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Preface

The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-Based
Practice Centers (EPCs), sponsors the development of evidence reports and technology
assessments to assist public- and private-sector organizations in their efforts to improve the
quality of health care in the United States. This report on Effects of Omega-3 Fatty Acids on
Cognitive Function with Aging, Dementia, and Neurological Diseases was requested and funded
by AHRQ. The reports and assessments provide organizations with comprehensive, science-
based information on common, costly medical conditions and new health care technologies. The
EPCs systematically review the relevant scientific literature on topics assigned to them by
AHRQ and conduct additional analyses when appropriate prior to developing their reports and
assessments.

To bring the broadest range of experts into the development of evidence reports and health
technology assessments, AHRQ encourages the EPCs to form partnerships and enter into
collaborations with other medical and research organizations. The EPCs work with these partner
organizations to ensure that the evidence reports and technology assessments they produce will
become building blocks for health care quality improvement projects throughout the Nation. The
reports undergo peer review prior to their release.

AHRQ expects that the EPC evidence reports and technology assessments will inform
individual health plans, providers, and purchasers as well as the health care system as a whole by
providing important information to help improve health care quality.

We welcome comments on this evidence report. They may be sent by mail to the Task Order
Officer named below at: Agency for Healthcare Research and Quality, 540 Gaither Road,
Rockville, MD 20850, or by email to epc@ahrq.gov.
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Director Director, Center for Outcomes and Evidence
Agency for Healthcare Research and Quality Agency for Healthcare Research and Quality
Paul M. Coates, Ph.D. Kenneth S. Fink, M.D., M.G.A., M.P.H.
Director, Office of Dietary Supplements Director, EPC Program

National Institutes of Health Agency for Healthcare Research and Quality

Beth A. Collins-Sharp, R.N., Ph.D.
EPC Program Task Order Officer
Agency for Healthcare Research and Quality

The authors of this report are responsible for its content. Statements in the report should
not be construed as endorsement by the Agency for Healthcare Research and Quality or
the U.S. Department of Health and Human Services of a particular drug, device, test,
treatment, or other clinical service.




Acknowledgments

We thank Herbert D. Woolf of BASF Corporation for providing us with unpublished data on
omega-3 fatty acids. We thank Di Valentine for providing translation of Italian studies, Takahiro
Higashi for providing translation of Japanese studies, Matthius Schonlau for providing
translation of German studies, and Grazyna Besser for providing translation of Polish studies.

Chapter 1 was written in collaboration with the New England Medical Center Evidence-
based Practice Center.



Structured Abstract

Context: It has been suggested that omega 3-fatty acids have beneficial effects in several
conditions and disorders affecting the central nervous system, including providing a protective
effect on cognitive function with aging; dementia, particularly senile dementia of the
Alzheimer’s type; multiple sclerosis and some of the peroxisomal biogenesis disorders.

Objectives: To assess the effect of omega-3 fatty acids on 1) cognitive function in normal aging
2) the incidence of dementia, 3) treatment of dementia, 4) the incidence of several neurological
diseases, and 5) clinical outcomes related to the progression of multiple sclerosis.

Data Sources: We searched computerized databases to identify potentially relevant studies and
contacted industry experts for unpublished data.

Study Selection: We screened 5,865 titles, reviewed 497 studies - of which 62 underwent a
detailed review, and found 12 studies that pertained to our objectives. We included controlled
clinical trials and observational studies, including prospective cohort, case-control, and case
series designs; we excluded case reports. We had no language restrictions.

Data Extraction: We abstracted data on the effects of omega-3 fatty acids and on study design;
relevant outcomes; study population; source, type, amount, and duration of omega-3 fatty acid
consumption; and parameters of methodologic quality.

Data Synthesis: 1) A single cohort study has assessed the effects of omega-3 fatty acids on
cognitive function with normal aging and found no association for fish or total omega-3
consumption. 2 and 3) In four studies (3 prospective cohort studies and one RCT) that assessed
the effects of omega-3 fatty acids on incidence and treatment of dementia, a trend in favor of
omega-3 fatty acids (fish and total omega-3 consumption) toward reducing risk of dementia and
improving cognitive function was reported. 4) Two studies, one cohort and one case-control, that
assessed the effects of omega-3 fatty acids on incidence of MS were inconclusive. A single
cohort study evaluating the effects of omega-3 fatty acids on incidence of Parkinson’s disease
found no significant association between dietary intake of omega 3 fatty acids (fish, ALA, EPA,
or DHA) and Parkinson’s. Another single case-control study found a significant association
between maternal fish consumption at least once a week throughout pregnancy and a lower risk
of cerebral palsy in offspring. 5) In one RCT, omega-3 fatty acids (fish, ALA, EPA, DHA) had
no effect on the progression of multiple sclerosis; two single-arm open-label trials showed
improvement in disability with omega-3 supplementation.

Conclusions: The quantity and strength of evidence for effects of omega-3 fatty acids on the
neurological conditions assessed vary greatly. Due to the small number of studies that met our
inclusion criteria, further research is necessary before substantive conclusions can be drawn. The
paucity of evidence in this area suggests that a great deal of epidemiological and clinical research
remains to be done before any conclusions can be drawn or policy recommendations can be
made regarding the health effects of omega-3 fatty acids on normal cognitive function with
aging, dementia, and neurological diseases.
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Introduction

This report was requested by the Agency for
Healthcare Research and Quality (AHRQ), the
National Institutes of Health (NIH) Office of
Dietary Supplements, and several NIH Institutes.
It is one of several reports focusing on the role of
omega-3 fatty acids (FA) in the prevention or
treatment of various diseases. Three Evidence-
based Practice Centers (EPCs) produced this
series of reports: the Southern California EPC
([SCEPC], based at RAND), the Tufts-New
England Medical Center EPC, and the University
of Ottawa EPC. This particular report focuses on
the effects of omega-3 FA on cognitive function
with aging, dementia, and neurological diseases.

Over the past 40 years, an increasing number
of physiological functions have been attributed to
omega-3 FA, including movement of calcium and
other substances into and out of cells; relaxation
and contraction of muscles; regulation of clotting
and of secretion of substances that include
digestive enzymes and hormones; and control of
fertility, cell division, and growth. In addition,
omega-3 FA may play an important role in brain
development and function.! Docosahexaneoic
acid (DHA; 22:6n-3) is the precursor to a newly-
described metabolite called 10,17S-docosatriene,
which is part of a family of compounds called
resolvins.>* They are released in the brain in
response to an ischemic insult and counteract the
pro-inflammatory actions of infiltrating
leukocytes by blocking interleukin 1-beta-induced
NF-kappaB activation and cyclooxygenase-2
expression. DHA also plays a role in retinal rod
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outer segments by influencing membrane fluidity
so as to optimize G protein coupled signaling. *°
The major dietary sources of omega-3 FA in
the U.S. population are fish, fish oil, vegetable
oils (principally canola and soybean), walnuts,
wheat germ, and some dietary supplements.

Methods

Study Questions

We convened a technical expert panel (TEP)
composed of distinguished basic scientists and
clinicians with established expertise in omega-3
FA, human nutrition, dietary assessment
methods, and neurology. The TEP advised us on
refining the preliminary questions posed to us by
AHRQ), determining the proper
inclusion/exclusion criteria for the study and the
populations of interest, establishing the proper
outcomes measures, and conducting the
appropriate analyses.

Based on the original questions that we
received from AHRQ and input from our TED,
we addressed the following questions in this
study:

1. What is the evidence that omega-3 FA play a
role in maintaining cognitive function in
normal aging?

2. What is the evidence that omega-3 FA affect
the incidence of dementia including
Alzheimer’s disease?

3. What is the evidence that omega-3 FA are
effective in the treatment of dementia
including Alzheimer’s disease?

Evidence-Based
Practice



4. What is the evidence that omega-3 FA affect the incidence
of neurological diseases?

5. What is the evidence that omega-3 FA prevent the

progression of multiple sclerosis?

Search Strategy

The following databases were searched: MEDLINE® (1966-
2003), PreMEDLINE® (December, 2003), EMBASE (1980-
2003), Cochrane Central Register of Controlled Trials (4th
Quarter, 2003), CAB HEALTH® (1973-2003), Dissertation
Abstracts (1861-2003). All of these databases were searched
using the OVID interface, except CAB HEALTH, which was
searched through SilverPlatter. Any duplicate records were
identified and removed within each search question using
Reference Manager® software. The citations obtained from
these literature searches were sent to the SCEPC via e-mail. We
also reviewed the reference lists of all applicable articles and
contacted our technical expert panel as well as industry experts
recommended by the Office of Dietary Supplements to identify
and obtain unpublished data.

Selection Criteria

Two reviewers independently reviewed each article
considered for inclusion in the study. Human controlled
clinical trials (randomized and non-randomized), prospective
cohort studies, case-control studies, and case series were
included; case reports were excluded. For inclusion, studies also
had to describe a difference between omega-3 FA content in
study arms for all study designs except case series and describe
the effect of omega-3 FA on any of the following outcomes:
cognitive function with normal aging, incidence of dementia,
treatment of dementia, incidence of neurological disease, or
progression of multiple sclerosis. The reviewers resolved any
disagreements by consensus. Language was not a barrier to
inclusion.

Data Extraction and Analysis

For each article included in the study, two reviewers
independently extracted data about the trial design; the
outcomes of interest; the quality of the trial; the number and
characteristics of the patients; details on the intervention, such
as the dose, frequency, and duration; the types of outcome
measures; adverse events; and the elapsed time between the
intervention and outcome measurements. Any disagreements
between the reviewers were resolved through consensus. For
each article, we then evaluated the quality of the design and
execution of trials using a system developed by Jadad;
determined a combined applicability grade based on
applicability to the U.S. population and health state; performed

2

a meta-analysis of those studies that sufficiently assessed
interventions, populations, and outcomes to justify pooling;
and performed a qualitative analysis of the remaining studies.

Results

We screened 5,865 article titles. From these article titles, we
chose to review 502 full-text articles, of which 497 were
retrievable. Of these full-text articles, 62 met our selection
criteria and were chosen for data extraction. After data
extraction, 12 articles met our inclusion criteria for our study
questions.

Evidence that omega-3 FA play a role in maintaining
cognitive function in normal aging. Only one study that
met inclusion criteria assessed the role of omega-3 FA in
maintaining cognitive function. Fish consumption was only
weakly associated with a reduced risk of cognitive impairment
and had no association with cognitive decline; omega-3 FA
consumption was not associated with either outcome.

Evidence that omega-3 FA affect the incidence of
dementia including Alzheimer’s disease. Three studies
evaluated the effect of omega-3 FA on the incidence of
dementia. All three of the studies assessed the incidence of
dementia relative to fish consumption; one also assessed risk
relative to total omega-3 fatty consumption, and relative to
each alpha-linolenic acid (ALA; 18:3n-3); eicosapentaenoic acid
(EPA; 20:5n-3), and DHA consumption. Fish was associated
with a significant reduction in the incidence of non-Alzheimer’s
dementia in only one of the studies. Fish consumption was
associated with a reduced risk of Alzheimer’s dementia in all
three of the studies but this association was significant in only
one study. Total omega-3 FA consumption and consumption of
DHA (but not ALA or EPA) were associated with a significant
reduction in the incidence of Alzheimer.

Evidence that omega-3 FA are effective in the treatment
of dementia including Alzheimer’s disease. Only one study
assessed the effects of omega-3 FA for the treatment of
dementia. DHA resulted in a small improvement in scores on a
dementia rating scale.

Evidence that omega-3 FA affect the incidence of
neurological diseases. Four studies addressed the association
of omega-3 FA consumption with risk or incidence of
particular neurological diseases other than dementia. Two
studies that assessed the association between omega-3 FA intake
and the incidence of multiple sclerosis found no significant
effects, although one study found a reduced risk with fish
consumption among women. The one study that assessed the
association between omega-3 FA consumption and the risk for



Parkinson’s disease found no significant association for fish,
ALA, EPA, or DHA. The one study that assessed the
association between maternal omega-3 FA consumption and
the risk of giving birth to a child with cerebral palsy found that
consumption of fish once a week throughout pregnancy was
associated with a lower risk.

Evidence that omega-3 FA prevent the progression of
multiple sclerosis. Three studies reported on the effects of
omega-3 FA intake on the progression of multiple sclerosis. In
one study, treatment with an omega-3 FA supplement,
MaxEPA, had no effect on disability or relapse rates. However,
two other studies reported a significant reduction in disability
and one reported improvement on an index of disease
progression.

Thus, the quantity and strength of evidence for effects of
omega-3 FA on outcomes in the conditions assessed varied
greatly.

Discussion

We offer the following observations and recommendations
regarding future research on the effects of omega-3 FA on the
neurological conditions reviewed:

e Additional research on the effects of omega-3 FA needs to
be performed on all of the conditions reviewed in this
report before recommendations regarding the use of
omega-3 FA can be made for these conditions.

e  Of particular importance, properly designed randomized
clinical trials that are sufficiently powered and of an
adequate length (e.g., 3 to 5 years of followup) need to be
conducted for dementia, especially Alzheimer’s disease,
and for multiple sclerosis.

*  Studies that assess the effects of omega-3 FA should be
designed to evaluate the effect of source, dose, treatment
duration, and the sustainment of effect after
discontinuation of omega-3 FA consumption.

*  Trials of omega-3 FA should include a baseline assessment
of dietary omega-3 and omega-6 FA intake.

* In controlled trials that assess the effects of omega-3 FA,
analysis should include and report explicit testing of the
effects of the omega-3 FA relative to the control substance.

e All studies that assess the effects of omega-3 FA should use
standard validated instruments to assess clinical outcomes.

*  Observational studies should report data about type of fish
consumed and method of preparation.

Availability of the Full Report

The full evidence report from which this summary was taken
was prepared for the Agency for Healthcare Research and
Quality (AHRQ) by the Southern California Evidence-based
Practice Center under Contract No. 290-02-0003. It is
expected to be available in February 2005. At that time, printed
copies may be obtained free of charge from the AHRQ
Publications Clearinghouse by calling 800-358-9295.
Requesters should ask for Evidence Report/Technology
Assessment No. 114, Effects of Omega-3 Fatty Acids on Cognitive
Function with Aging, Dementia, and Neurological Diseases. In
addition, Internet users will be able to access the report and this
summary online through AHRQ’s Web site at www.ahrq.gov.
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Chapter 1. Introduction

This report is one of a group of evidence reports prepared by three Agency for Healthcare
Research and Quality (AHRQ)-funded Evidence-Based Practice Centers (EPCs) on the role of
omega-3 fatty acids (both from food sources and from dietary supplements) in the prevention or
treatment of a variety of diseases. These reports were requested by the National Institutes of
Health Office of Dietary Supplements and several institutes at the National Institutes of Health
(NIH). The three EPCs — the Southern California EPC (SCEPC, based at RAND), the Tufts-New
England Medical Center (NEMC) EPC, and the University of Ottawa EPC — have each produced
evidence reports. To ensure consistency of approach, the three EPCs collaborated on selected
methodological elements, including literature search strategies, rating of evidence, and data table
design.

The aim of these reports is to summarize the current evidence on the effects of omega-3 fatty
acids on prevention and treatment of cardiovascular diseases, cancer, child and maternal health,
eye health, gastrointestinal/renal diseases, asthma, immune-mediated diseases, tissue/organ
transplantation, mental health, and neurological diseases and conditions. In addition to informing
the research community and the public on the effects of omega-3 fatty acids on various health
conditions, it is anticipated that the findings of the reports will also be used to help define the
agenda for future research.

This report focuses on the effects of omega-3 fatty acids on cognitive function with aging,
dementia, and neurological diseases. Other reports from the SCEPC focus on cancer and immune-
mediated diseases, bone metabolism, and gastrointestinal/renal diseases.

This chapter provides a brief review of the current state of knowledge about the metabolism,
physiological functions, and sources of omega-3 fatty acids.

The Recognition of Essential Fatty Acids

Dietary fat has long been recognized as an important source of energy for mammals, but in
the late 1920s, researchers demonstrated the dietary requirement for particular fatty acids, which
came to be called essential fatty acids. It was not until the advent of intravenous feeding,
however, that the importance of essential fatty acids was widely accepted: Clinical signs of
essential fatty acid deficiency are generally observed only in patients on total parenteral nutrition
who received mixtures devoid of essential fatty acids or in those with malabsorption syndromes.
These signs include dermatitis and changes in visual and neural function. Over the past 40 years,
an increasing number of physiological functions, such as immunomodulation, have been
attribu‘gegl to the essential fatty acids and their metabolites, and this area of research remains quite
active.”



Fatty Acid Nomenclature

The fat found in foods consists largely of a heterogeneous mixture of triacylglycerols
(triglycerides)--glycerol molecules that are each combined with three fatty acids. The fatty acids
can be divided into two categories, based on chemical properties: saturated fatty acids, which are
usually solid at room temperature, and unsaturated fatty acids, which are liquid at room
temperature. The term “saturation” refers to a chemical structure in which each carbon atom in
the fatty acyl chain is bound to (saturated with) four other atoms, these carbons are linked by
single bonds, and no other atoms or molecules can attach; unsaturated fatty acids contain at least
one pair of carbon atoms linked by a double bond, which allows the attachment of additional
atoms to those carbons (resulting in saturation). Despite their differences in structure, all fats
contain approximately the same amount of energy (37 kilojoules/gram, or 9 kilocalories/gram).

The class of unsaturated fatty acids can be further divided into monounsaturated and
polyunsaturated fatty acids. Monounsaturated fatty acids (the primary constituents of olive and
canola oils) contain only one double bond. Polyunsaturated fatty acids (PUFAs) (the primary
constituents of corn, sunflower, flax seed, and many other vegetable oils) contain more than one
double bond. Fatty acids are often referred to using the number of carbon atoms in the acyl
chain, followed by a colon, followed by the number of double bonds in the chain (e.g., 18:1
refers to the 18-carbon monounsaturated fatty acid, oleic acid; 18:3 refers to any 18-carbon
PUFA with three double bonds).

PUFAs are further categorized on the basis of the location of their double bonds. An omega
or n notation indicates the number of carbon atoms from the methyl end of the acyl chain to the
first double bond. Thus, for example, in the omega-3 (n-3) family of PUFAs, the first double
bond is 3 carbons from the methyl end of the molecule. The trivial names, chemical names and
abbreviations for the omega-3 fatty acids are detailed in Table 1.1.

Finally, PUFAs can be categorized according to their chain length. The 18-carbon n-3 and n-
6 shorter-chain PUFAs are precursors to the longer 20- and 22-carbon PUFAs, called very-long-
chain PUFAs (VLCPUFAs).

Table 1.1. Nomenclature of omega-3 fatty acids.

Names Abbreviations
Trivial IUPAC* Carboxyl-reference | Omega-reference | Other
ALA
Linolenic acid 9,12,15-octadecenoic acid 18:3A° 1215 18:3n-3 a-LA
alpha-linolenic acid ’ 18:3 (-3) LNA
o-LNA
4,8,12,15,19- docosahexaenoic 22:6n-3
Docosahexaenoic acid | acid 22:6A%8 121519 996 (03 DHA
cervonic acid 6 (-3)
Docosapentaenoic 7,10,13,16,19- 710131619 22:5n-3
acid docosapentaenoic acid 22:5A 22:5 (0-3) DPA
Eicosapentaenoic acid . . B
Icosapentaenoic acid gc?d1 1,14,17- eicosapentaenoic | , 558111417 ggjgn 3 3 EPA
Timnodonic acid 5 (@-3)

*[UPAC=International Union of Pure and Applied Chemistry




Fatty Acid Metabolism

Mammalian cells can introduce double bonds into all positions on the fatty acid chain except
the n-3 and n-6 position. Thus, the shorter-chain alpha-linolenic acid (ALA, chemical
abbreviation: 18:3n-3) and linoleic acid (LA, chemical abbreviation: 18:2n-6) are essential fatty
acids. No other fatty acids found in food are considered ‘essential’ for humans, because they can
all be synthesized from the shorter chain fatty acids.

Following ingestion, ALA and LA can be converted in the liver to the long chain, more-
unsaturated n-3 and n-6 VLCPUFAs by a complex set of synthetic pathways that share several
enzymes (Figure 1.1). VLC PUFAs retain the original sites of desaturation (including n-3 or n-
6).

The omega-6 fatty acid LA is converted to gamma-linolenic acid (GLA, 18:3n-6), an omega-
6 fatty acid that is a positional isomer of ALA. GLA, in turn, can be converted to the longer-
chain omega-6 fatty acid, arachidonic acid (AA, 20:4n-6). AA is the precursor for certain classes
of an important family of hormone-like substances called the eicosanoids (see below).

The omega-3 fatty acid ALA (18:3n-3) can be converted to the long-chain omega-3 fatty
acid, eicosapentaenoic acid (EPA; 20:5n-3). EPA can be elongated to docosapentaenoic acid
(DPA 22:5n-3), which is further elongated, desaturated, and beta-oxidized to produce
docosahexaenoic acid (DHA; 22:6n-3). EPA and DHA are also precursors of several classes of
eicosanoids and docosanoids, respectively, are known to play several other critical roles, some of
which are discussed further below.

The conversion from parent fatty acids into the VLC PUFAs — EPA, DHA, and AA —
appears to occur slowly in humans. In addition, the regulation of conversion is not well
understood, although it is known that ALA and LA compete for entry into the metabolic
pathways.

Physiological Functions of EPA and AA

As stated earlier, fatty acids play a variety of physiological roles. The specific biological
functions of a fatty acid are determined by the number and position of double bonds and the
length of the acyl chain.

