124- 133. 
United States Department of Agriculture, United States Depart- 
ment of Health and Human Services. Nutrition and your heafth, 
dietav @&lines for Americans. Fifth EditIon, 2000 Home and 
Garden Bulletin No. 232. 
Zemel MB, Shi H, Greer B, DiRienzo D, Zemel PC. Regulation of 
adiposity by dietary calcium. FASEB 1 2000; 14: 1132-1138. 
Mangione-Smith R, McGlynn E.4. Assessing the quality of health- 
care ‘provided to children. Health Sew Res 1998; 33: 1059 - 1090. 
Bachu A. Fertility of American women: ]une 1992. US Bureau of the 
Census: Washington, DC, Current Population Reports series P-20, 
No. 470; 1993. pp 12- 13. 
Food and Nutrition Board, National Research Council. Recom- 
mended dietary allowances. 10th ed. National Academy Press: 
Washington, DC: 1989 (revised). 
Rolland-Cachera MF, Deeheeger M, Belllsle F, Sempk M, Guilloud- 
Bataille M, Patois E. Adiposity rebound in children: a simple 
indicator for predicting obesity. Am JClin Nutr 1984; 39: 129- 135. 

10 Skinner JD, Carruth BR, Houck KS, Bounds W, Morns M, Cox DR, 
Moran III J, Coletta E Longitudinal study of nutrient and food 
intakes of white preschool children aged 24 to 60 months. 1 Am 
DietAssoc 1999; 99: 1.514-1521. 

11 Skinner JD, Carruth BR, Houck KS, Coletta F, Cotter R, Ott D, 
McLeod M. Longitudinal study of nutrient and food intakes of 
infants aged 2 to 24 months. I Am Diet Assoc 1997; 97: 496 -504. 

12 Skinner JD, Carruth BR, Moran III J, Houck K, Coletta E Frmt juice 
intakeisnotrelatedtochildren’sgrowth.Pectiatrics 1999; 103:58-64. 

13 Statistical Analysis System, version 6.11. SAS Institute: Cary, NC, 
1995. 

14 Food and Nutrition Board. Dietary reference intakes for cafwm, 
phosphorus, magnesium, vitamin D, and fluoride National Academy 
Press: Washington, DC, 1997 

15 Food and Nutrition Board. Dietary reference intakes for vitamin E, 
vltamin C, selenium and caroterfoids. National Academy Press: 
Washmgton, DC; 2000. 

16 Kuczmarski RJ, Ogden CI, Gummer-Strawn LM, Flegal KM, Guo 
SS, Wei R, Mei Z, Curtin LR, Roche AF, Johnson CL. CDC growth 
charts: United States. Advance data from vital and health statistics 
No. 314. National Center for Health Statistics: Hyattesville, 
Maryland; 2000. 

17 Frank GC, Berenson GS, Webber LS. Dietary studies and the 
relationship of diet to cardiovascular disease risk factor variables 
in lo-year-old children: the Bogalusa Heart Study. Am J Clin N&r 
1978; 31: 328-340. 

18 Valoski A, Epstein LH. Nutrient intake of obese children in a 
family-based behavioral weight control program. Int J  Obes 1990; 
14: 667-677. 

19 Rolland-Cachera MF, Deheeger M, Akrout M, Bellisle F. Influence 
of macronutrients on adipositv development: a follow up study 
of nutrition and growth from i0 monihs to 8 y of age. In? I O&s 
Relat Metab Disord 1995; 19: 573-578. 

20 Deheeger M, Akrout M, Bellisle F, Rossignol C, Rolland-Cachera 
ME Individual patterns of food intake development in children: a 
10 months to 8 y  of age follow-up study of nutrition and growth. 
Physiol Behav 1996; 59: 403 - 407. 

21 Zemel BS, Riley EM, Stallings VA. Evaluation of methodology for 
nutritional assessment in children: anthropometry, body composi- 
tion, and energy expenditure. Ann11 Rev Nub 1997; 17: 211-235. 

22 Goran MI, Carpenter WH, Poehlman ET. Total energy expendi- 
ture in 4- to B-y-old children. Am J Physiol 1993; 264: E706 - E711. 

23 Davies PS, Gregory J, White A. Energy expenditure in children 
aged 1.5 to 4.5 y: a comparison with current recommendations 
for energy intake. Eur J  CLin N&r 1995; 49: 360-364. 

24 Shea S. Basch CE, Stem AD, Content0 IR, .Irigoyen M, Zybert l? Is 
there a relationship between dietary fat andsthture or growth in 
children three to five years of age? Pediatrics 1993; 92: 579-586. 

25 Nlinikoski H, Viikan’J, R&me-maa T, Helenius H, Jokinen E, 
Lapmleimu H, Routi T, Lagstrom H, Seppanen R, Valimaki I, 
Simell 0. Regulation of growth of 7- to 36-month-old children 

international Journal of Obesity 



if) Calcium intake moderating children’s body fat 
BR Carruth and ID Skinner 

566 
by energy and fat intake ln the prospective, randomized STRIP 
baby trial. Pediatrics 1997; 100: 810-816. 

26 Boulton TJ, Magarey AM. Effects of differences in dietary fat on 
growth, energy and nutrient intake from infancy to eight years of 
age. Acta Paediatr 1995; 84: 146- 150. 

27 Lagstrom H, Seppanen R, Joklnen E, Niinikoski H, Ronnemaa T, 
Viikari J, Simell 0. Influence of dietary fat on the nutrient intake 
and growth of children from 1 to 5y of age: the Special Turku 
Coronary Risk Factor Intervention Project. Am J CIin Nutr 1999; 
69: 516-523. 

28 Kennedy E, Powell R. Changing eating patterns of American 
children: a view from 1996. JAm Co11 Nutr 1997; 16. 524-529. 

29 US Department of Agriculture, Agricultural Research Service. 
1997. Data tables: results from USDA’s 1994-96 Continuing Survey 
ofFood Intakes by Individuals and 1994-96 Diet and Health Knowl- 
edge Survey. On 1994-96 Continuing Survey of Food Intakes by 
Individuals and 1994-96 Diet and Health Knowledge Survey. 
CD-ROM, NTIS Accession Number PB98-500457. 

30 Summerbell CD, Watts C, Higgins JPT, Garrow JS. Randomized 
controlled trial of novel, simple, and well supervised weight 
reducing diets in outpatients. Br Med J 1998; 317: 487-489. 

International Journal of Obesity 