Both EPA (20:5n-3) and AA (20:4n-6) are precursors for the formation of a family of
hormone-like agents called eicosanoids. Eicosanoids are rudimentary hormones or regulatory
molecules that appear to occur in most forms of life. However, unlike endocrine hormones,
which travel in the blood stream to exert their effects at distant sites, the eicosanoids are
autocrine or paracrine factors, which exert their effects locally — in the cells that synthesize them
or adjacent cells. Processes affected include the movement of calcium and other substances into
and out of cells, relaxation and contraction of muscles, inhibition and promotion of clotting,
regulation of secretions including digestive juices and hormones, and control of fertility, cell
division, and growth.’

The eicosanoid family includes subgroups of substances known as prostaglandins,
leukotrienes, and thromboxanes, among others. As shown in Figure 1.1, the long-chain omega-6
fatty acid, AA (20:4n-6), is the precursor of a group of eicosanoids that include series-2



prostaglandins and series-4 leukotrienes. The omega-3 fatty acid, EPA (20:5n-3), is the precursor
to a group of eicosanoids that includes series-3 prostaglandins and series-5 leukotrienes. The
AA-derived series-2 prostaglandins and series-4 leukotrienes are often synthesized in response to
some emergency such as injury or stress, whereas the EPA-derived series-3 prostaglandins and
series-5 leukotrienes appear to modulate the effects of the series-2 prostaglandins and series-4
leukotrienes (usually on the same target cells). More specifically, the series-3 prostaglandins are
formed at a slower rate and work to attenuate the effects of excessive levels of series-2
prostaglandins. Thus, adequate production of the series-3 prostaglandins seems to protect against
heart attack and stroke as well as certain inflammatory diseases like arthritis, lupus, and asthma.?

EPA (0522:6 n-3) also affects lipoprotein metabolism and decreases the production of
substances — including cytokines, interleukin 18 (IL-1p), and tumor necrosis factor a (TNF-o)) —
that have pro-inflammatory effects (such as stimulation of collagenase synthesis and the
expression of adhesion molecules necessary for leukocyte extravasation [movement from the
circulatory system into tissues]).? DPA (22:5n-3), the elongation product of EPA, is metabolized
to DHA (22:6n-3). DHA (22:6n-3) is the precursor to a newly-described metabolite called
10,17S-docosatriene,* which is part of a family of compounds called ‘resolvins.”® They are in the
brain in response to an ischemic insult and counteract the pro-inflammatory actions of infiltrating
leukocytes by blocking interleukin 1-beta-induced NF-kappaB activation and cyclooxygenase-2
expression.’ DHA also plays a role in retinal rod outer segments by influencing membrane
fluidity so as to optimize G protein coupled signaling.” The mechanism responsible for the
suppression of cytokine production by omega-3 LC PUFAs and VLCPUFAs remains unknown,
although suppression of omega-6-derived eicosanoid production by omega-3 fatty acids may be
involved, because the omega-3 and omega-6 fatty acids compete for common enzymes in the
fatty acid metabolic pathway, including delta-6 desaturase, as well as the rate-limiting enzymes
in the eicosanoid pathway — phospholipases A2, cyclooxygenase, and lipoxygenase.

DPA (22:5n-3) (the elongation product of EPA) and its metabolite DHA (22:6n-3) are
frequently referred to as very long chain n-3 fatty acids (VLCFA). Along with AA, DHA is the
major PUFA found in the brain and is thought to be important for brain development and
function. Recent research has focused on this role and the effect of supplementing infant formula
with DHA (since DHA is naturally present in human breast milk but not in formula).

Dietary Sources and Requirements

Both ALA and LA are present in a variety of foods. LA is present in high concentrations in
many commonly used oils, including safflower, sunflower, soy, and corn oil. ALA is present in
some commonly used oils, including canola and soybean oil, and in some leafy green vegetables.
Thus, the major dietary sources of ALA and LA are PUFA-rich vegetable oils. The proportion of
LA to ALA as well as the proportion of those PUFAs to others varies considerably by the type of
oil. With the exception of flaxseed, canola, and soybean oil, the ratio of LA to ALA in vegetable
oils is at least 10 to 1. The ratios of LA to ALA for flaxseed, canola, and soy are approximately
1: 3.5, 2:1, and 8:1, respectively; however, flaxseed oil is not typically consumed in the North
American diet. It is estimated that on average in the U.S., LA accounts for 89 percent of the total
PUFAs consumed, and ALA accounts for 9 percent. Another estimate suggests that Americans



consume 10 times more omega-6 than omega-3 fatty acids.® Table 1.2 shows the proportion of
omega-3 fatty acids for a number of foods.

Figure 1.1. Classical omega-3 and omega-6 fatty acid synthesis pathways and the role of omega-3
fatty acid in regulating health/disease markers.
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Figure 1.2. Schematic diagram illustrating the role of the metabolism of the essential fatty acids in neuronal
signal transduction.
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Table 1.2. Sources and proportions of omega-3 fatty acids in common foods and supplements.

Food/supplement EPA DHA DPA ALA
20:5n-3 22:6n-3 22:5n-3 18:3n-3
Foods/Supplements in which Total Omega-3 Fatty Acids account for more than 50% of Total PUFA
Fish
Anchovy S S \/
Halibut V V J
Herring \ \ \/
Mackerel y Y \/
Salmon v Y \/
Sardine S Y v
Tuna
Canned, water packed S Y \/
Fresh Bluefin S \/ N
Oils/Supplements
Cod liver oils S Y \/
Coromega * S \/
Fish oil capsules* S \/
Flaxseed/linseed oil* N
Herring oil \ \ N
MaxEPA* J V
Menhaden oil v Y S
Neuromins* Y
Omacor* S Y
Ropufa* S Y v
Salmon oil S \/ \/
Sardine oil S \/ N

Seeds and other foods
Flaxseeds/Linseeds v
Spinach, cooked

Foods/Supplements in which total Omega 3 fatty acids are 10-50% of total PUFA

Qils

Black currant oil
Canola oilt
Mustard seed oils
Soybean oll
Walnut oil

Wheat germ oll

2L 2 2 2 2 2

Other foods
Wheat germ
Human milkf

< 2

Foods/Supplements in which total Omega 3 fatty acids are less than 10% of total PUFA

Efamol Marine* R N
Peanut butter
Soybeans
Olive oil
Walnuts

2 2 2 2

* Dietary Supplement; T Also called rapeseed oil; § The amounts of ALA, EPA, and DHA in human milk vary greatly as a
function of maternal diet; the amount of DHA rarely seems to exceed 25 percent of the total n-3 PUFA content (ALA is present
in the greatest amount), but that content as well as the proportion of DHA is assumed to meet the requirements of the infant.



Several lines of research have suggested that the high ratio of omega 6s to low levels of
omega-3 fatty acids currently consumed in the U.S. promotes a number of chronic diseases.
Whether or not the relatively high intake of omega-6 fatty acids independently contributes to this
problem® is currently uncertain. Because of the slow rate of elongation and further desaturation
of the essential FA, the importance of VLC PUFAs to many physiological processes, and the
overwhelming ratio of LA (omega 6s) to ALA (omega 3s) in the average U.S. diet, nutrition
experts are increasingly recognizing the need for humans to augment the body’s synthesis of
omega- 3 VLC PUFAs by consuming foods that are rich in these compounds. According to data
from two population-based surveys, the major dietary sources of LC omega-3 fatty acids in the
U.S. population are fish, fish oil, vegetable oils (principally canola and soybean), walnuts, wheat
germ, and some dietary supplements, and the primary dietary sources of omega-6 VLC PUFAs
are meats and dairy products. These surveys, the Continuing Food Survey of Intakes by
Individuals 1994-98 (CSFII) and the third National Health and Nutrition Examination (NHANES
IIT) 1988-94 surveys, are the main sources of dietary intake data for the U.S. population. The
CSFII has the advantage of collecting dietary recall data over a period of several days, which
may permit estimates of omega-3 intake that more accurately reflect individual intakes than do
those of NHANES, which represent 24-hour dietary recalls. However, NHANES intake data
have the advantage of being able to be linked to health outcomes. Table 1.3 provides a list of
food sources of omega-3 fatty acids.
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Table 1.3. Good food sources* of omega-3 fatty acids.

| EPA+DHA | ALA | EPA+DHA | ALA
Fish (30z. Cooked) Oils (1 Tbs.)
Anchovy N Canola \
Halibut N Cod liver v
Herring, Atlantic RN Flaxseed/linseed RN
Pacific \ Herring N
Mackerel, Atlantic v Menhaden N
Pacific N Salmon N
Salmon, Atlantict v Sardine N
Sardines N Soybean N
Trout, Rainbow v Walnut v
Tuna, Albacore \/ Wheat germ v
Canned light, water-packed N
Canned white, water-packed N
Fresh Bluefin N
Organ Meats (3 0z. Cooked) Seeds
Brain, lamb N Flaxseeds/linseeds (1 Tbs.) N
Brain, pork v
Thymus, calf v
Other Foods
Caviar (1 0z.) £ \
Human breast milk (1c) t \§ N
Soybeans, cooked (1/2c) N
Spinach, cooked (1/2c) N
Tofu, regular (1/2c) \
Walnuts (1/4¢) \
Wheat germ (1/4c) £ \

Source: Figures adapted from USDA, 2003; * Foods that provide (per serving) 10 percent or more of the Adequate Intake (AI)
for ALA or the Acceptable Macronutrient Distribution Range (AMDR) for EPA and DHA (10 percent of the AMDR for ALA);
an Al is a recommended average daily intake level based on observed or experimentally determined estimates of nutrient intake
by a group of apparently healthy people (thus, assumed to be adequate) when an RDA cannot be determined; an AMDR is
defined as “a range of intakes for a particular energy source that is associated with reduced risk of chronic disease while
providing adequate intake of essential nutrients.”; T Farm-raised Atlantic salmon have nearly identical omega-3 fatty acid
levels to wild Atlantic salmon and significantly more omega-3 fatty acids than wild Pacific salmon; § Standard serving size not
established; § See table note for Table 1.2.
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Table 1.4 shows the mean and median intakes of omega-3 and omega-6 fatty acids reported
by NHANES III." Table 1.5 shows the mean and median intakes of omega-3 and omega-6 fatty
acids reported by CSFII.

Table 1.4. Estimates of the mean intake of LA, ALA, EPA, and DHA in the U.S. Population from analysis of

NHANES IIl data.*

Grams/day Percent energy intake/day
Mean + SEM Median (range)t Mean + SEM Median (range)t
LA (18:2n-6) 14.1+£0.2 9.9 (0-168) 5.79 £ 0.05 5.30 (0 - 39.4)
ALA (18:3n-3) 1.33£0.02 0.90 (0-17) 0.55 + 0.004 0.48 (0-4.98)
EPA (20:5n-3) 0.04 £ 0.003 0.00 (0-4.1) 0.02 + 0.001 0.00 (0-0.61)
DHA (22:6n-3) 0.07 £ 0.004 0.00(0-7.8) 0.03 £ 0.002 0.00 (0 - 2.86)

* Based on analysis of a single 24-hour dietary recall from NHANES III data; T Distributions are not adjusted for the over-
sampling of Mexican —Americans, non-Hispanic African Americans, children five years old and under, and adults 60 years and
over in the NHANES III dataset.

Table 1.5. Mean, range, and median usual daily Intakes (ranges) of n-6 and n-3 PUFAs, in the U.S. population,
from analysis of CSFIl data (1994 to 1998).*

Mean (gms/d) Range of Means (gms/d) Median (gms/d) (+ SEM)t
(x SEM)t (£SEM)

LA (18:2n-6) 13.0+ 0.1 6.7+0.1-17.6 £ 0.5 12.0+0.1

Total n-3 FA 1.40 £ 0.01 0.72+£0.02-1.86 £ 0.04 1.30 £ 0.01

ALA (18:3n-3) 1.30 £ 0.01 0.72+0.02-1.73+0.04 1.21+0.01

EPA (20:5n-3) 0.028 0.002 - 0.049 0.004

DPA (22:5n-3) 0.013 0.001 -0.019 0.005

DHA (22:6n-3) 0.057 £ 0.018 < 0.0005 + 0.001 0.046 + 0.013

Source: Adapted from Dietary Reference Intakes Report;” * Estimates are based on respondents’ intakes on the first day of
survey and were adjusted using the Iowa State University method; T For all individuals.

Lacking sufficient evidence from research on the effects or correction of dietary deficiencies
to establish Recommended Dietary Allowances (RDAs) for the essential fatty acids, the Food
and Nutrition Board (FNB) of the Institute of Medicine’ has set adequate intakes" (AI) for the
essential fatty acids, based on the average intakes of healthy CSFII participants. The Als for the
essential fatty acids vary by age group and sex, as well as for particular conditions such as
pregnancy and breastfeeding. For ALA, the Al for men 19 and older, is 1.6 grams/day and the Al
for (non-pregnant, non-breastfeeding) women is 1.1 grams/day. The Al for LA is 17 grams/day
for men and 11 grams/day for women.

Based on evidence suggesting a role in prevention or treatment of some chronic diseases, the
FNB has also established Acceptable Macronutrient Distribution Ranges (AMDR) for the
essential fatty acids. An AMDR is defined as “a range of intakes for a particular energy source
that is associated with reduced risk of chronic disease while providing adequate intake of

" The population represented by NHANES III includes individuals ages 2 months and older. Mexican Americans and non-
Hispanic African-Americans, children 5 years old and younger, and adults 60 years of age and over were over-sampled to
produce more precise estimates for these population groups. There were no imputations for missing 24-hour dietary recall data. A
total of 29,105 participants had complete and reliable dietary recall data. The NHANES III also included a physical examination
and health survey of each participant.

i An Adequate Intake (Al) is defined as “the recommended average daily intake level based on observed or experimentally
determined approximations or estimates of nutrient intake, by a group (or groups) of apparently healthy people, that are assumed
to be adequate — used when a recommended dietary allowance cannot be determined.” An Al is set when data are insufficient or
inadequate to establish an Estimated Average Requirement, on which the RDA is based, and indicate the need for more and better
research. The EAR is “the average daily nutrient intake level estimated to meet the requirement of half the healthy individuals in
a particular life stage and gender group,” based on a specific indicator or criterion of adequacy.
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essential nutrients.” The AMDR is expressed as a percentage of total energy intake: The AMDR
for LA is set at five to 10 percent of usual energy intake, and the AMDR for ALA is 0.6 to 1.2
percent of energy intake. Of this amount, up to 10 percent can be consumed as EPA and/or DHA,
the omega-3 VLC PUFAs. For a person who consumes 2000 kcal/day, ALA intake should range
from 1.3 to 2.6 grams/day, and EPA/DHA intake can substitute for 0.13 to 0.26 of that quantity.
Table 1.3 lists foods that provide 10 percent or more of these recommended intakes per serving,
which may be referred to as “good sources.” " Table 1.6 provides the actual omega-3 content per
100 gm for a variety of foods.

Physiological Role of Omega-3 Fatty Acids in the Brain

About 50 to 60 percent of the dry weight portion of the human brain consists of lipids.
PUFASs constitute approximately 35 percent of that lipid content.'” Omega -3 fatty acids,
particularly EPA and DHA, play important roles in the development and maintenance of normal
central nervous system (CNS) structure and function. Along with the omega-6 fatty acid, AA,
DHA is a major constituent of neuronal membranes, making up about 20 percent of the brain’s
dry weight.'' Synapses contain a high concentration of DHA, which appears to play a role in
synaptic signal transduction.'? The metabolic pathways of the essential fatty acids that play an
important role in neuronal signal transduction are schematically illustrated in Figure 1.2. Release
of these fatty acids is involved in the phospholipase A, cycle following activation of various
neurotransmitter receptors. DHA is also important for normal cognitive development.' In
addition, the anti-inflammatory compounds for which DHA is a precursor may function in the
brain to protect against ischemic damage. PUFAs in general play important roles in structural
and functional maintenance of neuronal membranes, neurotransmission, and eicosanoid
biosynthesis,'” '* as well as in the maintenance of membrane fluidity and flexibility and in the
modulation of ion channels, receptors, and ATPases. The importance of PUFAs in maintenance
of adequate membrane rigidity is evidenced by the loss of fluidity that follows decreased in
PUFAs,"> ' leading to changes in the orientation and function of receptors and ion channels,
such as calcium and sodium channels. '

Work in animal models has reported superior learning and memory in animals fed omega-3
fatty acids compared with control animals.'” '® In transgenic mouse models, dietary DHA
improved memory, increased synapse density and decreased amyloid beta toxicity, thus
providing evidence of protection against AD and cognitive decline." >

" Identifying a food as a “good source” of a nutrient strictly means that one standard serving of the food supplies 10 to 19
percent of the Daily Value for that nutrient. The Daily Values are based on the FDA’s Daily Reference Values, standards for the
macronutrients (fats, protein, carbohydrates, and dietary fiber), which are similar, although not identical to the DRIs (RDAs) and
are based on the amount of energy consumed per day (2000 kcal/d is the reference for calculating DVs). In the case of the
PUFAs, no DVs have been established: For this report, the FNB’s Als and AMDRs, have been used instead.
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Omega-3 Fatty Acids in Neurologic Disorders

Deficiencies in omega-3 FA and/or an imbalance in the ratio of omega-6 FA to omega-3 FA
have been implicated in a variety of disorders affecting the CNS, including Alzheimer’s disease
(AD),?'° the peroxisomal biogenesis disorders (a collection of relatively rare neurological
conditions, of which Zellweger’s syndrome is one of the most common),”’* several psychiatric
disorders,” ' '** Parkinson’s disease,’* ** amyotrophic lateral sclerosis (ALS),”® Huntington’s
disease,’”™ ischemic brain injury,’® and multiple sclerosis (MS).***’ Indeed, dietary intake of
omega-3 FA has been associated with a reduced incidence of MS since the early studies of
Swank in the 1950s.>

Various animal and human studies have suggested several possible biological mechanisms
for the role of FA in disease processes. Evidence for a positive association between intake of
omega-3 FA and reduction of cardiovascular risk and adverse outcomes,”' along with the finding
that certain forms of dementia have been related to cardiovascular risk factors, suggest that one
mechanism linking FA and cognitive function or dementia may be atherosclerosis and
thrombotic events.”> Inflammation is another mechanism that may explain the role that omega-3
fatty acids play in dementia.>

Several intervention trials in human infants have investigated the effects of omega-3 FA on
cognitive development.”® ** Research has also shown these FA to be important in human infant
visual development. A meta-analysis of several intervention trials showed that healthy pre-term
infants who were administered DHA-supplemented formula had significantly higher visual
resolution acuity at two and four months of age compared with infants fed DHA-free formula.™

However, few clinical intervention trials have examined the role of omega-3 FA in changes
in cognitive function with aging and adult neurological conditions. The studies that have
investigated the relationship between omega-3 FA intake and cognitive function, dementia, or
other neurological diseases are mainly observational.

Rationale for and Organization of this Report

Epidemiological studies have suggested that groups of people who consume diets high in
omega-3 FAs may experience a lower prevalence of certain neurological conditions, particularly
cognitive impairment and dementia disorders. In addition, several studies have attempted to
assess the effects of adding omega-3 FA to the diet, either as omega-3 FA-rich foods or as
dietary supplements (primarily fish oils) in the treatment of certain neurological diseases, notably
MS.

In response to this evidence, a number of omega-3 FA-containing dietary supplements that
claim to protect against a variety of conditions have appeared on the market. Thus, AHRQ and
the National Institutes of Health (NIH) Office of Dietary Supplements (ODS) have requested a
synthesis of the research to date on the health effects of diets rich in omega-3 FA.

The remainder of this report is organized into four chapters. Chapter Two describes the
methods we used to identify and review studies related to the role of omega-3 FA in cognitive
function with aging, dementia, and other neurological diseases/conditions. We did not analyze
any studies on the role of omega-3 fatty acids in stroke because this topic has been addressed by
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the New England EPC in their report on Effects of Omega-3 Fatty Acids on Cardiovascular
Disease. Chapter Three presents our findings related to the effects of omega-3 FA on those
diseases/conditions. Chapter Four presents our conclusions and recommendations for future
research in this area.

Table 1.6 The omega-3 fatty acid content, in grams per 100 g food serving, of a representative sample of
commonly consumed fish, shellfish, fish oils, nuts and seeds, and plant oils.*

Food item EPA DHA ALA | Food item EPA DHA ALA
Fish (Cooked in dry heat Fish, continued

unless otherwise specified)

Anchovy, European 0.8 1.3 - Tuna, Fresh, Yellowfin trace 0.2 trace
Bass, Freshwater, Mixed Sp. 0.3 0.5 0.1 Tuna, Light, Canned in QOil trace 0.1 trace
Bass, Striped 0.2 0.8 trace | Tuna, Light, Canned in Water trace 0.2 trace
Bluefish 0.3 0.7 - Tuna, White, Canned in Oil trace 0.2 0.2
Carp 0.3 0.3 0.3 | Tuna, White, Canned in Water 0.2 0.6 trace
Catfish, Channel, farmed trace 0.1 0.1 Whitefish, Mixed Sp. 0.4 1.2 0.2
Cod, Atlantic trace 0.2 trace | Whitefish, Mixed Sp., Smoked trace 0.2 -
Cod, Pacific 0.1 0.2 trace | Wolf fish, Atlantic 04 04 trace
Eel, Mixed Sp. 0.1 0.1 0.6

Flounder & Sole Sp. 0.2 0.3 trace

Grouper, Mixed Sp. trace 0.2 - Shellfish (Raw)

Haddock 0.1 0.2 trace | Abalone, Mixed Sp., fried 0.1 0.1 0.1
Halibut, Atlantic and Pacific 0.1 0.4 0.1 Clam, Mixed Sp., moist heat 0.1 0.1 trace
Halibut, Greenland 0.7 0.5 0.1 Crab, Alaska King, moist heat 0.3 0.1 -
Herring, Atlantic 0.9 1.1 0.1 Crab, Blue, moist heat 0.2 0.2 -
Herring, Pacific 1.2 0.9 0.1 Crayfish, Mixed Sp., Farmed 0.1 trace trace
Mackerel, Atlantic 0.5 0.7 0.1 Lobster, Northern, moist heat 0.1 trace trace
Mackerel, Pacific and Jack 0.7 1.2 0.1 Mussel, Blue 0.3 0.5 trace
Mullet, Striped 0.2 0.1 trace | Oyster, Eastern, Farmed 0.2 0.2 0.1
Ocean Perch, Atlantic 0.1 0.3 0.1 Oyster, Eastern, Wild 0.3 0.3 0.1
Pike, Northern trace 0.1 trace | Oyster, Pacific 0.9 0.5 0.1
Pike, Walleye 0.1 0.3 trace | Scallop, Mixed Sp. 0.2 0.2 -
Pollock, Atlantic 0.1 0.5 - Shrimp, Mixed Sp. 0.2 0.1 trace
Pompano, Florida 0.2 0.5 - Squid, Mixed Sp., fried 0.2 0.4 0.1
Roughy, Orange trace - trace

Salmon, Atlantic, Farmed 0.7 1.5 0.1

Salmon, Atlantic, Wild 0.4 1.4 0.4 Fish Qils

Salmon, Chinook 1.0 0.7 0.1 Cod Liver Oil 6.9 11.0 0.9
Salmon, Chinook, Smoked (lox) 0.2 0.3 - Herring Oil 6.3 4.2 0.8
Salmon, Chum 0.3 0.5 trace | Menhaden Oil 13.2 8.6 1.5
Salmon, Coho, Farmed 0.4 0.9 0.1 Salmon Qil 13.0 18.2 1.1
Salmon, Coho, Wild 0.4 0.7 0.1 Sardine Oil 10.1 10.7 1.3
Salmon, Pink 04 0.6 trace

Salmon, Pink, Canned 0.8 0.8 0.1

Salmon, Sockeye 0.5 0.7 0.1 Nuts and Seeds

Sardine, Atlantic, Canned in Oil 0.5 0.5 0.5 Butternuts, Dried - - 8.7
Sea bass, Mixed Sp. 0.2 0.6 - Flaxseed 18.1
Seatrout, Mixed Sp. 0.2 0.3 trace | Walnuts, English - - 9.1
Shark, Mixed Sp., battered and 0.3 0.4 0.2

fried

Snapper, Mixed Sp. 0.1 0.3 0.1 Plant Oils

Swordfish 0.1 0.7 0.2 | Canola (Rapeseed) - - 9.3
Trout, Mixed Sp. 0.3 0.7 0.2 Flaxseed Oil - - 53.3
Trout, Rainbow, Farmed 0.3 0.8 0.1 Soybean Lecithin Oil - - 5.1
Trout, Rainbow, Wild 0.5 0.5 0.2 | Soybean Oil - - 6.8
Tuna, Fresh, Bluefin 0.4 1.1 - Walnut Oil - - 10.4
Tuna, Fresh, Skipjack trace 0.2 - Wheatgerm Oil - - 6.9

Source: Figures adapted from USDA, 2003; * Sp = species.

15







Chapter 2. Methodology

Objectives

The topic of this report was nominated by the NIH ODS. The three participating Evidence-
Based Practice Centers (EPCs) were asked to examine the effects of omega-3 fatty acids, in
general, and on the following conditions: Cardiovascular Disease, Transplantation, Immune-
Mediated Diseases, Gastrointestinal/Renal Diseases, Cancer, Neurological conditions, Asthma,
Child/Maternal Health, Eye Health, and Mental Health. The Southern California EPC (SCEPC)
was responsible for examining Immune-Mediated Diseases and Gastrointestinal/Renal Diseases
in Year-one of the project and Cancer and Neurological conditions in Year-two of the project.

Scope of Work

The methodology that we used for this study included the following:

Refining the preliminary questions provided by AHRQ,
Convening a technical expert panel to advise the SCEPC on the study,
Identifying sources of evidence in the scientific literature,

Establishing inclusion/exclusion criteria for the studies identified in the scientific
literature,

Identifying potential evidence with attention to controlled clinical trials using omega-3
fatty acids,

Evaluating potential evidence for methodological quality and relevance,
Extracting data from studies meeting methodological and clinical criteria,
Synthesizing the results,

Performing further statistical analysis on selected studies, as appropriate,
Performing meta-analyses where appropriate,

Submitting the results to technical experts for peer review,

Incorporating reviewers’ comments into a final report for submission to AHRQ.
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Original Proposed Key Questions

Preliminary questions for the project were developed by ODS in collaboration with the
following NIH Institutes: (a) National Cancer Institute (NCI); (b) National Eye Institute (NEI);
(c) National Heart, Lung, and Blood Institute (NHLBI); (d) National Institute of Alcohol Abuse
and Alcoholism (NIAAA); (e) National Institute of Allergy and Infectious Diseases (NIAID); (f)
National Institute of Arthritis and Musculoskeletal and Skin Diseases (NIAMS); (g) National
Institute of Child Health and Human Development (NICHD); (h) National Institute of Diabetes
and Digestive and Kidney Diseases (NIDDK); (i) National Institute of Mental Health; and (j)
National Institute of Neurological Disorders and Stroke (NINDS). The general and disease-
specific questions that were originally proposed are detailed in Appendix A.1.

Technical Expert Panel

Each AHRQ evidence report is guided by a Technical Expert Panel (TEP). The TEP advises
the SCEPC on refining the preliminary questions, determining the proper inclusion/exclusion
criteria for the studies, determining populations of interest, establishing proper outcome
measures, and conducting appropriate analyses.

We convened a TEP that focused on neurological diseases and conditions. The TEP was
composed of distinguished basic scientists and clinicians, with established expertise in omega-3
FA, human nutrition, dietary assessment methods, and neurology. In addition to the experts that
we identified, AHRQ and the NIH Institute of Neurological Disorders and Stroke (NINDS) and
Institute on Aging (NIA) recommended a number of industry experts. The members of our
technical expert panel are listed by name along with a summary of their key comments and
recommendations in Appendix A.2.

Key Questions Addressed in this Report
Based on input from our TEP, the preliminary disease-specific questions were revised. The
questions that are addressed in this report are as follows:

« What is the evidence that omega-3 fatty acids play a role in maintaining cognitive
function in normal aging?

« What is the evidence that omega-3 fatty acids affect the incidence of dementia including
Alzheimer’s disease?

« What is the evidence that omega-3 fatty acids are effective in the treatment of dementia
including Alzheimer’s disease?
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« What is the evidence that omega-3 fatty acids affect the incidence of neurological
diseases?

« What is the evidence that omega-3 fatty acids prevent the progression of multiple
sclerosis?

Identification of Literature Sources

Potential evidence for our study came from three sources: on-line library databases, the
reference lists of all relevant articles, and industry experts.

Jessie McGowan, Senior Information Scientist, and Nancy Santesso, Knowledge Translation
Specialist, at the University of Ottawa were responsible for developing a common search
strategy for omega-3 FA for the 3 participating EPCs. Nancy Santesso developed a core omega-3
search strategy in collaboration with project librarians, biochemists, nutritionists, and clinicians,
who also provided biochemical names, abbreviations, food sources, and commercial product
names for omega-3 FA. The literature search was not restricted by language of publication or by
study design, in order to increase sensitivity. When possible, the searches were limited to studies
involving human subjects. The core search strategy is detailed in Appendix A.4.

For the SCEPC, this core search strategy was incorporated into a search for cognitive
function with aging, Alzheimer’s disease, and other neurological diseases/conditions. The
strategy for this search is detailed in Appendix A.4.

The following databases were searched: Medline (1966-2003), Premedline (December,
2003), Embase (1980- 2003), Cochrane Central Register of Controlled Trials (4th Quarter,
2003), CAB Health (1973-2003), Dissertation Abstracts (1861-2003). All of these databases
were searched using the Ovid interface, except CAB Health, which was searched through
SilverPlatter. Any duplicate records were identified and removed within each search question
using Reference Manager software. The citations obtained from these literature searches were
sent to the SCEPC via e-mail.

Two experienced reviewers, Walter Mojica and Amalia Issa, who were blinded to study
authors and sources independently evaluated the citations and corresponding abstracts, if
available. The reviewers selected article titles that focused on omega-3 FA and normal cognitive
function with aging, dementia, and other neurologic diseases/conditions. In addition, they
selected article titles that pertained to the disease conditions of the other participating EPCs.
Language was not a barrier to inclusion. Articles that either reviewer selected were ordered, as
well as those articles whose relevance could not be determined from the title or abstract. The
articles were ordered from the UCLA library, or Infotrieve, a Los Angeles-based literature
retrieval firm with contacts around the world. The literature was tracked using ProCite and
Access software.

In addition, we sent letters to industry experts recommended by the ODS to obtain any
unpublished data (Figure A.3.1).
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Evaluation of Evidence

Two experienced reviewers, Walter Mojica and Amalia Issa, independently reviewed each
article that was ordered, to determine whether it should be accepted for further study, using a
structured screening form (shown in Figure B.1, Appendix B) that included a defined set of
inclusive/exclusive criteria (Table A.5.1, Appendix A.5). Walter Mojica is a physician with
extensive experience in the science of systematic reviews and evidence-based medicine. Amalia
Issa is a clinical neuroscientist with a background in AD research. Briefly, human controlled
clinical trials (randomized and non-randomized), prospective cohort studies, case-control studies
and case series were included; case reports were excluded. For inclusion, studies also had to
describe assessing a difference between omega-3 fatty acids content in study arms for all study
designs except case series, and describe the effect of omega-3 fatty acids on any of the following
outcomes: cognitive decline with normal aging, incidence of dementia, progression of dementia,
incidence of neurological disease, progression of MS. The reviewers resolved any disagreements
by consensus. Reviewers were blinded to author and journal when reviewing titles and abstracts,
but not when reviewing articles.

Extraction of Data

For the studies that passed our screening criteria, two reviewers independently abstracted
detailed data onto a specialized quality review form (QRF) (Figure B.2, Appendix B).

Walter Mojica and Amalia Issa independently reviewed all of the studies. The reviewers
resolved differences through consensus, and a senior physician researcher, Catherine MacLean,
resolved any disagreements that could not be resolved through this method.

The QRF included questions about the study design; the outcomes of interest; study sample
characteristics; details on the intervention, such as the dose, frequency, and duration; adverse
events; the elapsed time between the intervention and outcome measurements, and, the types of
outcome measures.

We consulted with several outside scientists to complete QRFs for foreign-language articles.
Foreign language articles were reviewed as follows. Spanish-language articles were reviewed by
Walter Mojica, French-language articles by Amalia Issa who are fluent in these languages. For
other foreign-language articles, a single reviewer who is fluent in the language worked with
Catherine MacLean to complete the standard abstraction form.
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Grading Evidence

Methodologic Quality of Randomized Controlled Trials

To evaluate the quality of the design and execution of trials, we also collected information
about the study design, appropriateness of randomization, blinding, description of withdrawals
and dropouts, and concealment of allocation. A score for quality was calculated for each trial
using a system developed by Jadad (Appendix A.6, Figure A.6.1). The Jadad score rates studies
on a scale of 0 to 5. Empirical evidence has shown that studies scoring 2 or less report
exaggerated results compared with studies scoring 3 or more.*® Thus, studies with a Jadad score
of 3 or more are referred to as “high quality,” and studies scoring 2 or less are referred to as
“poor quality.” For our purposes, if a trial was associated with more than one study, its quality
score was equal to the maximum score calculated across its associated studies. Additionally, a
generic summary quality score (A, B, C) was assigned to each study based on the combination of
its Jadad score and reporting of concealment of allocation (Appendix A.6, Table A.6.1).

Methodologic Quality of Observational Studies

To evaluate the quality of the design and execution of observational studies, we collected
information about the validity of ascertainment of cases and exposure, description of
withdrawals and dropouts, and adjustment for confounders and blinded assessment of exposure
and case status when ascertaining case and exposure status, respectively.>” *® We also described
whether exposure occurred prior to the outcome, whether study groups were comparable, and
whether there appeared to be selection bias. A score for quality was not calculated for
observational studies, as there is no validated method to do so.

Applicability

This report focuses on the U.S. population as a whole. To capture the potential applicability
of studies to the different populations of interest as defined in the scope of work (namely aging
Americans or Americans with dementia or other neurological diseases/conditions), we
categorized the populations in the studies we reviewed in terms of 1) applicability to the U.S.
population and 2) health state (Appendix A.6, Table A.6.2). In the summary tables, each study
receives a combined applicability grade based on the applicability and health state.

Data Synthesis

Because too few studies were identified to perform pooled analyses (meta-analysis), we
performed a qualitative synthesis of the evidence.

This report is organized by five different study questions. For each study question we
describe the number and design of studies identified that pertained to the question and describe
the overall effect of omega-3 fatty acids across the studies. We describe the unit of analysis for
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omega-3 consumption, i.e. fish, total omega-3, DHA, EPA or ALA. We summarized the point
estimates and statistical testing that were described in the original studies and state when these
parameters were not reported. We specifically comment on whether the studies assessed the
effects of omega-3 fatty acids on sub-populations, the effects of covariates on outcomes, the
effects of omega-3 fatty acid source, dose and exposure duration and sustainment of effect after
treatment with omega-3 fatty acids. When these parameters were assessed they were described.
We also describe the quality and applicability of the studies for each topic. Of note, we describe
whether information on covariates was reported in two ways and for two reasons. First, we report
whether covariates had a specific effect on the outcome of interest and the magnitude of the
effect if it was significant. Second, we report whether there was adjustment for covariates as a
measure of methodologic quality.

Peer Review

This draft report was sent for review to a select group of experts in omega-3 fatty acids,
epidemiology, nutrition, and cancer. The names, expertise, and affiliations of the peer reviewers
are listed in Table A.7.1, Appendix A. Additionally, this draft report was sent to the members of
the TEP for review. Service as a peer reviewer or as a technical expert panelist does not imply
agreement or endorsement of the findings of this report.
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Chapter 3. Results

Results of Literature Search

Figure 3.1 displays the flow of the literature review. The University of Ottawa EPC e-mailed
us 5,848 citations as a result of their computerized library searches, our reviewers found 17
additional citations as a result of reference mining, and peer reviewers suggested three citations
not identified by these sources for a total of 5,868 citations. Our two reviewers considered 505 of
these article titles to be relevant to our research topics. We were able to retrieve 500 (99%) of
these articles.

Of the 500 articles retrieved, 438 were rejected (Figure 3.1). We identified 62 studies that
passed the preliminary screening criteria and went on to the QRF stage. At this stage of review,
we further excluded studies from our final analysis set based on study design and whether the
study assessed effects of omega-3 fatty acids on topics relevant to this report, i.e. the incidence
and treatment of dementia, cognitive decline with normal aging, the incidence of other
neurological diseases, and the progression of MS. Among the 62 studies reviewed with a QRF,
50 were rejected. Among the rejected studies, six had no difference in omega-3 fatty acid content
among study arms. The other 44 articles that were rejected did not describe a condition,
population, or outcome that was relevant to this report. The remaining 12 articles met our
inclusion criteria and are described in detail in this report.

Note: Appendices and Evidence Tables cited in this report are provided electronically at
http://www.ahrg.gov/clinic/epcindex.htm
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Figure 3.1. Literature flow.

Library Search: Titles Reviewed Reference Mining: Peer Reviewer Suggestions:
(n =5,848) (n=17) (n=3)

l | |
vy v

Titles reviewed:
(n =5,868)

——»{ 5363 Rejected on Title and/or Abstract Review |

A
| 505 Articles Requested |

4* 5 Not Found ‘

| 500 Articles Screened |

438 Rejected:

144 Condition

161 Topic

15 Population

24 Study Design: Descriptive

63 Study Design: Review/ Meta-analysis

23 Study Design: Not Appropriate

1 Duplicate

1 Not Omega-3

6 No difference in Omega-3 content among
arms

62 Articles Quality Reviewed

50 Rejected:

6 Could not ascertain Omega-3 effect across
arms*

44 No criteria or outcomes of interest

>

12 Articles Included in Evidence Tables and
Reviewed for Supplementary Analyses

v v v v

Cognitive Incidence of Treatment of Incidence of Progression of
function in dementia dementia neurological multiple
normal aging diseases sclerosis

(n=1) (n=3) (n=1) (n=4) (n=3)

* Omega-3 effects might not be ascertainable for a variety of reasons, including Omega-3 given in conjunction with another
supplement and the effect of Omega-3 not quantified.
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Effects of Omega-3 Fatty Acids

Summaries of all evaluated neurological studies can be found in Appendix C (Tables C.1
through C.4).

Cognitive Function in Normal Aging

Overall effect. We identified one study that evaluated the effect of omega-3 FA on cognitive
function in community-dwelling elderly persons. This study™ investigated the association
between omega-3 FA and cognitive function in a cohort of 818 community-dwelling men
(ranging in age from 64 to 84 years old) living in the Dutch town of Zutphen, who were
participants in the Zutphen Elderly Study, a longitudinal study on risk factors for various chronic
diseases. Data about dietary intake were collected by trained interviewers in 1985, 1990, and
1993, and data about cognitive function were collected in 1990 and 1993. Complete dietary
information was collected on 476 men, and complete information regarding cognitive function
was collected on 342 men. The relationship between both fish consumption and total omega-3
fatty acid consumption and both cognitive impairment and cognitive decline were assessed.
Cognitive impairment was defined as a MMSE score < 25; cognitive decline was defined as a
drop of more than two points in the MMSE over a 3-year period, which corresponds to the 15"
percentile of change. Compared with no fish consumption, fish consumption was inversely
associated with cognitive impairment in crude analyses, but not after adjustment for multiple
variables (Table 3.1). Fish consumption was also inversely associated with development of
cognitive decline, though not significantly so (Table 3.1). Total omega-3 fatty acid consumption
was not related to cognitive impairment or cognitive decline (Table 3.1).

Sub-populations. This study did not evaluate the differential effects of omega-3 FA on
distinct subpopulations.

Covariates. Although analyses adjusted for a number of different covariates in a
multivariable regression model (Table 3.1), the effects of specific covariates on the association
between omega-3 fatty acid consumption and cognitive function were not described.

Effects of source, dose, and exposure duration.

Source: This study assessed omega-3 fatty acid effects in terms of fish consumption and total
omega-3 fatty acid consumption. Fish consumption was associated with a reduced risk of
cognitive impairment but had no association with cognitive decline; omega-3 fatty acid
consumption was not associated with either outcome.

Dose: Dose effect was not assessed for fish. A dose effect was observed for omega-3 fatty
acid consumption and cognitive impairment on unadjusted analyses (p for trend = 0.9), but not
on adjusted analyses. No dose effect was found with omega-3 fatty acid consumption and
cognitive decline.

Exposure Duration: Effects of exposure duration were not assessed.

Sustainment of Effect. Sustainment of effect was not reported.
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Quality and Applicability. Parameters of methodologic quality are as follows:

This study adjusted for confounders, had valid ascertainment of exposures and outcomes,
ascertained that exposure occurred before outcome measurement, and described withdrawals and
drop outs. It did not blind to exposure/outcome and did not describe selection bias.

This study had an applicability rating of 11 because the population sampled included only males.
Thus, although this study represented a relevant sub-group of the target population, it was not
representative of the entire target population because of its exclusive sampling of one gender.
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Table 3.1. Risk of cognitive impairment or decline in normal aging reported in a cohort study with consumption of omega-
3 fatty acids, by categorization of omega-3 fatty acid intake.*

,\B(\uthor, Study arm Estimates of effect
ear Outcome (quartile, ) o o
Cohort quintile or n  JAmount Age-adjusted OR Multivariable RR  [Multivariable
dose group) (95% CI) (95% CI) Adjustors
Fish
Cognitive
Kalmgn, impairment None NR none 1.0 1.0
1997%
Zutphen High NR >0-20 g/day | 0.43 (0.23-0.78) 0.63 (0.33-1.21) Age, education
Elderly cigarette
Study Total 476 p = 0.004% p=0.13f | smoking, alcohol
Cognitive consumption,
; None NR none NR 1.0 energy intake,
decline baseline MMSE
. score.
High NR >0-20 g/day | NR 045 (0.17-1.16)
Total 342 p =0.09%
Omega-3 fatty acidst
Cognitive
Kalmyn, impairment | Low NR 0-37.5 1.00 NR
Zutphen
Elderly . 37.5-155.5 1.09
Study Medium NR mg/day (0.65-1.80) NR
155.5-
High NR 2,110.5 0.96 (0.57-1.62) NR
mg/d
Age, education,
Total 476 p=0.9% cigarette
smoking, alcohol
o consumption,
Cogmtwe 0-375 energy intake,
decline Low NR | g/day 1.00 NR NR baseline MMSE
score.
Medium NR | 3751955 1 ge5  (040-1.82) | NR
mg/day
155.5-
High NR 2,110.5 0.78 (0.35-1.73) NR
mg/d
Total 342 p=0.5

*NR= not reported; t EPA and DHA; ¥ test for trend.
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Incidence of Dementia

Overall effect. We identified three prospective cohort studies® % ®' that evaluated the effect
of omega-3 FA on the incidence of dementia (Table 3.2). All three of the studies assessed the
incidence of dementia relative to fish consumption; one also assessed risk relative to total
omega-3 fatty consumption and relative to consumption of ALA, EPA, and DHA, individually.?®
Fish intake was associated with a significant reduction in the incidence of non-Alzheimer’s
dementia in all three studies,?" %" although in one,? statistical significance was barely lost with
multivariable adjustment®* (Table 3.2). Fish consumption was associated with a reduced risk of
Alzheimer’s dementia in all three of the studies; the association was statistically significant in
one® and nearly so in the other two*" 2 (Table 3.2). Total omega-3 fatty acid consumption and
consumption of DHA were associated with a significant reduction in the incidence of
Alzheimer’s disease; consumption of ALA and EPA were not*® (Table 3.2).

Sub-populations. One study assessed whether gender modified the effect of total omega-3
fatty acid consumption or consumption of fish, ALA, EPA, or DHA.? Total intake of omega-3
fatty acids was protective in females only (p for interaction= 0.02); gender did not modify the
effect of fish, ALA, EPA, or DHA.

23,67 assessed the influence of covariates on the effect of

Covariates. Two of the studies
omega-3 FA on incidence of dementia.

In one study,? the multivariable relative risks for intakes of total omega-3 fatty acids, DHA,
and EPA did not change when adjusted for vitamin E intake, other fat intake, and cardiovascular
disease. In the same study, multivariable risks for intake of ALA were reported as approximately
1.0 with adjustment for vitamin E but not affected by adjustment for cardiovascular disease;
intake of ALA was strongly protective among people with the APO-E-4 genotype (RR = 0.08 per
natural log {milligram} increase in ALA, p =0.02).

In the other study,’’ estimates of relative risk did not change with adjustment for cigarette
smoking, alcohol consumption, fiber consumption, antioxidant intake, stroke, myocardial
infarction, or serum total and high-density lipoprotein cholesterol.

Effects of source, dose, and exposure duration.

Source: Fish consumption was associated with a significantly reduced risk of dementia in
three of the studies.? In the one study that assessed the effect of total omega-3 fat consumption,
ALA, DHA, and EPA on the incidence of dementia, total omega-3 and DHA were associated
with significant reduced risk in multivariable analyses; ALA and EPA were not.

Dose: Dose effects were observed for fish in one study®’ and for total omega-3 consumption
and DHA in another?® (p for trend <0.05 for each) (Table 3.2).

Exposure Duration: None of the studies addressed exposure duration.

Sustainment of effect. Sustainment of effect was not assessed in any of the studies.
Quality and applicability. Among these three studies, all adjusted for confounders, reported

using valid methods to ascertain outcomes, and confirmed that the exposure occurred prior to the
outcome.
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One study did not describe a valid method to ascertain dietary intake” (method used was not
described). One of the studies explicitly described whether the investigators were blinded to
information on exposure when obtaining data on outcome or on outcome when obtaining data on

23,34,61
exposure.
Of the three studies, two?®" had an applicability rating of I (applicable to the general target

population of adults). One study received an applicability rating of Il because it was performed
in France.?!
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Table 3.2. Risk of dementia reported in prospective cohort studies for different categories of consumption of omega-
3 fatty acids, by category of consumption.*

Study.arm Estimates of effect
Author, Year [Type of E}quL:ﬁzitllleec,Jr Totaln| N°- of |Amount by ) o )
Cohort dementia Jose Cases |[category Agegdslou/osg‘;i RR MUltlvarl?é)slt;)aglj)usted RR Multivariable Adjustors
group)
FISH
Barberger- Dementia 1 NR NR NR 1.0 1.0
Gateau,
200221 At least 0.6 0.7
PAQUID 2 1122 124 once a 6:1' (0.47-0.93) 3:|' (0.52-1.03)
(Personnes __ week Age, sex, education
Agées Alzheimer's | 1 NR NR NR 1.0 NR
QUID) Study | disease Atleast | g
2 1122 99 once a 9:T (0.47-1.01) NR
week
Total 1122 | 223
Kalmiin, Total 1 1807 58 <3g/day | NR 1.0
1997 dementia )
Rotterdam 2 1773 58 3.0-18.5 NR 0.8 (0.4-1.4) Age, sex, education, total energy
Study g/day intake.
3 1806 | 58 > 18.5 NR 04  (0.2:09)
g/day
58 p=0.03f
/;,'Zheimer’s 1 1807 37 <3g/day |NR 1.0
isease
without 2 1773 | ¥ 3}2'18'5 NR 09  (0.4-1.8)
vascular 37 g 1gy5
component | 3 1806 ' NR 03  (0.1-0.9)
g/day
37 p = 0.005%
D ti
witha |1 1807 | 12 <3g/day |NR 1.0
vascular 12 3.0-18.5
component | 2 1773 glday NR 06  (0.2-2.5)
3 1806 12 > 18.5 NR 07  (0.2-2.8)
g/day
Total 5386 | 12 p=0.39%

* NR = not reported, g = grams; T hazard ratio;  age and sex adjusted; test for trend; § Authors report that 40% of participants had

0 g/day of intake.
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Table 3.2 (continued). Risk of dementia reported in prospective cohort studies for different categories of
consumption of omega-3 fatty acids, by category of consumption.**

Study Estimates of effect
arm
Author, Year ([Type of (unartll Total n No. of |Amount by A di d RR Multivariable adi d RR
Cohort dementia T Cases |[categor ge adjuste ultivariable adjuste ivari i
quintile gory (95% Cl) (95% Cl) Multivariable Adjustors
or dose
group)
FISH
Morris, Alzheimer’s 1 121 32 never 1.0 1.0
2003% disease
Chi 1-3 (0.3
Icago 2 250 39 servings/ | 0.7 - 0.6 (0.3-1.3)
Health and
; ; month 1.6)
Aging Project , N
1 serving/ (02 Age, sex, race, education, vitamin
3 296 43 week 0.5 - 0.4 (0.2-0.9) | E intake, other fat intake,
1.0) cardiovascular disease, APO-g4
>2 0.2 status.
4 148 26 servings/w | 0.6 - 0.4 (0.2-0.9)
eek 0.9)
p =
Total 815 | 140 0.18 p=0.07f
t
Omega-3 fatty acids
Morris, Alzheimer’s Age, sex, race, education, vitamin
2003% disease ! NR 32 0.9 g/day 10 10 E intake, other fat intake,
Chicago (0.4 cardiovascular disease, APO-g4
Health and 2 NR 30 1.13 g/day | 1.1 - 1.2 (0.5-3.0) | status.
Aging Project 2.9)
0.2
3 NR 22 1.30 g/day | 0.5 - 0.6 (0.2-1.7)
1.4)
(0.2
4 NR 24 1.49 g/day | 0.6 - 0.7 (0.3-1.6)
1.5)
(0.1
5 NR 23 1.75g/day | 0.3 - 0.4 (0.1-0.9)
0.7)
p =
Total 815 | 131 0.0 p=0.01%
1%

NR = not reported, g = grams; T hazard ratio; T age and sex adjusted; test for trend; § Authors report that 40% of participants had 0

g/day of intake.
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Table 3.2 (continued). Risk of dementia reported in prospective cohort studies for different categories of

consumption of omega-3 fatty acids, by category of consumption.*

Study arm Estimates of effect
Author, Year [Type of (quL:ﬁ{itlllee(’)r Total n No. of |Amount by
Cohort dementia K Cases [category Age-adjusted RR Multivariable adjusted RR - .
dose o o Multivariable Adjustors
group) (95% CI) (95% CI)
ALA
Morris, Alzheimer's | 1 NR 26 0.72g/day | 1.0 1.0
2003 disease
Chicago 2 NR 33 | 0.92g/day | 1.7 (0.7-3.8) 18 (0.8-3.8) Age, sex, race, education, vitamin E
Heglth anq 3 NR 24 1.06g/day 0.8 (0.4-1.9) 0.8 (0.4-2.0) intake, other fat intake,
Aging Project 4 NR 25 | 1.23g/day |08 (04-17) |09  (04-2.0) cardiovascular disease,
APO-¢e4 status.
5 NR 23 1.46g/day 0.5 (0.2-1.1) 0.7 (0.3-1.6)
Total 815 | 131 p=0.01% p=0.10%
DHA
Morris, 2003 | Alzheimer's | 1 NR 28 0.03 g/day 1.0 1.0
28 disease 45
Chicago 2 NR 0.05g/day | 0.8 (0.321) |08  (0.3-2.1) Age, sex, race, education, vitamin
Health and 3 NR 14 0.06 g/day 0.4 (0.1-1.1) 0.4 (0.1-1.0) E intake, other fat intake,
Aging Project 4 NR | 19 007giday |03  (0109) |02  (0.1-08) cardiovascular disease, APO-¢4
status.
5 NR 25 0.10 g/day 0.4 (0.2-1.1) 0.3 (0.1-0.9)
Total 815 | 131 p =0.05% p =0.02f

* NR = not reported, g = grams; T hazard ratio; T age and sex adjusted,; test for trend; 8§ Authors report that 40% of participants had
0 g/day of intake.
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Table 3.2 (continued). Risk of dementia reported in prospective cohort studies for different categories of

consumption of omega-3 fatty acids, by category of consumption.*

Estimates of effect

Study arm
Author, Year [Type of (quL:ﬁ[itlllee(’)r Total n No. of |Amount by
Cohort dementia gose Cases |category Age adjusted RR | Multivariable adjusted RR |\ oo ) o
group) (95% Cl) (95% Cl) 1
EPA
%Iorris, 2003 leheimer’s 1 NR 55 0.0 g/day 1.0 1.0
isease
Chicago 2 NR NR§ 0.0 g/day NR§ NR§ NR§ NR§ Age, sex, race, education, vitamin
Health and E intake, other fat intake,
Aging Project 3 NR 35 0.01 g/day 1.0 (0.4-2.4) 1.1 (0.4-2.8) cardiovascular disease, APO-g4
4 NR 14 0.02 g/day 05  (0.2-1.2) 0.5 (0.2-1.2) status.
5 NR 27 0.03 g/day 09  (0.4-2.1) 0.9 (0.4-2.3)
Total 815 | 131 p =0.40% p = 0.40%

* NR = not reported, g = grams; T hazard ratio;  age and sex adjusted; test for trend; § Authors report that 40% of participants had
0 g/day of intake.




Treatment of Dementia

Overall effect. We identified one study? that assessed the efficacy of omega-3 FA as a
treatment for dementia. This RCT assessed the effect of supplementation with DHA on
cognitive function among 20 elderly nursing home residents with vascular dementia. Cognitive
functioning was evaluated using Hasegawa’s Dementia rating scale (HDS-R) and MMSE
scores at baseline, and after 3, 6, and 12 months. Baseline Hasegawa’s Dementia rating scale
and MMSE scores were 15 to 22, consistent with mild to moderate dementia. HDS-R and
MMSE scores improved in the DHA-treated group but not among patients who were not treated
with DHA (Table 3.3). Comparisons between groups were significant at 3 and 6 months for the
HDS-R and at 6 months for the MMSE.

Sub-populations. The study did not evaluate the differential effects of omega-3 FA on
distinct subpopulations.

Covariates. The study did not evaluate covariates.

Effects of source, dose, and exposure duration.

Source: The source assessed was DHA.

Dose: A single dose of 4.3 g of DHA was administered; dose effect was not assessed.

Exposure Duration: The duration of exposure was 12 months. Significant differences
between study groups were observed after 3 months and after 6 months, but not after 12
months.

Sustainment of effect. Sustainment of effect was not assessed in either report.

Quality and applicability. Although this trial is described as randomized, the
randomization is not described as double-blind, and there is no description regarding blinding
or withdrawals/dropouts. The study® had an applicability rating of 11 with a summary quality
score of C (Jadad score = 1; concealment of allocation was not reported); thus it can be
considered of poor quality (Table 3.4).
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Table 3.3.The effect of omega-3 fatty acids on the treatment of dementia in one randomized controlled trial
stratified by outcome.*

Author, Year Results

Terano, 19942 Total n Before After 3 months After 6 months After 12
months

Mean scores of HDS-R

Standard nursing home diet 10 16.3 16.7 16.7 15.3

Standard nursing home diet PLUS

DHA 4.3 grams/day 10 17.2 20.61 19.9t 20.2

Mean scores of MMSE

Standard nursing home diet 10 19.7 19.4 19.67 19.1

Standard nursing home diet PLUS

DHA 4.3 grams/day 10 201 21.3 22.2 21.9

*HDS-R = Hasegawa’s Dementia rating scale; MMSE = Mini Mental Status Exam; t p < 0.05 for comparisons between
groups with paired t-test.
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Table 3.4. Relationship between methodologic quality and applicability for estimates of effect of
omega-3 fatty acid consumption on treatment of dementia in randomized controlled trials (RCTs).

Methodologic Quality

Applicability

Terano®
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Incidence of Neurological Diseases

Overall effect. We identified four studies®* > %! that specifically addressed the
association of omega-3 FA consumption with risk or incidence of particular neurological
diseases other than dementia: two assessed the incidence of MS,* ! one assessed the risk
of Parkinson's disease,* and one assessed the risk of cerebral palsy®® (Table 3.6).

The relationship between dietary intake of omega-3 FA and incidence of MS was
assessed in two reports; one pooled data from two large cohorts of women from the
Nurses” Health Study (NHS) and the Nurses’ Health Study I (NHS I1),** and the other
used a case-control design.** The prospective cohort study assessed the effect of omega-3
fatty acids in terms of fish consumption, fish omega-3 FA, ALA, EPA, and DHA (Table
3.6). ALA was associated with a reduced risk of MS in both cohorts that did not reach
statistical significance (pooled RR = 0.3; 95% C.I1. 0.1 — 1.1) (Table 3.6). Intakes of
omega-3 FA, EPA, or DHA were not associated with MS incidence. Relative risk
estimates pooled for both NHS and NHS 11 cohorts for omega-3 FA intake (fish) were 1.1
(95% C.1. 0.9 - 1.3), for EPA intake, 1.3 (95% 0.9 -1.9), and 1.1 (95% C.I. 0.9-1.5) for
DHA intake (Table 3.6). The case-control study* evaluated 197 incident MS cases and
202 age-, sex- and neighborhood-matched controls and found no significant association
between fish consumption and risk of MS overall (OR =0.91, 95% C.I. 0.78 - 1.05).
However, fish consumption was significantly associated with a lower risk of MS in
females only (OR = 0.83, 95% C.I. 0.69 - 1.00; p<0.05) (Table 3.6).

The relationship between dietary intake of omega-3 FA and incidence of Parkinson’s
disease was assessed in one report that pooled data from two large prospective cohorts,
the Health Professionals Follow-up Study and the Nurses' Health Study. This study
assessed the effect of omega-3 FA in terms of omega-3 fats from fish, ALA, EPA, and
DHA over a six- to eight-year period (Table 3.6). There was no significant association
between fish omega-3 FA, ALA, EPA, or DHA intake and risk of Parkinson's disease (p
for trend = 0.9, 0.9, 0.9 and 0.8, respectively).

In a pooled analysis of men and women across two cohorts, ALA was associated with
a reduced risk of developing Parkinson’s disease (RR = 0.65, 95% CI 0.46, 0.91 for
comparison of highest to lowest quintiles of risk). Among women, there was a significant
trend but no significant risk reduction for any individual quintile of consumption. This
finding is particularly noteworthy given the statistical power of the Health Professionals
Follow-up Study and the Nurses' Health Study and the longitudinal analysis of dietary
intake in these studies.

One study® evaluated the effects of maternal dietary intake on the risk of cerebral
palsy in offspring in a case-control study of 91 cases of cerebral palsy identified from
statistics of hospitals and rehabilitation centers in Greece and 246 neighborhood controls.
Mothers of cases and controls were interviewed about their dietary habits during
pregnancy using a food-frequency questionnaire. Consumption of fish once a week
throughout pregnancy was associated with a lower risk of cerebral palsy (OR= 0.63, 95%
C.1. 0.37-1.08; p < 0.09) compared with no fish intake.
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Sub-populations. Two studies®* ** stratified the effects of omega-3 FA by gender.

The study that investigated the relationship between dietary intake of fat and Parkinson's
disease found no apparent association between omega-3 FA intake and risk of
Parkinson's disease for either males or females (p for trend = 0.9 for males and 0.8 for
females).

In the other study,* which used a case-control design, fish consumption was
associated with a reduced risk of MS among females, (OR = 0.83, 95% C.I. 0.69 - 1.00)
but not males (OR = 1.08, 95% C.I. 0.84-1.40) (Table 3.6).

Covariates. Effects of any specific covariates on the observed omega-3 associations
were not reported in any of the studies.

Effects of source, dose, and exposure duration.

Source: The effect of fish consumption on the incidence of two different neurological
diseases was assessed in three different reports. Fish consumption was associated with a
reduced risk of cerebral palsy:® it had no overall effect on the incidence of MS in two
studies,*® ®* but was associated with a reduced risk for women in one.*® Omega-3 FA
from fish had no effect on the incidence of MS*® or Parkinson’s disease.** ALA was
associated with a reduced risk of MS in one study®* and had no effect on the incidence of
Parkinson’s disease in another.** EPA and DHA had no effect on the incidence of MS®
or Parkinson’s disease.*

Dose: Dose effect was assessed in two studies.>* ®* One study* assessed the effect of
fish dose on the incidence of MS and found no dose (or other) effect. A dose effect for
ALA on the incidence of MS was reported in one study,** but no dose effect for ALA on
the incidence of Parkinson’s disease was found in the other study.®* There was no dose
effect for EPA or DHA in either study.

Exposure Duration: None of the studies assessed the effect of exposure duration.

Sustainment of effect. Sustainment of effect was not assessed in any of the reports.

Quiality and applicability. Parameters of methodologic quality are detailed in Table
3.5. All four of the studies®* **®* %! had an applicability rating of II.
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Table 3.5. Parameters of methodological quality.*

Parameters Chen, 2003* Ghadirian, 1998* Petridou, 1998°%° Zhang, 2000°’
Adjustment for v v v v
confounders
Blinding of v v v v
exposure/outcome
Valid ascertainment of v v v v
outcome
Valid ascertainment of v v v v
exposure
Exposure before v v v v
outcome
Selection bias N N Y N
Description of
withdrawals and NR Y Y Y
dropouts

*NR = not reported.
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Table 3.6 Risk of neurological diseases reported in prospective cohort or case-control studies for

different categories of consumption of fish, by disease.*

Study arm Estimates of effect
(quartile; o
) Author' Year qU|nt||e, MU|t|Var|ab|e
Disease st 4y Design  |dose group: nt |Amount Multivariable adjusted RR |Adjustors,
case or (95% ClI) Matching
control) parameters
Fish
Multiple | Zhang, 2000°' Dose Groups Multivariable
sclerosis | Cohort Study: adi .
: < justors: Age,
The Nurses 1 81 1/week 1.0 smoking
Health Study | (cigarettes/day),
and Il 2 77 1-2.9/week 1.0 (0.8-1.4) energy intake
(quintiles), alcohol
3 37 3-4.9/week 0.9 (0.6-1.3) consumption
p=0.79% Matching: NA
Multiple | Ghadirian, Control 64 - 1.0 Multivariable
sclerosis | 1998, s adjustors: Total
Case = | Case 61 - 1.08§ (0.84-1.40) energy, body mass
control index
study < | Control 138 | - 1.0
@ Matching: Age, sex,
g Case 136 - 0.83§ (0.69-1.00) phone number
=
Control 202 - 1.0
< | Case 197 |- 0.91§ (0.78-1.05)
Cerebral Petridg)u, Multivariable
palsy 1998, ; e ;
Cc trol | Control | 166 | 1/week 1.0 adjustors: ‘Core
taze contro ontro wee : variables|| plus
study total energy intake,
body mass index
Case 58 1iweek 0.63 (0.37-1.08) Matching: Age,

neighborhood or
age, physician

* NR = Not Reported; t Number of people included in analysis; ¥ test for trend. || Core variables = Age of child, sex,
maternal age at menarche, maternal age at delivery, maternal chronic disease, previous spontaneous abortion, persistent
vomiting during index pregnancy, multiple pregnancy, number of obstetric visits, timing of membrane rupture, use of
general anesthesia, mode of delivery, abnormal placenta, head circumference, evident congenital malformation, place
of deliver, use of iron during pregnancy, intentional physical exercise during pregnancy, painless delivery classes; §
Risk of MS per 100 grams of fish per day (log transformation).
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Table 3.6 (continued). Risk of neurological diseases reported in prospective cohort or case-control
studies for different categories of consumption of fish, by disease.*

Study arm Estimates of effect
(quartile; Multivariabl
. )Author, Year uintile; . ultivariable
Disease Igi 4y Design gose group: nt Median dose |\yltivariable adjusted RR Adjustors,
case or (95% Cl) Matching
control) parameters
Omega-3 fat from fish
9 Chen3,4 Quintiles Multivariable
© 2003 o adjustors: Age,
g Cohort 1 NR g'r]oe?gé’ of 110 smoking
o Study: 0.07% of (cigarettes/day),
2 Health 2 NR ener 0 0.84 (0.52-1.37) energy intake
2 Professio | ~ 0 10/gyf (quintiles), alcohol
£ nal Q 3 NR 170 1.08 (0.69-1.69) consumption
© Follow- = energy
. up Study 4 NR | 0:2%of 0.88 (0.55-1.40) Matching: NA
and The ene(r)gy
Nurses' 5 NR | 083 %of 0.99 (0.63-1.55)
Health energy
Study Total 47,331 p=0.9%
Quintiles
1 NR 0.03 % of 1.0
0,
2 NR | Q05 %of 20 (0.41-1.19)
c energy
0,
g |3 NR | 008%of g (0.45-1.29)
5 energy
o,
= NR | O1% of 0.75 (0.45-1.26)
energy
o)
5 NR | 02 %of 0.90 (0.55-1.47)
energy
Total 88,653 p=0.9%
Quintiles
- 1 NR NR 1.0
c
2 c 2 NR NR 0.77 (0.54-1.11)
g 23 NR | NR 0.93 (0.66-1.31)
o
% 2| 4 NR | NR 0.82 (0.58-1.16)
g |5 NR | NR 0.94 (0.68-1.32)
Total 135,894 p=0.9%

* NR = Not Reported; t Number of people included in analysis; ¥ test for trend. || Core variables = Age of child, sex,
maternal age at menarche, maternal age at delivery, maternal chronic disease, previous spontaneous abortion, persistent
vomiting during index pregnancy, multiple pregnancy, number of obstetric visits, timing of membrane rupture, use of
general anesthesia, mode of delivery, abnormal placenta, head circumference, evident congenital malformation, place
of deliver, use of iron during pregnancy, intentional physical exercise during pregnancy, painless delivery classes; §
Risk of MS per 100 grams of fish per day (log transformation).
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Table 3.6 (continued). Risk of neurological diseases reported in prospective cohort or case-control
studies for different categories of consumption of fish, by disease.*

(Study.?rm Estimates of effect
quartile;
$ Author, Year quintile; i Multivariable adjusted -
§ Study Design dose group; nt |Median dose RR J Multivariable
£ case or (95% Cl) Adjustors
Q control)
ALA
® Groups Multivariable
3 adjustors: Age,
@ 61 smoking
S Zhang, 2000 1 NR < 1% of energy 1.0 :
] . (cigarettes/day),
© Cohort|Study. The energy intake
o [Nurses' Health Study | intil lcohol
S and Il (quinti es?[: alcoho
= 2 NR | >1%ofenergy 0.3  (0.1-1.1) consumption
Matching: NA
o | Chen, 2003™ Quintiles Multivariable
8 Cohort Study: adjustors: Age
@© 0, l g ’
3 | Health 1 NR 00 Yo of 1.0 smoking
o Professional 9y (cigarettes/day),
2 | Follow-up c 2 NR 0.06% of energy | 0.54  (0.34-0.87) energy intake
@ | Studyand The | 2 3 NR 0.08% of energy | 0.75  (0.49-1.15) (quintiles), alcohol
i~ Nurses' Health consumption
= Study 4 NR 0.09% of energy | 0.88  (0.58-1.32)
a :
5 NR 0.1 % of energy | 0.69  (0.45-1.07) Matching: NA
Total 47,331 p=0.4%
Quintiles
1 NR 0.04 % of 1.0
energy )
0,
2 NR 0.06 % of 0.83  (0.51-1.34)
< energy
[s)
£ 3 NR 2;]0;9(‘; of 071 (0.43-1.17)
= 5
4 NR 0.09% of 0.68  (0.41-1.13)
energy
5 NR 0.1 % of energy | 0.60  (0.35-1.01)
Total 88,563 p = 0.04%
Quintiles
T 1 NR NR 1.0
R NR NR 0.67 (0.47-0.93)
(]
€ § 3 NR NR 0.73  (0.53-1.01)
©
2= |4 NR NR 0.79 (0.57-1.09)
g 5 NR NR 0.65 (0.46-0.91)
Total 135,894 p = 0.05%

* NR = Not Reported; T Number of people included in analysis; ¥ test for trend. || Core variables = Age of child, sex, maternal age at
menarche, maternal age at delivery, maternal chronic disease, previous spontaneous abortion, persistent vomiting during index
pregnancy, multiple pregnancy, number of obstetric visits, timing of membrane rupture, use of general anesthesia, mode of delivery,
abnormal placenta, head circumference, evident congenital malformation, place of deliver, use of iron during pregnancy, intentional
physical exercise during pregnancy, painless delivery classes; § Risk of MS per 100 grams of fish per day (log transformation).

42




Table 3.6 (continued). Risk of neurological diseases reported in prospective cohort or case-control
studies for different categories of consumption of fish, by disease.*

Study arm Estimates of effect
(quartile;
$ |Author, Year quintile; i Multivariable adjusted o
8 Study Design dose group; nt [Median dose RR ) Multivariable
2 case or (95% CI) Adjustors
e control)
EPA
o Chen3,4 Quintiles
8 2003 1 NR 0.009 % of 1.0
b Cohort energy '
o Study: 0.02 % of
¢ | Heath 2 NR | cnergy 0.77  (0.48-1.25)
@ Profession | < 0.04 % of
S |alFollow |2 |3 NR | oeray 0.88  (0.56-1.39)
S | up Study 0.06 % of
o | 2nd The 4 NR | creray 092  (0.59-1.44)
Nurses'
Health 5 NR 0.1 % of energy | 0.91 (0.59-1.42)
Study Total 47,331 p=0.9%
Quintiles
1 NR 0.007 % of 10 Mu_ltivaria.ble
energy adjustors: Age,
0.01 % of smoking
c 2 NR energy 0.67 (0.39-1.16) (cigarettes/day),
Q 0.02 % of energy intake
§ 3 NR energy 0.80 (0.48-1.34) (quintiles),
0.04 % of alcohol
4 NR energy 0.74 (0.44-1.24) consumption
0,
5 NR | 007 %of 0.91  (0.56-1.49)
energy
Total 88,563 p=0.8%
Quintiles
g 1 NR NR 1.0
S _ |2 NR NR 0.73  (0.51-1.04)
g2ls NR | NR 0.84  (0.60-1.19)
o
§ 2|4 NR NR 0.84  (0.60-1.18)
g 5 NR NR 0.91 (0.66-1.27)
Total 135,894 p =0.9F

* NR = Not Reported; T Number of people included in analysis; ¥ test for trend. || Core variables = Age of child, sex,
maternal age at menarche, maternal age at delivery, maternal chronic disease, previous spontaneous abortion, persistent
vomiting during index pregnancy, multiple pregnancy, number of obstetric visits, timing of membrane rupture, use of
general anesthesia, mode of delivery, abnormal placenta, head circumference, evident congenital malformation, place
of deliver, use of iron during pregnancy, intentional physical exercise during pregnancy, painless delivery classes; §
Risk of MS per 100 grams of fish per day (log transformation).
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Table 3.6 (continued). Risk of neurological diseases reported in prospective cohort or case-control

studies for different categories of consumption of fish, by disease.*

Study arm Estimates of effect
(quartile;
o |Author, Year uintile; :
§ Study Design gose group; nt |Median dose |my|tivariable adjusted RR Multivariable
@ case or (95% CI) Adjustors
e control)
DHA
o | Chen, Quintiles
& | 2003* ] NR 0.02 % of 1
$ | Cohort energy
O | Study: 0.05 % of
g Health 2 NR oneray 0.79 (0.49-1.28)
» | Profession | < 0.07 % of
S |alFollow- | & |3 NR | energy 1.05 (0.67-1.64)
& | up Study 0.1 % of
o : -
E”J?SEZ? 4 NR | cheray 0.90 (0.57-1.42)
o,
5 NR | 0-2%of 0.92 (0.58-1.44)
Health energy
Study Total 47,331 p=09%
Quintiles
1 NR 0.02 % of 1 Multivariable
energy adjustors: Age,
> ;
2 NR | 004%of g6 (0.36-1.07) _ smoking
- energy (cigarettes/day),
(] 0, )
£ |3 NR | 008%of |65 (0.38-1.09) energy intake
§ energy (quintiles), alcohol
5 ;
4 NR 0.08 % of 0.81 (0.49-1.32) consumption
energy
o,
5 NR | 01 %of 0.76 (0.46-1.26)
energy
Total 88,563 p=0.8%
Quintiles
g 1 NR NR 1
S _ |2 NR NR 0.71 (0.49-1.02)
g2 3 NR | NR 0.86 (0.61-1.21)
o
% 2|4 NR NR 0.86 (0.61-1.20)
g 5 NR NR 0.84 (0.60-1.18)
Total 135,894 p=0.8%

* NR = Not Reported; T Number of people included in analysis; ¥ test for trend. || Core variables = Age of child, sex,
maternal age at menarche, maternal age at delivery, maternal chronic disease, previous spontaneous abortion, persistent
vomiting during index pregnancy, multiple pregnancy, number of obstetric visits, timing of membrane rupture, use of
general anesthesia, mode of delivery, abnormal placenta, head circumference, evident congenital malformation, place
of deliver, use of iron during pregnancy, intentional physical exercise during pregnancy, painless delivery classes; §
Risk of MS per 100 grams of fish per day (log transformation).
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Progression of Multiple Sclerosis

Overall effect. We identified three studies that evaluated the effect of omega-3 FA on
the treatment and progression of MS. Among these, one study was an RCT*® and two
were single arm, open-label clinical trials.®* ®* The RCT assessed the effect of treatment
with an omega-3 FA supplement (MaxEPA) on disability and relapse rates (Table 3.7).
There were no significant differences in disability or relapse rates between the treatment
and placebo groups. Results for disability did not differ on subgroup analyses of patients
with disease duration of 5 years or less and baseline Kurtzke disability scores of 2 or less
(Table 3.7).

The one-arm open-label studies®® ®® described the effects of supplementation with
omega-3 FA on disability and progression among patients with MS (Table 3.8). Both
studies reported a significant reduction on the Expanded Disability Status Scale (EDSS)
after treatment with the omega-3 supplement; one also reported improvement on an index
of disease progression.®?

Sub-populations. The effects of omega-3 FA on subpopulations were not assessed.
Covariates. The effects of covariates on omega-3 FA effects were not assessed.

Effects of source, dose, and exposure duration.

Source: The source of omega-3 FA was fish oil in one study® and fish oil capsules in
the other.®

Dose: A single dose was assessed in each study; hence, dose effect was not assessed.

Exposure Duration: The effect of exposure duration was not assessed.

Sustainment of effect. Sustainment of effect was not assessed.

Quality and applicability. The RCT* had an applicability rating of 11-B and a
summary quality score of B (Jadad score = 3); concealment of allocation was not
reported. This study is applicable to the general population of adult patients with multiple
sclerosis (Table 3.9). The two open label one-arm trials®* ®® were both of poor
methodologic quality: there was no comparison group or blinding; additionally there was
no description of withdrawals or dropouts. Both of these trials had a Jadad score of 0. The
applicability rating of these studies was I1-B.
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Table 3.7. The effect of omega-3 fatty acids on progression of multiple sclerosis reported in one
randomized controlled trial (RCT).*

Author, |Treatment L .
Year ! Group Disability, number (%)of patients Mean relapse rates
Overall Kurtzke < 2 Duration < 5 years Kurtzke < 2 Kurtzke > 2
Bates,
1989% Better/ Worse Better/ Worse Better/ Worse Better/ Worse Better/ Worse
same same same same same
Max EPA 10
grams/day for | 79 (51) | 66 (43) | 50 (59) | 35(41) | 30 (57) | 23 (43) 0.44 0.15 0.55 0.05
24 months
Olive oil 10
grams/day for | 65 (42) | 82 (52) |41 (46) |49 (54) | 24 (42) | 33 (58) 0.55 0.16 0.63 0.70
24 months

Table 3.8. The effect of omega-3 fatty acids on progression of multiple sclerosis in open-label trials

*No significant difference between groups for any comparisons.

stratified by outcome.

Mean EDSS Scores*

Mean Progression Index

Author, Year Intervention
o n . Before After Before After
clinical diagnosis
Cenderzowski, '
1986 g/lgxgE/dPg (S'Hz Ag)/ day EPA; 5, acute remitting MS 3.30 2.70 0.59 0.441
Cenderzowski, '
1986 g/lgxgE/cI;’:\y(gﬁE)/day EPA; 7; slowly progressive MS 6.92 7.07 0.35 0.36
Nord\éék, Fish oil supplement (0.4 16-
2000 g/day EPA; 05 g/day MS 2.16 1.63% NA NA
DHA)

NA = Not Applicable; * EDSS = Expanded Disability Status Scale; T p < 0.05; = p = 0.005.
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Table 3.9. Relationship between methodologic quality and applicability for estimates of effect of

omega-3 fatty acid consumption on progression of multiple sclerosis in randomized controlled trials
(RCTs).

Methodologic Quality

Applicability

] Bates**
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Chapter 4. Discussion

Overview

We screened 5,868 titles, from which we reviewed 500 full-text articles. Among these, 62
articles met our inclusion criteria for further review. Fifty were rejected and 12 met our inclusion
criteria and were reviewed further for data abstraction. Among these, two articles were
randomized controlled trials, six articles were prospective cohort studies, two articles were case-
controls, and two were one-arm open label trials.

Main Findings

Effects of omega-3 fatty acids.

Cognitive function in normal aging. In a single prospective cohort study® that evaluated the
effects of omega-3 fatty acid on cognitive function in normal aging, there was no significant
association between omega-3 FA intake in the form of fish consumption and cognitive decline.

Incidence of dementia. Among three prospective cohort studies*™ 2> ¢ that assessed the
effects of omega-3 FA on the incidence of dementia, fish consumption was associated with a
statistically and clinically significant reduction in the incidence of non-Alzheimer’s dementia in
all three.®” Fish consumption was associated with a reduced risk of Alzheimer’s dementia in all
three of the studies; the association was statistically significant in one®” and nearly so in the other
two?! %3 (Table 3.2). Total omega-3 FA consumption and consumption of DHA were associated
with a significant reduction in the incidence of Alzheimer’s disease for the general population;
consumption of ALA and EPA were not.?> Among individuals who were APOE-4 positive, ALA
was associated with a reduced risk.

Treatment of dementia. One RCT?* assessed omega-3 fatty acids as a treatment for dementia.
This study demonstrated statistically significant improvements on both Hasegawa’s Dementia
rating scale and the MMSE scores with omega-3 supplementation. However, the sample size was
small and the methodologic quality was poor.

Incidence of neurological diseases. We identified four studies that assessed the association of
omega-3 FA consumption with risk or incidence of particular neurological diseases other than
dementia: two assessed the incidence of MS,** ®! one assessed the risk of Parkinson's disease,
and one assessed the risk of cerebral palsy.® Overall, there was no significant association
between omega-3 FA and the incidence of MS in either a study that pooled data across two
cohort studies®™ or in a case-control study.** However, the case-control study did demonstrate a
reduced risk of MS with fish consumption, but only among women. A single observational
cohort study** found that ALA was associated with a reduced risk of Parkinson’s disease when
comparing highest and lowest quintile of intake in a pooled analysis of men and women; among
women, but not men, there was a trend for risk reduction. There was no significant association
between dietary intake of other omega-3 FAs and Parkinson's disease. A single case-control
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study® found a reduced risk of cerebral palsy in offspring of women who consumed fish at least
once a week throughout pregnancy, relative to women who did not.

Progression of multiple sclerosis. We identified one RCT*’ and two single arm, open-label
clinical trials®® ®® that assessed the effect of omega-3 fatty acids on the progression of MS.%3%
There were no significant differences in disability or relapse rates between the treatment and
placebo groups in the RCT.*° The one-arm open label trials both reported a significant reduction
on the Expanded Disability Status Scale (EDSS) after treatment with the omega-3 supplement;
one also reported improvement on an index of disease progression.®®

Dose, source, duration effects and sustainment of effect. Data were insufficient to draw
conclusions about source or duration effects or about sustainment of effect.

Quality and applicability. The quality of the clinical trials was generally poor. Among the
two RCTs that met our inclusion criteria, one® was of good quality with an overall summary
quality of B (Jadad score 3, no concealment of allocation), and the other®* was of poor quality
with an overall summary quality of C (Jadad scorel, no concealment of allocation). The two
open-label one-arm trials®* ®® were both of poor methodologic quality: there was no comparison
group or blinding; additionally there was no description of withdrawals or dropouts. The
applicability ratings for all four of these clinical trials were 11, meaning that the study populations
were representative of a subgroup of the general population; these subjects had either MS or
dementia.

The quality of the eight observational studies was generally good. Among these six
prospective observational cohort and two case-control studies, all eight adjusted for confounders,
reported using valid methods to ascertain outcomes, and confirmed that the exposure occurred
prior to the outcome. The methods used to enroll subjects in one study would be expected to
introduce selection bias.®® All but one study described withdrawals and dropouts® or a valid
method to ascertain dietary intake?! (method used was not described). Only three of the studies
explicitly described whether the investigators were blinded to information on exposure when
obtaining data on outcome or on outcome when obtaining data on exposure.? 3* ! For the two
case-control studies, we also assessed whether the case and control groups were comparable, and
they were in both studies.** ®° The applicability ratings were | (representative of the US
population) for one study? and 11 for all other studies. The studies with applicability ratings of Il
either had subjects that were part of a subpopulation®* ** %! and/ or were population-based, but
the populations were not from the United States.” >’

Limitations

It is important to point out that a major limitation of studies of omega-3 FA and disease is the
lack of standardized methods to measure nutrient intakes.?® Thus, it is possible to overestimate or
underestimate true associations with outcomes, because of errors in measurement of nutrients.

Furthermore, the studies we reviewed lacked a uniform or consistent approach to quantifying
the type of omega-3 FA. For example, some measured nutrient intake from food frequency
questionnaires without reporting type of fish or method of preparation; other studies defined
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omega-3 fatty acid supplements. This issue will increasingly become important in the design of
future studies of omega-3 fatty acids and disease.

Another major limitation with respect to studies relating omega-3 FA interventions to
dementia, particularly Alzheimer's disease, is that the majority of studies have been done in
subjects aged 60 and older. Since the length of the latency period for AD is unknown and may
precede the presentation of any symptoms by several decades, the potential effect of
implementing dietary interventions aimed at prevention at an advanced age may be limited.
Furthermore, in studies that assessed the effects of omega-3 fatty acids on cognitive function in
normal aging or dementia, standard measures often are not used or the instruments used to assess
cognitive function lack uniformity.

It is also important to note that in observational studies, it is not possible to control
exposure,® which can lead to confounding.™

An additional limitation is the possibility of publication bias. For large observational studies,
this issue is slightly different than that observed for randomized trials. Publication bias for the
latter generally means that no results of the trial are published at all. For the former, which are
the main source of evidence for this report, findings may be published, but only for outcomes
that achieve statistical significance, with no regard for whether such outcomes were secondary in
nature. Results for primary outcomes may not be published. We must interpret our findings in
light of such possible publication bias.

It is possible that additional information that would change our conclusions is available in
reports that we were unable to locate or for which we were unable to find a translator. However,
among 505 requested articles, only five were not found, and we were able to screen all 500
articles retrieved.

Conclusions

For each of the conditions assessed in this report, conclusions can be drawn from a few
studies on the effects of Omega-3 FA. Additionally, the strength of evidence for effects of
omega-3 FA on outcomes in the conditions assessed varies greatly. The evidence suggests a
possible association between omega- 3 FA and reduced risk of dementia. However, due to the
small number of studies that inform this topic, further research is necessary before a strong
conclusion can be drawn. Data are insufficient to draw conclusions about the effects of omega-3
FA on incidence of Parkinson's disease, cerebral palsy, or MS. In addition, the evidence
regarding the progression of MS is inconsistent and inconclusive. There was insufficient
evidence in the studies that met our systematic inclusion criteria to draw any substantive
conclusions on omega-3 fatty acid intake. The paucity of evidence in this area suggests that
further epidemiological and clinical research remains to be done before any conclusions can be
drawn or policy recommendations can be made in this area.
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Future Research

We offer the following observations and recommendations regarding future research on the
effects of omega-3 FA on the various neurological conditions reviewed.

1.

10.

Additional research on the effects of omega-3 FA needs to be performed on all of the
conditions reviewed in this report before recommendations regarding the use of omega-3
FA can be made for these conditions.

Of particular importance, properly designed randomized clinical trials that are
sufficiently powered and of an adequate length (e.g. three to five years of follow-up) need
to be conducted for dementia, especially Alzheimer's disease, as distinct from vascular
dementia.

Given the concern described above regarding the possible difficulty of conducting valid
studies on dementia, due to a lengthy presymptomatic latency period, it would be of
interest to conduct intervention clinical trials of omega-3 fatty acids in middle-aged
adults as well as in populations of cognitively-impaired adults prior to a dementia
diagnosis, such as individuals with various sub-types of mild cognitive impairment
(MCI).

Properly designed randomized clinical trials that are sufficiently powered and of an
adequate length (e.g. three to five years of follow-up) need to be conducted for multiple
sclerosis.

Studies should address the effects of different types of omega-3 fatty acids (i.e. DHA,
EPA, ALA, and total omega-3 FA) as well as the ratio of omega-3 to omega-6 FA.

Studies that assess the effects of omega-3 FA should be designed to evaluate the effect of
source, dose, treatment duration, and the sustainment of effect after discontinuation of
omega-3 FA consumption.

Trials of omega-3 FA should include a baseline assessment of dietary omega-3 and
omega-6 FA intake.

In controlled trials that assess the effects of omega-3 FA, analysis should include and
report explicit testing of the effects of the omega-3 FA relative to the control substance.

All studies that assess the effects of omega-3 FA should use standard validated
instruments to assess clinical outcomes.

Studies that investigate the effects of omega-3 FA on cognition should include repeated
measures of cognitive function using standard validated instruments to evaluate within-
person cognitive change.
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11. All studies that assess the effects of omega-3 FA should use standard validated dietary
assessment instruments to assess nutritional intake.

12. Observational studies should report data about type of fish consumed and method of
preparation.

13. Observational studies focused on repeated measures of diet for long-term intake, and sub-
group analysis among persons with cardiovascular conditions (including history of stroke
or myocardial infarction) also need to be performed in order to determine whether change
in diet among these sub-groups results is confounding.

53



U.S. Department of Health and Human Services
Mike Leavitt, Secretary

Office of Public Health and Science
Richard H. Carmona, M.D., M.P.H., F.A.C.S., Surgeon General of the United States

Agency for Healthcare Research and Quality
Carolyn M. Clancy, M.D., Director



American Dietetic A, Dietitians of C. Position of
the American Dietetic Association and Dietitians of
Canada: vegetarian diets. Canadian Journal of
Dietetic Practice & Research 2003; 64(2):62-81.

Newman V, Rock CL, Faerber S, Flatt SW, Wright
FA, Pierce JP. Dietary supplement use by women at
risk for breast cancer recurrence. The Women's
Healthy Eating and Living Study Group. Journal of
the American Dietetic Association 1998; 98(3):285-
92.

Cade J, Thomas E, Vail A. Case-control study of
breast cancer in south east England: nutritional
factors. Journal of Epidemiology & Community
Health 1998; 52(2):105-10.

Marcheselli VL, Hong S, Lukiw WJ et al. Novel
docosanoids inhibit brain ischemia-reperfusion-
mediated leukocyte infiltration and pro-
inflammatory gene expression. J Biol Chem 2003;
278(44):43807-17.

Serhan CN, Hong S, Gronert K et al. Resolvins: a
family of bioactive products of omega-3 fatty acid
transformation circuits initiated by aspirin treatment
that counter proinflammation signals. J Exp Med
2002; 196(8):1025-37.

Hong S, Gronert K, Devchand PR, Moussignac RL,
Serhan CN. Novel docosatrienes and 17S-resolvins
generated from docosahexaenoic acid in murine
brain, human blood, and glial cells. Autacoids in
anti-inflammation. J Biol Chem 2003;
278(17):14677-87.

Niu SL, Mitchell DC, Lim SY et al. Reduced G
protein-coupled signaling efficiency in retinal rod
outer segments in response to n-3 fatty acid
deficiency. J Biol Chem 2004; 279(30):31098-104.

White E, Shattuck AL, Kristal AR et al.
Maintenance of a low-fat diet: follow-up of the
Women's Health Trial. Cancer Epidemiology,
Biomarkers & Prevention 1992; 1(4):315-23.

Richardson AJ. The importance of omega-3 fatty
acids for behaviour, cognition and mood.
Scandinavian Journal of Nutrition/Naringsforskning
2003; 47(2):92-8.

55

10.

11.

12.

13.

14.

15.

16.

17.

18.

References and Included Studies

Lauritzen L, Hansen HS, Jorgensen MH,
Michaelsen KF. The essentiality of long chain n-3
fatty acids in relation to development and function
of the brain and retina. Progress in Lipid Research
2001; 40(1-2):1-94.

Yehuda S, Rabinovitz S, Mostofsky DI. Essential
fatty acids are mediators of brain biochemistry and
cognitive functions. Journal of Neuroscience
Research 1999; 56(6):565-70.

Jones C, Arai T, Rapoport S. Evidence for the
involvement of docosahexaenoic acid in cholinergic
stimulated signal transduction at the synapse.
Neurochem. Res 1997; 22:663-70.

Uauy R, Hoffman DR, Peirano P et al. Essential
fatty acids in visual and brain development.
Symposium on PUFA in Maternal and Child
Health, Kansas City, Missouri, USA, 10-13
September 2000 2001; 36(9):885-95.

Tapiero H, Nguyen Ba G, Couvreur P, Tew KD.
Polyunsaturated fatty acids (PUFA) and eicosanoids
in human health and pathologies. Biomedicine &
Pharmacotherapy 2002; 56(5):215-22.

Bourre JM, Dumont O, Piciotti M et al. Essentiality
of omega-3 fatty acids for brain structure and
function. In: Simopoulos AP, Kifer RR, Martin RE,
Barlow SM, eds. Health effects of omega-3
polyunsaturated fatty acids in seafoods. Vol. 66.
Basel, Karger: World Rev Nutr Diet, 1991: 103-17.

Salem NJr, Litman B, Kim HY et al. Mechanisms
of action of docosahexaenoic acid in the nervous
system. Symposium on PUFA in Maternal and
Child Health, Kansas City, Missouri, USA, 10-13
September 2000. Lipids. 2001, 36: 9, 945-959; 149
Ref.

Hashimoto M, Hossain S, Shimada T et al.
Docosahexaenoic acid provides protection from
impairment of learning ability in Alzheimer's
disease model rats. Journal of Neurochemistry
2002; 81(5):1084-91.

Favrelere S, Stadelmann-Ingrand S, Huguet F et al.
Age-related changes in ethanolamine
glycerophospholipid fatty acid levels in rat frontal
cortex and hippocampus. Neurobiol Aging 2000;
21:653-60.



19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Westerman M, Cooper-Blacketer D, Mariash A et
al. The relationship between Abeta and memory in
the Tg2576 mouse model of Alzheimer's disease. J.
Neurosci 2002; 22:1858-67.

Calon F, Lim G, Yang F et al. Docosahexaenoic
acid protects from dendritic pathology in an
Alzheimer's disease mouse model. Neuron 2004;
43:633-45.

Barberger-Gateau P, Letenneur L, Deschamps V,
Peres K, Dartigues JF, Renaud S. Fish, meat, and
risk of dementia: cohort study. BMJ 2002;
325(7370):932-3.

Cooper JL. Dietary lipids in the aetiology of
Alzheimer's disease: implications for therapy.
Drugs & Aging 2003; 20(6):399-418.

Morris MC, Evans DA, Bienias JL et al.
Consumption of fish and n-3 fatty acids and risk of
incident Alzheimer disease. Archives of Neurology
2003; 60(7):940-6.

Terano T, Fujishiro S, Ban T et al.
Docosahexaenoic acid supplementation improves
the moderately severe dementia from thrombotic
cerebrovascular diseases. Lipids 1994; 34(supp):
S345-S346.

Friedland R. Fish consumption and the risk of
Alzheimer disease: is it time to make dietary
recommendations? Archives of Neurology 2003;
60(7):923-4.

Yehuda S, Rabinovtz S, Carasso RL, Mostofsky DI.
Essential fatty acids preparation (SR-3) improves
Alzheimer's patients quality of life. Int J Neurosci
1996; 87(3-4):141-9.

Martinez Regulez M. The importance of
docosahexaenoic acid (DHA) on brain development
in the normal child and in the patient with
Zellweger's syndrome. Ciencia-Pediatrika 2002;
22(8):275-88.

Salem N, Edmond J, Kyle D et al. Brain uptake and
utilization of fatty acids: Applications to
peroxisomal biogenesis disorders (An International
Workshop): Roundtable discussion of session 2:
Brain uptake, transport, and metabolism of PUFA:
In vivo and in vitro studies. Journal of Molecular
Neuroscience 2001; 16(2-3):215-21.

Martinez M. Restoring the DHA levels in the brains
of Zellweger patients. Journal of Molecular
Neuroscience 2001; 16(2-3):309-16; discussion
317-21.

56

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Martinez M. Docosahexaenoic acid therapy in
docosahexaenoic acid-deficient patients with
disorders of peroxisomal biogenesis. Lipids. 1996;
31(supp):S145-S152.

Martinez M. Polyunsaturated fatty acid changes
suggesting a new enzymatic defect in Zellweger
syndrome. Lipids 1989; 24(4):261-5.

Martinez M. Developmental profiles of
polyunsaturated fatty acids in the brain of normal
infants and patients with peroxisomal diseases:
severe deficiency of docosahexaenoic acid in
Zellweger's and pseudo-Zellweger's syndromes.
World Review of Nutrition & Dietetics 1991,
66:87-102.

Logan A. Neurobehavioral aspects of omega-3 fatty
acids: possible mechanisms and therapeutic value in
major depression. Aternative Medicine Review
2003; 8:410-25.

Chen H, Zhang SM, Hernan MA, Willett WC,
Ascherio A. Dietary intakes of fat and risk of
Parkinson's disease. American Journal of
Epidemiology 2003; 157(11):1007-14.

Logroscino G, Marder K, Cote L, Tang MX, Shea
S, Mayeux R. Dietary lipids and antioxidants in
Parkinson's disease: a population-based, case-
control study. Ann Neurol 1996; 39(1):89-94.

Youdim KA, Martin A, Joseph JA. Essential fatty
acids and the brain: possible health implications.
International Journal of Developmental
Neuroscience 2000; 18(4-5):383-99.

Bates GP, Hockly E. Experimental therapeutics in
Huntington's disease: Are models useful for
therapeutic trials? Current Opinion in Neurology
2003; 16(4):465-70.

Lange HW. Huntington's disease: Clinical,
diagnostic and therapeutic aspects. Psycho 2002;
28(9):479-86.

Puri BK, Bydder GM, Counsell SJ et al. MRI and
neuropsychological improvement in Huntington
disease following ethyl-EPA treatment. Neuroreport
2002; 13(1):123-6.

Bates D, Cartlidge NE, French JM et al. A double-
blind controlled trial of long chain n-3
polyunsaturated fatty acids in the treatment of
multiple sclerosis. J Neurol Neurosurg Psychiatry
1989; 52(1):18-22.



41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Bates D, Fawcett PRW, Shaw DA, Weightman D.
Polyunsaturated fatty acids in treatment of acute
remitting multiple sclerosis. British-Medical-
Journal 1978; 2(6149):1390-1.

Doidge MJ. Evaluation of a nutrition education
programme for people with multiple sclerosis.
Journal-of-Human-Nutrition-and-Dietetics 1993;
6(2):131-47.

Ghadirian P, Meera Jain, Ducic S, Shatenstein B,
Morisset R, Jain M. Nutritional factors in the
aetiology of multiple sclerosis: a case-control study
in Montreal, Canada. International-Journal-of-
Epidemiology 1998; 27(5):845-52.

Agranoff BW. Multiple sclerosis. Dietary fats and
health. AOCS-Monograph 1983; 10:941-50.

Anonymous. Fatty acids and multiple sclerosis.
Lancet 1967; 2(7518):708-9.

Anonymous. Lipids and multiple sclerosis. Lancet
1990; 336(8706):25-6.

Bates D, Cartlidge N, French J. Results of a trial of
N-3 polyunsaturated fatty acids in the treatment of
multiple sclerosis. Irish Journal of Medical Science
1988; 157(8):277.

Field EJ. Polyunsaturated fatty acids in multiple
sclerosis. British Medical Journal 1979;
1(6169):1016-7.

Field EJ, Joyce G. Clinical trials of unsaturated fatty
acids in multiple sclerosis. IRCS Medical Science
1981; 9(12):1081.

Haag M. Essential fatty acids and the brain.
Canadian Journal of Psychiatry - Revue Canadienne
De Psychiatrie 2003; 48(3):195-203.

Bretler M. Vascular risk factors for Alzheimer’s
disease: an epidemiologic perspective.
Neurobiology of Aging 2000; 21:153-60.

Kalmijn S. Fatty acid intake and the risk of
dementia and cognitive decline: a review of clinical
and epidemiological studies. Journal of Nutrition,
Health & Aging 2000; 4(4):202-7.

Blok W, Katan M, Van der Meer J. Modulation of
inflammation and cytokine production by dietary
(n-3) fatty acids. Journal of Nutrition 1996;
126(6):1515-33.

57

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Uauy R, Mena P, DeSantiago S, Arroya Ped,
Gutierrez Robledo LMed, Loria A. Lipids and
neurodevelopment. Third Nestle Nutrition
Conference. Nutrition and Brain Function From
Infancy to Old Age, Mexico City, Mexico, 30-31
March, 2000. Nutrition-Reviews 2001; 59(8):2.

San Giovanni J, Parra-Cabrera S, Colditz G, Berkey
C, Dwyer J. Metaanalysis of dietary essential fatty
acids and long-chain polyunsaturated fatty acids as
they relate to visual resolution acuity in health
preterm infants. Pediatrics 2000; 62:761-8.

Schatzkin A, Lanza E, Polyp Prevention Trial Study
G. Polyps and vegetables (and fat, fibre): the polyp
prevention trial. IARC Scientific Publications.
156:463-6, 2002 .

Downs S, Black N. The feasibility of creating a
checklist for the assessment of the methodological
quality both of randomised and non-randomised
studies of health care interventions. J Epidemiol
Community Health 1998; 52:377-84.

Saunders L, Soomro G, Buckingham J, Jamtvedt G,
Raina P. Assessing the methodological quality of
nonrandomized intervention studies. Western
Journal of Nursing Research 2003; 25:223-37.

Kalmijn S, Feskens EJM, Launer LJ, Kromhout D.
Polyunsaturated fatty acids, antioxidants, and
cognitive function in very old men. American-
Journal-of-Epidemiology 1997; 145(1):33-41.

Petridou E, Koussouri M, Toupadaki N et al. Diet
during pregnancy and the risk of cerebral palsy.
British Journal of Nutrition 1998; 79(5 ):407-12.

Zhang SM, Willett WC, Hernan MA, Olek MJ,
Ascherio A. Dietary fat in relation to risk of
multiple sclerosis among two large cohorts of
women. American Journal of Epidemiology 2000;
152(11 ):1056-64.

Cendrowski W . Multiple sclerosis and MaxEPA.
British-Journal-of-Clinical-Practice 1986;
40(9):365-7.

Nordvik I, Myhr KM, Nyland H, Bjerve KS. Effect
of dietary advice and n-3 supplementation in newly
diagnosed MS patients. Acta-Neurologica-
Scandinavica 2000; 102(3):143-9.

Swank RL. Multiple sclerosis: fat-oil relationship.
Nutrition 1991; 7(5):368-76.

Swank RL, Dugan BB. Effect of low saturated fat
diet in early and late cases of multiple sclerosis.
Lancet 1990; 336(8706):37-9.



66.

67.

Swank RL, Grimsgaard A. Multiple sclerosis: the
lipid relationship. Am J Clin Nutr 1988;
48(6):1387-93.

Kalmijn S, Launer LJ, Ott A, Witteman JCM,
Hofman A, Breteler MMB. Dietary fat intake and
the risk of incident dementia in the Rotterdam
study. Annals of Neurology 1997; 42(5):776-82.

58

68.

69.

70.

Willet W. Overview of nutritional epidemiology.
Nutritional Epidemiology. 2nd edition. New York:
Oxford University Press, 1998: 3-17.

Grimes D, Schulz K. Cohort studies: marching
towards outcomes. Lancet 2002; 359:341-5.

Grimes D, Schulz K. Bias and causal associations
in observational research. Lancet 2002; 359:248-52.



Listing of Excluded Studies

1.

Rejected Search Unsuccessful (n =5)

Anonymous. East fish reduces risk of dementia.
Pharmaceutical Journal 2002; 269(7221):595.

Haveman Nies A. Dietary-Quality,-Lifestyle-Factors-
and-Healthy-Ageing-in-Europe. 2001, 128 Pp.; Many
Ref.

Meydani M. Protective role of dietary vitamin E on
oxidative stress in aging. Age 1992; 15(3):89-93.

59

4. Thiebaut AC, Clavel-Chapelon F. {French} Bulletin

Du Cancer 2001; 88(10):954-8.

Wong EKJ, Enomoto H, Leopold IH, Williams JL,
Kladde L, Hollander DH. Intestinal absorption of
dietary fat in patients with multiple sclerosis.
Metabolic, Pediatric & Systemic Ophthalmology
1993; 16(3-4):39-42.



10.

11.

Rejected Condition (n = 144)

Agostoni C, Giovannini M. Cognitive and visual
development: influence of differences in breast and
formula fed infants. Nutrition-and-Health 2001;
15(3-4):183-8.

Agostoni C, Riva E, Trojan S, Bellu R, Giovannini
M. Docosahexaenoic acid status and developmental
quotient of healthy term infants. Lancet 1995;
346(8975):638.

Agostoni C, Trojan S, Bellu R, Riva E, Giovannini
M. Neurodevelopmental quotient of healthy term
infants at 4 months and feeding practice: The role of
long-chain polyunsaturated fatty acids. Pediatric
Research 1995; 38(2):262-6.

Alfin-Slater RB, Aftergood L. Essential fatty acids
reinvestigated. {Review} Physiological Reviews
1968; 48(4):758-84.

Arnold LE. Alternative treatments for adults with
attention-deficit hyperactivity disorder (ADHD).
Annals of the New York Academy of Sciences. Vol
931 (Pp 310-341), 2001 .

Auestad N. Infant nutrition--brain development--
disease in later life. An introduction. Developmental
Neuroscience 2000; 22(5-6):472-3.

Auestad N, Halter R, Hall RT et al. Growth and
development in term infants fed long-chain
polyunsaturated fatty acids: A double-masked,
randomized, parallel, prospective, multivariate
study. Pediatrics 2001; 108(2 11):372-81.

Auestad N, Scott DT, Janowsky JS et al. Visual,
cognitive, and language assessments at 39 months: a
follow-up study of children fed formulas containing
long-chain polyunsaturated fatty acids to 1 year of
age. Pediatrics 2003; 112(3 Pt 1):e177-83.

Bakker EC, Ghys AJA, Kester ADM et al. Long-
chain polyunsaturated fatty acids at birth and
cognitive function at 7 y of age. European-Journal-
of-Clinical-Nutrition 2003; 57(1):89-95.

Beblo S, Reinhardt H, Muntau AC, Mueller-Felber
W, Roscher AA, Koletzko B. Fish oil
supplementation improves visual evoked potentials
in children with phenylketonuria. Neurology Vol
57(8) (Pp 1488-1491) , 2001. 23 OCT 2001.

Beisiegel U, Spector AA. Lipids and lipoproteins in
the brain. Current Opinion in Lipidology 2001;
12(3):243-4.

60

12.

13.

14.

15.

16.

17.

18.

19.

20.

Bentzen AJ, Jacobsen PA, Munch Petersen S. An
investigation of the platelet adhesiveness by
Hellem's method in elderly patients under longterm
psychiatric care, on a controlled diet with an
unsaturated fatty acid load. An evaluation of the
accuracy and clinical reproducibility of the method.
Gerontologia-Clinica 1972; 14(4):217-34.

Birch DG, Birch EE, Hoffman DR, Uauy RD.
Retinal development in very-low-birth-weight
infants fed diets differing in omega-3 fatty acids.
Investigative Ophthalmology & Visual Science
1992; 33(8):2365-76.

Birch EE, Garfield S, Hoffman DR, Uauy R, Birch
DG. A randomized controlled trial of early dietary
supply of long-chain polyunsaturated fatty acids and
mental development in term infants.
Developmental-Medicine-and-Child-Neurology
2000; 42(3):174-81.

Bistrian BR. Clinical aspects of essential fatty acid
metabolism: Jonathan Rhoads Lecture. {Review}
Jpen: Journal of Parenteral & Enteral Nutrition
2003; 27(3):168-75.

Bjerve KS, Brubakk AM, Fougner KJ et al. Omega-
3 fatty acids: Essential fatty acids with important
biological effects, and serum phospholipid fatty
acids as markers of dietary omega3-fatty acid
intake. American Journal of Clinical Nutrition
1993; 57(5 SUPPL.):801S-6S.

Bjerve KS, Fougner KJ, Midthjell K, Bonaa K. n-3
Fatty acids in old age. Journal-of-Internal-Medicine
1989; 225(supp 1):191-66.

Brue AW, Oakland TD, Evans RA. The use of a
dietary supplement combination and an essential
fatty acid as an alternative and complementary
treatment for children with attention-
deficit/hyperactivity disorder. Scientific Review of
Alternative Medicine 2001; 5(4):187-94.

Budowski P. Review: nutritional effects of omega
3-polyunsaturated fatty acids. {Review} Israel
Journal of Medical Sciences 1981; 17(4):223-31.

Caramazza N, Damele M, Parente G, Alessandrini
A, Cellini M. Use of polyunsatured fatty acids in
the treatment of glaucomatous optic neuropathy
(GON). Annali Di Ottalmologia e Clinica
Oculistica, 1999; 125(11-12):329-38.



21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

Carlson SE. Docosahexaenoic acid and arachidonic
acid in infant development. Seminars in
Neonatology 2001; 6(5):437-49.

Carlson SE. Lessons learned from randomizing
infants to marine oil-supplemented formulas in
nutrition trials. Journal-of-Pediatrics 1994;
125(supp 2):S33-S38.

Carlson SE, Gibson RA, Knapp HR, Carlson SE
(ed.), Gibson RA (ed.), Knapp HR. Symposium on
PUFA in maternal and child health, Kansas City,
Missouri, USA, 10-13 September 2000. Lipids
2001; 36(9):859-1076.

Carlson SE, Neuringer M. Polyunsaturated fatty
acid status and neurodevelopment: A summary and
critical analysis of the literature. Lipids 1999;
34(2):171-8.

Carlson SE, Werkman SH. A randomized trial of
visual attention of preterm infants fed
docosahexaenoic acid until two months. Lipids
1996; 31(1):85-90.

Carlson SE, Werkman SH, Peeples JM, Wilson
WM. Long-chain fatty acids and early visual and
cognitive development of preterm infants.
European-Journal-of-Clinical-Nutrition 1994; 42
(supp 2):527-S30.

Cellini M, Caramazza N, Mangiafico P, Possati GL,
Caramazza R. Fatty acid use in glaucomatous optic
neuropathy treatment. Acta Ophthalmologica
Scandinavica Supplement 1998; (227):41-2.

Cendrowski W. MaxEpa in multiple sclerosis.
{Review} {Polish}. Wiadomosci Lekarskie 1985;
38(21):1522-5.

Chalon S. N-3 polyunsaturated fatty acids,
neurotransmission and cognitive function. Body
Fat, Nutrition and Health, Topical Questions 2000;
7(1):68-73.

Chalon S. Polyunsaturated fatty acids and cognitive
functions. OCL -Oleagineux,-Corps-Gras,-Lipides
2001; 8(4):317-20.

Chamberlain JG. The possible role of long-chain,
omega-3 fatty acids in human brain phylogeny.
Perspectives in Biology & Medicine 1996;
39(3):436-45.

Charlton KE. Eating well: ageing gracefully!.

{Review} Asia Pacific Journal of Clinical Nutrition.

11 Suppl 3:5607-17, 2002 .

61

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Cheruku SR, Montgomery Downs HE, Farkas SL,
Thoman EB, Lammi Keefe CJ. Higher maternal
plasma docosahexaenoic acid during pregnancy is
associated with more mature neonatal sleep-state
patterning. American-Journal-of-Clinical-Nutrition
2002; 76(3):608-13.

Cho E, Hung S, Willett WC et al. Prospective study
of dietary fat and the risk of age-related macular
degeneration. American Journal of Clinical
Nutrition 2001; 73(2):209-18.

Colombo J, Carlson SE (ed.), Gibson RA (ed.),
Knapp HR. Recent advances in infant cognition:
implications for long-chain polyunsaturated fatty
acid supplementation studies. Symposium on PUFA
in Maternal and Child Health, Kansas City,
Missouri, USA, 10-13 September 2000. Lipids
2001; 36(9):919-26.

Crawford MA. Essential fatty acids and
neurodevelopmental disorder. {Review} Advances
in Experimental Medicine & Biology. 318:307-14,
1992.

Crawford MA. The role of essential fatty acids in
neural development: implications for perinatal
nutrition. American Journal of Clinical Nutrition
1993; 57(5 Suppl):703S-9S; discussion 709S-710S.

Crawford MA, Doyle W, Leaf A, Leighfield M,
Ghebremeskel K, Phylactos AC. Nutrition and
neurodevelopmental disorders. Nutrition-and-
Health 1993; 9(2):81-97.

Crawford MA, Golfetto I, Ghebremeskel K et al.
The potential role for arachidonic and
docosahexaenoic acids in protection against some
central nervous system injuries in preterm infants.
5th Congress of the International Society for the
Study of Fatty Acids and Lipids, Montreal, Canada,
May 7-11, 2002 2003; 38(4):303-15.

Crawford MA, Sinclair AJ, Msuya PM et al.
Dietary lipids and postnatal development. 1973:
278.

Cunnane SC, Francescutti V, Brenna JT.
Docosahexaenoate requirement and infant
development. Nutrition 1999; 15(10):801-2.

do Nascimento CM, Oyama LM. Long-chain
polyunsaturated fatty acids essential for brain
growth and development.{comment}. Nutrition
2003; 19(1):66.

Driss F, Darcet P, Lagarde M et al. Polyunsaturated
fatty acids: drug or food? World Review of
Nutrition & Dietetics. 43:170-3, 1984 .



44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Dusseldorp M van. Diet of the elderly. VVoeding.
1986, 47: 11, 312-316; 24 Ref.

Elvevoll EO, James DG. Potential benefits of fish
for maternal, foetal and neonatal nutrition: a review
of the literature. Food,-Nutrition-and-Agriculture.
2000, No. 27, 28-39.

Fenton WS, Dickerson F, Boronow J, Hibbeln JR,
Knable M. A placebo-controlled trial of omega-3
fatty acid (ethyl eicosapentaenoic acid)
supplementation for residual symptoms and
cognitive impairment in schizophrenia. American-
Journal-of-Psychiatry. 2001, 158: 12, 2071-2074;
12 Ref.

Fernandes G, Meydani SN, Makinodan T,
Weindruch R, Miller RA, Bendich A. Effects of
calorie restriction and omega-3 fatty acids on
autoimmunity and aging. Nutrition Reviews 1995;
53(4 11):S72-S79.

Fernstrom JD. Can nutrient supplements modify
brain function? American Journal of Clinical
Nutrition 2000; 71(6 SUPPL..):1669S-75S.

Fewtrell MS, Morley R, Abbott RA et al. Double-
blind, randomized trial of long-chain
polyunsaturated fatty acid supplementation in
formula fed to preterm infants. Pediatrics. 2002,
110: 1, 73-82; 36 Ref.

Forsyth JS, Carlson SE. Long-chain
polyunsaturated fatty acids in infant nutrition:
effects on infant development. Current-Opinion-in-
Clinical-Nutrition-and-Metabolic-Care. 2001, 4: 2,
123-126; 28 Ref.

Foxall G, Leek S, Maddock S. Cognitive
antecedents of consumers' willingness to purchase
fish rich in polyunsaturated fatty acids (PUFA).
Appetite. 1998, 31: 3, 391-402; 42 Ref.

Ghys A, Bakker E, Hornstra G, Hout M van den,
den Hout M van, van den Hout M. Red blood cell
and plasma phospholipid arachidonic and
docosahexaenoic acid levels at birth and cognitive
development at 4 years of age. Early-Human-
Development 2002; 1-2, 83-90.

Gibson RA, Makrides M. n-3 polyunsaturated fatty
acid requirements of term infants. {Review}
American Journal of Clinical Nutrition 2000; 71(1
Suppl):251S-5S.

Gil A, Ramirez M, Gil M. Role of long-chain
polyunsaturated fatty acids in infant nutrition.
European Journal of Clinical Nutrition 2003;
57(SUPPL. 1):S31-S34.

62

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Gillingham M, Calcar S van, Ney D, Wolff J,
Harding C, van Calcar S. Dietary management of
long-chain 3-hydroxyacyl-CoA dehydrogenase
deficiency (LCHADD). A case report and survey.
Journal-of-Inherited-Metabolic-Disease. 1999, 22:
2,123-131; 12 Ref.

Gillum RF, Mussolino M, Madans JH. The relation
between fish consumption, death from all causes,
and incidence of coronary heart disease: The
NHANES | Epidemiologic Follow-up Study.
Journal of Clinical Epidemiology 2000; 53(3):237-
44.

Greatrex JC, Drasdo N, Dresser K. Scotopic
sensitivity in dyslexia and requirements for DHA
supplementation. Lancet 2000; 355(9213):1429-30.

Guesnet P, Alessandri JM. Milk essential fatty acids
and central nervous system development in the
newborn. Cahiers-De-Nutrition-Et-De-Dietetique.
1995, 30: 2, 109-116; 47 Ref.

Guesry P. The role of nutrition in brain
development. Preventive Medicine 1998;
27(2):189-94.

Halat KM, Dennehy CE. Botanicals and dietary
supplements in diabetic peripheral neuropathy.
{Review} Journal of the American Board of
Family Practice 2003; 16(1):47-57.

Hamazaki T, Itomura M, Sawazaki S, Nagao Y.
Anti-stress effects of DHA. Biofactors 2000; 13(1-
4):41-5.

Helland 1B, Smith L, Saarem K, Saugstad OD,
Drevon CA. Maternal supplementation with very-
long-chain n-3 fatty acids during pregnancy and
lactation augments children’s 1Q at 4 years of age.
Pediatrics. 2003, 111: 1, 189-190; Full Paper
Electronic-Only Http:-Www.Pediatrics.Org-Cgi-
Content-Full-111-1-E39.

Hoffman DR, Birch DG. Docosahexaenoic acid in
red blood cells of patients with X-linked retinitis
pigmentosa. Investigative Ophthalmology & Visual
Science 1995; 36(6):1009-18.

Hoffman DR, Uauy R, Birch DG. Red blood cell
fatty acid levels in patients with autosomal
dominant retinitis pigmentosa. Experimental Eye
Research 1993; 57(3):359-68.

Holman RT. The slow discovery of the importance
of omega 3 essential fatty acids in human
health.{comment}. {Review} Journal of Nutrition
1998; 128(2 Suppl):427S-33S.



66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Horrobin DF. The relationship between
schizophrenia and essential fatty acid and
eicosanoid metabolism. {Review} Prostaglandins
Leukotrienes & Essential Fatty Acids 1992;
46(1):71-7.

Horrobin DF. The roles of essential fatty acids in
the development of diabetic neuropathy and other
complications of diabetes mellitus. {Review}.
Prostaglandins Leukotrienes & Essential Fatty
Acids 1988; 31(3):181-97.

Horrobin DF, Glen Al, Hudson CJ. Possible
relevance of phospholipid abnormalities and genetic
interactions in psychiatric disorders: the relationship
between dyslexia and schizophrenia. {Review}
Medical Hypotheses 1995; 45(6):605-13.

Infante JP, Huszagh VVA. Secondary carnitine
deficiency and impaired docosahexaenoic (22:6n-3)
acid synthesis: a common denominator in the
pathophysiology of diseases of oxidative
phosphorylation and beta-oxidation. {Review}
FEBS Letters 2000; 468(1):1-5.

Innis SM. Plasma and red blood cell fatty acid
values as indexes of essential fatty acids in the
developing organs of infants fed with milk or
formulas. Journal-of-Pediatrics. 1992, 120: 4, I,
S78-S86; 47 Ref.

Innis SM, Gilley J, Werker J. Are human milk long-
chain polyunsaturated fatty acids related to visual
and neural development in breast-fed term infants?
Journal of Pediatrics 2001; 139(4):532-8.

Innis SM, Nelson CM, Lwanga D, Rioux FM,
Waslen P. Feeding formula without arachidonic
acid and docosahexaenoic acid has no effect on
preferential looking acuity or recognition memory
in healthy full-term infants at 9 mo of age.
American-Journal-of-Clinical-Nutrition. 1996, 64:
1, 40-46; 52 Ref.

Kahn E. Perspective on tuna fish. New England
Journal of Medicine 1971; 285(1):49-50.

Kaplan RJ, Greenwood CE. Dietary saturated fatty
acids and brain function. {Review} Neurochemical
Research 1998; 23(5):615-26.

Kenny D. Adverse effects of fish oil (). Archives of
Internal Medicine 1990; 150(9):1967+1971.

Kinjo Y, Beral V, Akiba S et al. Possible protective
effect of milk, meat and fish for cerebrovascular
disease mortality in Japan. Journal of Epidemiology
1999; 9(4):268-74.

63

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Koletzko B. Fats for brains. European Journal of
Clinical Nutrition 1992; 46(SUPPL. 1):S51-S62.

Koletzko B. Parenteral lipid infusion in infancy:
physiological basis and clinical relevance. Clinical-
Nutrition. 2002, 21: Supplement 2, 53-65; 108 Ref.

Koo WWHK. Efficacy and safety of docosahexaenoic
acid and arachidonic acid addition to infant
formulas: Can one buy better vision and
intelligence? Journal of the American College of
Nutrition 2003; 22(2):101-7.

Kretchmer N, Beard JL, Carlson S. The role of
nutrition in the development of normal cognition.
American-Journal-of-Clinical-Nutrition. 1996, 63:
6, 997S-1001S; 52 Ref.

Kunze D. On the essential nature of polyunsaturated
fatty acids. Fett-Wissenschaft-Technologie. 1993,
95: 12, 442-447; 46 Ref.

Lands WE. Eicosanoids and health. {Review}
Annals of the New York Academy of Sciences.
676:46-59, 1993 Mar 15 .

Lapillonne A, Picaud JC, Chirouze V et al. The use
of low-EPA fish oil for long-chain polyunsaturated
fatty acid supplementation of preterm infants.
Pediatric-Research. 2000, 48: 6, 835-841; 25 Ref.

Larque E, Demmelmair H, Koletzko B. Perinatal
supply and metabolism of long-chain
polyunsaturated fatty acids: importance for the early
development of the nervous system. {Review}
Annals of the New York Academy of Sciences.
967:299-310, 2002 Jun .

Lauritzen L, Hansen HS. Which of the n-3 FA
should be called essential? Lipids 2003; 38(8):889-
91.

Lauritzen L, Hansen HS, Jorgensen MH,
Michaelsen KF. The essentiality of long chain n-3
fatty acids in relation to development and function
of the brain and retina. Progress in Lipid Research
2001; 40(1-2):1-94.

Lehtonen A, Raiha I, Puumalainen R, Seppanen A,
Marniemi J. The effect of the short-term
administration of fish oil on serum lipoproteins in
old people. Gerontology 1989; 35(5-6):311-4.

Lucas A, Stafford M, Morley R et al. Efficacy and
safety of long-chain polyunsaturated fatty acid
supplementation of infant-formula milk: a
randomised trial. Lancet-British-Edition. 1999, 354:
9194, 1948-1954; 42 Ref.



89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Lutz M. Diet as a determinant of the central nervous
system development: role of essential fatty acids.
Archivos-Latinoamericanos-De-Nutricion. 1998,
48: 1, 29-34; 31 Ref.

Mahadik SP, Evans DR. Is schizophrenia a
metabolic brain disorder? Membrane phospholipid
dysregulation and its therapeutic implications.
Psychiatric Clinics of North America 2003;
26(1):85-102.

Mehta VR. 'Side effects of eicosapentaenoic acid
and docosahexaenoic acid (maxepa)'. Journal of the
Association of Physicians of India 1992; 40(7):486.

Mimura G, Murakami K, Gushiken M. Nutritional
factors for longevity in Okinawa-present and future.
Nutrition-and-Health. 1992, 8: 2-3, 159-163; 2 Ref.

Mitchell DC, Gawrisch K, Litman BJ, Salem NJr.
Why is docosahexaenoic acid essential for nervous
system function? Biochemical-Society-
Transactions. 1998, 26: 3, 365-370; 43 Ref.

More J. Long chain polyunsaturated fatty acid
levels in chronic illness. Journal of Family Health
Care 2002; 12(6 Suppl):3.

Morley R. Breast feeding and cognitive outcome in
children born prematurely. Advances in
Experimental Medicine & Biology. Vol 503 (Pp 77-
82), 2002 .

Morley R, Thomas AGed, Ryan S. Nutrition and
cognitive development. Third International Meeting
on Advances in Perinatal and Pediatric Nutrition,
Manchester, UK, September 1997. 1998, 14: 10,
752-754; 24 Ref.

Neuringer M, Reisbick S, Janowsky J. The role of
n-3 fatty acids in visual and cognitive development:
current evidence and methods of assessment.
Journal-of-Pediatrics. 1994, 125: 5, 2 Suppl., S39-
S47; 52 Ref.

Nourooz-Zadeh J, Pereira P. Age-related
accumulation of free polyunsaturated fatty acids in
human retina. Ophthalmic Research 1999;
31(4):273-9.

O'Connor DL, Hall R, Adamkin D et al. Growth
and development in preterm infants fed long-chain
polyunsaturated fatty acids: A prospective,
randomized controlled trial. Pediatrics 2001; 108(2
11):359-71.

Ogden P, Piziak VK, Cain PT, Carpentier WR,
Havemann DF. Reactive lymphoid hyperplasia after
omega-3 fatty acid supplementation.{comment}.
Annals of Internal Medicine 1988; 109(10):843-4.

64

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

Okuda Y, Mizutani M, Ogawa M et al. Long-term
effects of eicosapentaenoic acid on diabetic
peripheral neuropathy and serum lipids in patients
with type Il diabetes mellitus. Journal of Diabetes &
Its Complications 1996; 10(5):280-7.

Overgaauw P. {Dutch}. Tijdschrift Voor
Diergeneeskunde 2003; 128(6):191-2.

Patterson J. Introduction - Comparative dietary risk:
Balance the risk and benefits of fish consumption.
Comments on Toxicology 2002; 8(4-6):337-43.

Peet M, Edwards RW. Lipids, depression and
physical diseases. Current Opinion in Psychiatry
1997; 10(6):477-80.

Pelton R. Omega-3: Essential for good health.
American Druggist 1997; 214(7):52-3.

Pilitsis JG, Diaz FG, Wellwood JM et al.
Quantification of free fatty acids in human
cerebrospinal fluid. Neurochemical Research 2001;
26(12):1265-70.

Ponder DL. Long chain polyunsaturated fatty acids
in infancy. International Pediatrics 1992; 7(4):312-
9.

Rask-Nissila L, Jokinen E, Terho P et al.
Neurological development of 5-year-old children
receiving a low-saturated fat, low-cholesterol diet
since infancy: A randomized controlled trial.
Journal of the American Medical Association, Vol
284(8) (Pp 993-1000), 2000. Date of Publication:
23 AUG 2000 :993-1000.

Reich EE, Zackert WE, Brame CJ et al. Formation
of novel D-ring and E-ring isoprostane-like
compounds (D4/E4-neuroprostanes) in vivo from
docosahexaenoic acid. Biochemistry 2000;
39(9):2376-83.

Richardson AJ. The importance of omega-3 fatty
acids for behaviour, cognition and mood.
Scandinavian Journal of Nutrition/Naringsforskning
2003; 47(2):92-8.

Richardson AJ, Puri BK. A randomized double-
blind, placebo-controlled study of the effects of
supplementation with highly unsaturated fatty acids
on ADHD-related symptoms in children with
specific learning difficulties. Progress in Neuro-
Psychopharmacology & Biological Psychiatry
2002; 26(2):233-9.



112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

Rodriguez Palmero M, Lopez Sabater MC,
Castellote Bargallo Al, Torre Boronat MCdl, Rivero
Urgell M, De la Torre Boronat MC. Administration
of low doses of fish oil derived N-3 fatty acids to
elderly subjects. European-Journal-of-Clinical-
Nutrition. 1997, 51: 8, 554-560; 43 Ref.

Sanders TAB, Haines AP, Wormald R, Wright LA,
Obeid O. Essential fatty acids, plasma cholesterol,
and fat-soluble vitamins in subjects with age-related
maculopathy and matched control subjects.
American-Journal-of-Clinical-Nutrition. 1993, 57:
3, 428-433; 27 Ref.

Saugstad LF. Marine fat and human health.
Introduction. Nutrition & Health 2002; 16(1):7-10.

Saugstad LF, Crawford Med, Kirby E. Human
nature is unique in the mismatch between the usual
diet and the need for "food for the brain" (marine
fat, DHA). Adding marine fat is beneficial in
schizophrenia and manic-depressive psychosis. This
underlines brain dysfunction in these neurological
disorders is associated with deficient intake of
marine fat(DHA). Marine Fat and Human Health:
The Letten F. Saugstad Symposium in Honour of
Elaine Morgan, Oslo, Norway, 4th November 2000.
Nutrition-and-Health. 2002, 16: 1, 41-44; 32 Ref.

Seddon JM, Rosner B, Sperduto RD et al. Dietary
fat and risk for advanced age-related macular
degeneration. Archives of Ophthalmology 2001;
119(8):1191-9.

Shibuya T, Fukuo Y, Kobayashi Y et al. Influence
of the preventive effect of eicosapentaenoic acid on
cerebrovascular disorders. Nippon lka Daigaku
Zasshi - Journal of the Nippon Medical School
1985; 52(2):222-4.

Simopoulos AP. New products from the agri-food
industry: the return of n-3 fatty acids into the food
supply. {Review} Lipids. 34 Suppl:S297-301, 1999

Singh M. Nutrition, brain and environment: How to
have smarter babies? Indian Pediatrics 2003;
40(3):213-20.

Skinner ERed, Postle AD. Brain lipids and mental
disorders. A colloquium from the 664th Meeting of
the Biochemical Society, University of Reading ,
Reading, UK, 15-17 December, 1997. Biochemical-
Society-Transactions. 1998, 26: 2, 243-277; Many
Ref.

Smith W, Mitchell P, Leeder SR. Dietary fat and
fish intake and age-related maculopathy. Archives-
of-Ophthalmology. 2000, 118: 3, 401-404; 38 Ref.

65

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

Stansby ME. Nutritional properties of fish oils.
{Review} World Review of Nutrition & Dietetics.
11:46-105, 1969 .

Stordy BJ. Dark adaptation, motor skills,
docosahexaenoic acid, and dyslexia. American
Journal of Clinical Nutrition 2000; 71(1
Suppl):323S-6S.

Tamura Y, Hirai A, Terano T, Saitoh H, Yoshida S.
Clinical and epidemiological study of
eicosapentaenoic acid (EPA) in Japan. Journal of
Nutritional Science & Vitaminology. Spec No:140-
3,1992.

Temple NJ. Nutrition and disease: challenges of
research design.{comment}. {Review} Nutrition
2002; 18(4):343-7.

Thorpe M. Infant formula supplemented with DHA:
are there benefits? Journal of the American Dietetic
Association 2003; 103(5):551-2.

Totlandsdal JK, Tvedt N, Breilid R, Ronning TB,
Kogstad EK, Myhren KJ. {Review} {Norwegian}.
Tidsskrift for Den Norske Laegeforening 2001;
121(21):2504-9.

Uauy R, Calderon F, Mena P, Simopoulos APed,
Pavlou KN. Essential fatty acids in somatic growth
and brain development. Nutrition-and-Fitness-1:-
Diet,-Genes,-Physical-Activity-and-Health.-4th-
International-Conference-on-Nutrition-and-Fitness,-
Athens,-Greece,-25-29-May,-2000. 2001, 134-160;
135 Ref.

Uauy R, Hoffman DR, Peirano P et al. Essential
fatty acids in visual and brain development.
Symposium on PUFA in Maternal and Child
Health, Kansas City, Missouri, USA, 10-13
September 2000 2001; 36(9):885-95.

Uauy R, Mena P, DeSantiago S, Arroya Ped,
Gutierrez Robledo LMed, Loria A. Lipids and
neurodevelopment. Third Nestle Nutrition
Conference. Nutrition and Brain Function From
Infancy to Old Age, Mexico City, Mexico, 30-31
March, 2000. Nutrition-Reviews 2001; 59(8):2.

Vaddadi KS, Gilleard CJ, Soosai E, Polonowita
AK, Gibson RA, Burrows GD. Schizophrenia,
tardive dyskinesia and essential fatty acids.
Schizophrenia Research 1996; 20(3):287-94.

Vobecky JS, Iglesias JR, Preedy VVRed, Grimble
Ged, Watson R. Essential fatty acid requirements:
implication for neural development. Nutrition-in-
the-Infant:-Problems-and-Practical-Procedures.
2001, 133-138; 24 Ref.



133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

Voigt RG, Llorente AM, Jensen CL, Fraley JK,
Berretta MC, Heird WC. A randomized, double-
blind, placebo-controlled trial of docosahexaenoic
acid supplementation in children with attention-
deficit/hyperactivity disorder. Journal of Pediatrics
2001; 139(2):189-96.

Wainwright P. Nutrition and behaviour: The role of
n-3 fatty acids in cognitive function. British Journal
of Nutrition 2000; 83(4):337-9.

Wainwright PE. Alpha-linolenic acid, long-chain n-
3 fatty acids, and neonatal brain development.
{Review} Nutrition 1991; 7(6):443-6.

Wainwright PE. Dietary essential fatty acids and
brain function: a developmental perspective on
mechanisms. {Review} Proceedings of the
Nutrition Society 2002; 61(1):61-9.

Wainwright PE. Do essential fatty acids play a role
in brain and behavioral development? Neuroscience
& Biobehavioral Reviews 1992; 16(2):193-205.

Werkman SH, Carlson SE. A randomized trial of
visual attention of preterm infants fed
docosahexaenoic acid until nine months. Lipids
1996; 31(1):91-7.

Willatts P. Long chain polyunsaturated fatty acids
improve cognitive development. Journal of Family
Health Care 2002; 12(6 Suppl):5.

Willatts P, Forsyth JS. The role of long-chain
polyunsaturated fatty acids in infant cognitive
development. Prostaglandins Leukotrienes and
Essential Fatty Acids, Vol 63(1-2) (Pp 95-100),
2000 .

Willatts P, Forsyth JS, DiModugno MK, Varma S,
Colvin M. Influence of long-chain polyunsaturated
fatty acids on infant cognitive function. Lipids.
1998, 33: 10, 973-980; 57 Ref.

Williams LL, Horrocks LA, Leguire LE, Shannon
BT. Serum fatty acid proportions in retinitis
pigmentosa may be affected by a number of factors.
Progress in Clinical & Biological Research. 314:49-
56, 1989 .

Woodbury MM, Woodbury MA. Neuropsychiatric
development: Two case reports about the use of
dietary fish oils and/or choline supplementation in
children. Journal of the American College of
Nutrition, Vol 12(3) (Pp 239-245), 1993 .

Yehuda S, Rabinovitz S, Mostofsky DI. Essential
fatty acids and sleep: mini-review and hypothesis.
{Review} Medical Hypotheses 1998; 50(2):139-45.

66



10.

11.

Rejected Topic (n = 161)

Anderson JW, Johnstone BM, Remley DT. Breast-
feeding and cognitive development: A meta-
analysis. American Journal of Clinical Nutrition
1999; 70(4):525-35.

Anonymous. Diet and Alzheimer's disease. Harvard
Mental Health Letter 2003; 19(8):4-7.

Anonymous. Evidence and controversies
concerning the association between diet and cancer.
EPIC (European Prospective Investigation into
Cancer) Group in Spain. Medicina Clinica 1996;
107(6):224-30.

Anonymous. Fat intake, antioxidants and
Alzheimer's disease. Health News 2003; 9(4):7-8.

Arnaud J, Fleites P, Chassagne M et al. Seasonal
variations of antioxidant imbalance in Cuban
healthy men. European Journal of Clinical Nutrition
2001; 55(1):29-38.

Askanas V, Engel WK, Kwan HH et al. Autosomal
dominant syndrome of lipid neuromyopathy with
normal carnitine: successful treatment with long-
chain fatty-acid-free diet. Neurology 1985;
35(1):66-72.

BAKER RW, SANDERS H, THOMPSON RH,
ZILKHA KJ. SERUM CHOLESTEROL
LINOLEATE LEVELS IN MULTIPLE
SCLEROSIS. J Neurol Neurosurg Psychiatry 1965
Jun;28:212-7.

Bataille R, Donadio D, Morlock G et al. {French}.
Revue Du Rhumatisme Et Des Maladies Osteo-
Acrticulaires 1979; 46(2):77-83.

Bates GP, Hockly E. Experimental therapeutics in
Huntington's disease: Are models useful for
therapeutic trials? Current Opinion in Neurology
2003; 16(4):465-70.

Bautista D, Obrador A, Moreno V et al. Ki-ras
mutation modifies the protective effect of dietary
monounsaturated fat and calcium on sporadic
colorectal cancer. Cancer Epidemiology,
Biomarkers & Prevention 1997; 6(1):57-61.

Ben-Yosef R, Or R, Naparstek E et al. Should
soybean agglutinin purging be performed in breast
cancer patients undergoing autologous stem cell
transplantation?. American Journal of Clinical
Oncology-Cancer Clinical Trials 1997; 20(4):419-
23.

67

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Bowen DJ, Kestin M, McTiernan A, Carrell D,
Green P. Effects of dietary fat intervention on
mental health in women. Cancer Epidemiology,
Biomarkers & Prevention 1995; 4(5):555-9.

Boyd NF, Cousins M, Lockwood G, Tritchler D.
Dietary fat and breast cancer risk: the feasibility of
a clinical trial of breast cancer prevention. Lipids
1992; 27(10):821-6.

Boyd NF, Cousins M, Lockwood G, Tritchler D.
The feasibility of testing experimentally the dietary
fat-breast cancer hypothesis. Progress in Clinical &
Biological Research 1990; 346:231-41.

Boyd NF, Martin LJ, Beaton M, Cousins M,
Kriukov V. Long-term effects of participation in a
randomized trial of a low-fat, high-carbohydrate
diet. Cancer Epidemiology, Biomarkers &
Prevention 1996; 5(3):217-22.

Bravo MP, Castellanos E, del Rey Calero J. Dietary
factors and prostatic cancer. Urologia
Internationalis 1991; 46(2):163-6.

Brawley OW, Thompson IM. Chemoprevention of
prostate cancer. Urology 1994; 43(5):594-9.

Bruce WR, Eyssen GM, Ciampi A, Dion PW, Boyd
N. Strategies for dietary intervention studies in
colon cancer. Cancer 1981; 47(5 Suppl):1121-5.

Calandre L, Martinez Martin P, Campos Castello J.
Treatment of lennox syndrome with medium chain
triglycerides. Anales Espanoles De Pediatria 1978;
11(3):189-94.

Cameron NE, Cotter MA. Metabolic and vascular
factors in the pathogenesis of diabetic neuropathy.
Diabetes. 46 Suppl 2:S31-7, 1997 Sep .

Carli PM, Bailly F, Tavernier C, Milan C, Heudes
D, Lavault JF. Multiple myeloma: epidemiological
features in a well-defined population in Burgundy,
France. International Journal of Epidemiology
1989; 18(2):330-3.

Chan MJA. Alzheimer's disease and vegetable oils.
New-Zealand-Medical-Journal 1993; 106:481.

Chlebowski RT, Blackburn GL, Buzzard IM et al.
Current status: evaluation of dietary fat reduction as
secondary breast cancer prevention. The Nutrition
Adjuvant Study. Progress in Clinical & Biological
Research 1990; 339:201-9.



24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Chlebowski RT, Blackburn GL, Buzzard IM et al.
Adherence to a dietary fat intake reduction program
in postmenopausal women receiving therapy for
early breast cancer. The Women's Intervention
Nutrition Study. Journal of Clinical Oncology 1993;
11(11):2072-80.

Chlebowski RT, Nixon DW, Blackburn GL et al. A
breast cancer Nutrition Adjuvant Study (NAS):
protocol design and initial patient adherence. Breast
Cancer Research & Treatment 1987; 10(1):21-9.

Cohen LA, Rose DP, Wynder EL. A rationale for
dietary intervention in postmenopausal breast
cancer patients: an update. Nutrition & Cancer
1993; 19(1):1-10.

Converse CA, Hammer HM, Packard CJ, Shepherd
J. Plasma lipid abnormalities in retinitis pigmentosa
and related conditions. Transactions of the
Ophthalmological Societies of the United Kingdom
1983; 103 ( Pt 5):508-12.

Cornu P, Benavides J, Scatton B, Hauw JJ,
Philippon J. Increase in omega 3 (peripheral-type
benzodiazepine) binding site densities in different
types of human brain tumours. A quantitative
autoradiography study. Acta Neurochirurgica 1992;
119(1-4):146-52.

Corrigan FM, Van Rhijn A, Horrobin DF. Essential
fatty acids in Alzheimer's disease. Annals of the
New York Academy of Sciences. 640:250-2, 1991 .

Cravo ML, Pinto AG, Chaves P et al. Effect of
folate supplementation on DNA methylation of
rectal mucosa in patients with colonic adenomas:
correlation with nutrient intake. Clinical Nutrition
1998; 17(2):45-9.

de la Taille A, Katz A, Vacherot F et al. {Review}
{French}. Presse Medicale 2001; 30(11):554-6.

Denson KW. Re: Multicenter case-control study of
exposure to environmental tobacco smoke and lung
cancer in Europe.{comment}. Journal of the
National Cancer Institute 1999; 91(9):803-4.

Enstrom JE. Assessing human epidemiologic data
on diet as an etiologic factor in cancer development.
{Review} Bulletin of the New York Academy of
Medicine 1982; 58(3):313-22.

Ewertz M, Gill C. Dietary factors and breast-cancer
risk in Denmark. International Journal of Cancer
1990; 46(5):779-84.

68

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Farooqui AA, Horrocks LA, Farooqui T.
Glycerophospholipids in brain: Their metabolism,
incorporation into membranes, functions, and
involvement in neurological disorders. Chemistry &
Physics of Lipids 2000; 106(1):1-29.

Field EJ, Joyce G. Steroid therapy and the
erythrocyte unsaturated fatty acid (E-UFA) test for
multiple sclerosis (MS). IRCS Medical Science
1980; 8(2):82.

Field EJ, Shenton BK. Inhibitory effect of
unsaturated fatty acids on lymphocyte-antigen
interaction with special reference to multiple
sclerosis. Acta Neurologica Scandinavica 1975;
52(2):121-36.

Flood A, Velie EM, Sinha R et al. Meat, fat, and
their subtypes as risk factors for colorectal cancer in
a prospective cohort of women. American Journal
of Epidemiology 2003; 158(1):59-68.

Fradet Y, Meyer F, Bairati I, Shadmani R, Moore L.
Dietary fat and prostate cancer progression and
survival. {Review} European Urology 1999; 35(5-
6):388-91.

Freeman JM, Vining EP, Pillas DJ, Pyzik PL, Casey
JC, Kelly LM. The efficacy of the ketogenic diet-
1998: a prospective evaluation of intervention in
150 children. Pediatrics 1998; 102(6):1358-63.

Gennari C, Chierichetti MS, Gonnelli S et al.
Migraine prophylaxis with salmon calcitonin: a
cross-over double-blind, placebo-controlled study.
Headache 1986; 26(1):13-6.

Ghadirian P, Boyle P, Simard A, Baillargeon J,
Maisonneuve P, Perret C. Reported family
aggregation of pancreatic cancer within a
population-based case-control study in the
Francophone Community in Montreal, Canada.
International Journal of Pancreatology 1991; 10(3-
4):183-96.

Ghadirian P, Lacroix A, Maisonneuve P et al.
Nutritional factors and prostate cancer: a case-
control study of French Canadians in Montreal,
Canada. Cancer Causes & Control 1996; 7(4):428-
36.

Ghadirian P, Lacroix A, Maisonneuve P et al.
Nutritional factors and colon carcinoma: a case-
control study involving French Canadians in
Montreal, Quebec, Canada. Cancer 1997;
80(5):858-64.

Gillespie NG, Mena I, Cotzias GC, Bell MA. Diets
affecting treatment of parkinsonism with levodopa.
Journal of the American Dietetic Association 1973;
62(5):525-8.



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Goldberg MJ, Smith JW, Nichols RL. Comparison
of the fecal microflora of Seventh-Day Adventists
with individuals consuming a general diet.
Implications concerning colonic carcinoma. Annals
of Surgery 1977; 186(1):97-100.

Goldbohm RA, Van Den Brandt PA, Brants HAM
et al. Validation of a dietary questionnaire used in a
large-scale prospective cohort study on diet and
cancer. European Journal of Clinical Nutrition
1994; 48(4):253-65.

Gordon N. Nutrition and cognitive function.
{Review} Brain & Development 1997; 19(3):165-
70.

Graham S, Hellmann R, Marshall J et al. Nutritional
epidemiology of postmenopausal breast cancer in
western New York.{comment}. American Journal
of Epidemiology 1991; 134(6):552-66.

Gregorio DI, Emrich LJ, Graham S, Marshall JR,
Nemoto T. Dietary fat consumption and survival
among women with breast cancer. Journal of the
National Cancer Institute 1985; 75(1):37-41.

Haider W, Steinbereithner K. {German}
Internationale Zeitschrift Fur Vitamin- Und
Ernahrungsforschung - Beiheft. 12:172-83, 1972 .

Hanash KA, Al-Othaimeen A, Kattan S et al.
Prostatic carcinoma: A nutritional disease?
Conflicting data from the Kingdom of Saudi Arabia.
Journal of Urology 2000; 164(5):1570-2.

Hebert JR, Ebbeling CB, Olendzki BC et al.
Change in women's diet and body mass following
intensive intervention for early-stage breast cancer.
Journal of the American Dietetic Association 2001;
101(4):421-31.

Hebert JR, Hurley TG, Ma Y. The effect of dietary
exposures on recurrence and mortality in early stage
breast cancer. Breast Cancer Research & Treatment
1998; 51(1):17-28.

Hemingway C, Freeman JM, Pillas DJ, Pyzik PL.
The ketogenic diet: a 3- to 6-year follow-up of 150
children enrolled prospectively. Pediatrics 2001;
108(4):898-905.

Hiatt RA, Friedman GD, Bawol RD, Ury HK.
Breast cancer and serum cholesterol. Journal of the
National Cancer Institute 1982; 68(6):885-9.

Holm LE, Nordevang E, Hjalmar ML, Lidbrink E,
Callmer E, Nilsson B. Treatment failure and dietary
habits in women with breast cancer. Journal of the
National Cancer Institute 1993; 85(1):32-6.

69

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Horn-Ross PL, Hoggatt KJ, West DW et al. Recent
diet and breast cancer risk: The California Teachers
Study (USA). Cancer Causes & Control 2002;
13(5):407-15.

Horrobin DF. Essential fatty acids in the
management of impaired nerve function in diabetes.
{Review} Diabetes. 46 Suppl 2:5S90-3, 1997 Sep .

Howe GR, Friedenreich CM, Jain M, Miller AB. A
cohort study of fat intake and risk of breast
cancer.{comment}. Journal of the National Cancer
Institute 1991; 83(5):336-40.

Isbir T, Agachan B, Yilmaz H et al.
Apolipoprotein-E gene polymorphism and lipid
profiles in Alzheimer's disease. Am 2001; 16(2):77-
81.

Jones DY, Schatzkin A, Green SB et al. Dietary fat
and breast cancer in the National Health and
Nutrition Examination Survey | Epidemiologic
Follow-up Study. Journal of the National Cancer
Institute 1987; 79(3):465-71.

Katyal NG, Koehler AN, McGhee B, Foley CM,
Crumrine PK. The ketogenic diet in refractory
epilepsy: the experience of Children's Hospital of
Pittsburgh. Clinical Pediatrics 2000; 39(3):153-9.

Katz EB, Boylan ES. Effects of reciprocal changes
of diets differing in fat content on pulmonary
metastasis from the 13762 rat mammary tumor.
Cancer 1989; 49(9):2477-84.

Katz EB, Boylan ES. Stimulatory effect of high
polyunsaturated fat diet on lung metastasis from the
13762 mammary adenocarcinoma in female retired
breeder rats. J 1987; 79(2):351-8.

Kesse E, Clavel-Chapelon F, Slimani N, van Liere
M, E3N Group. Do eating habits differ according to
alcohol consumption? Results of a study of the
French cohort of the European Prospective
Investigation into Cancer and Nutrition (E3N-
EPIC).{comment}. American Journal of Clinical
Nutrition 2001; 74(3):322-7.

Kohlmeier L, Simonsen N, van 't VVeer P et al.
Adipose tissue trans fatty acids and breast cancer in
the European Community Multicenter Study on
Antioxidants, Myocardial Infarction, and Breast
Cancer.{comment}. Cancer Epidemiology,
Biomarkers & Prevention 1997; 6(9):705-10.

Kritchevsky SB. Dietary lipids and the low blood
cholesterol-cancer association. American Journal of
Epidemiology 1992; 135(5):509-20.



69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Kushi LH, Mink PJ, Folsom AR et al. Prospective
study of diet and ovarian cancer. American Journal
of Epidemiology 1999; 149(1):21-31.

Kushi LH, Potter JD, Bostick RM et al. Dietary fat
and risk of breast cancer according to hormone
receptor status. Cancer Epidemiology, Biomarkers
& Prevention 1995; 4(1):11-9.

Kushi LH, Sellers TA, Potter JD et al. Dietary fat
and postmenopausal breast cancer.{comment}.
Journal of the National Cancer Institute 1992;
84(14):1092-9.

Lange HW. Huntington's disease: Clinical,
diagnostic and therapeutic aspects. Psycho 2002;
28(9):479-86.

Lasheras C, Fernandez S, Patterson AM.
Mediterranean diet and age with respect to overall
survival in institutionalized, nonsmoking elderly
people. American Journal of Clinical Nutrition
2000; 71(4):987-92.

Little J, Logan RF, Hawtin PG, Hardcastle JD,
Turner ID. Colorectal adenomas and diet: a case-
control study of subjects participating in the
Nottingham faecal occult blood screening
programme. British Journal of Cancer 1993;
67(1):177-84.

Logroscino G, Marder K, Cote L, Tang MX, Shea
S, Mayeux R. Dietary lipids and antioxidants in
Parkinson's disease: a population-based, case-
control study. Ann Neurol 1996; 39(1):89-94.

Love RR. Prevention of breast cancer in
premenopausal women. {Review}. Journal of the
National Cancer Institute. Monographs 1994;
(16):61-5.

Love WC, Cashell A, Reynolds M, Callaghan N.
Linoleate and fatty-acid patterns of serum lipids in
multiple sclerosis and other diseases. Br 1974;
2(922):18-21.

Luchsinger JA, Tang MX, Shea S, Mayeux R.
Caloric intake and the risk of Alzheimer disease.
Archives of Neurology 2002; 59(8):1258-63.

MacLennan R, Macrae F, Bain C et al.
Randomized trial of intake of fat, fiber, and beta
carotene to prevent colorectal adenomas. The
Australian Polyp Prevention Project.{comment}.
Journal of the National Cancer Institute 1995;
87(23):1760-6.

Marshall E. Third strike for NCI breast cancer
study. Science 1990; 250(4987):1503-4.

70

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

McKeown-Eyssen GE, Bright-See E, Bruce WR et
al. A randomized trial of a low fat high fibre diet in
the recurrence of colorectal polyps. Journal of
Clinical Epidemiology 1994; 47(5):525-36.

Meletis CD. Natural approaches to the treatment of
Parkinson's disease. Alternative & Complementary
Therapies 1999; 5(5):271-4.

Meletis CD, Bramwell B. Natural therapies to
preserve and enhance cognition and memory.
Alternative & Complementary Therapies 2001;
7(5):273-6.

Mertin J, Shenton BK, Field EJ. Unsaturated fatty
acids in multiple sclerosis. British Medical Journal
1973; 2(5869):777-8.

Messina M, Gardner C, Barnes S. Gaining insight
into the health effects of soy but a long way still to
go: commentary on the fourth International
Symposium on the Role of Soy in Preventing and
Treating Chronic Disease. {Review}. Journal of
Nutrition 2002; 132(3):547S-51S.

Meyer F, Bairati I, Shadmani R, Fradet Y, Moore L.
Dietary fat and prostate cancer survival. Cancer
Causes & Control 1999; 10(4):245-51.

Moreno LA, Sarria A, Popkin BM. The nutrition
transition in Spain: A European Mediterranean
country. European Journal of Clinical Nutrition Vol
56(10) (Pp 992-1003) , 2002. 01 OCT 2002.

Moser AE, Singh I, Brown FR3 et al. The
cerebrohepatorenal (Zellweger) syndrome.
Increased levels and impaired degradation of very-
long-chain fatty acids and their use in prenatal
diagnosis. N 1984; 310(18):1141-6.

Moser HW. Clinical and therapeutic aspects of
adrenoleukodystrophy and adrenomyeloneuropathy.
{Review}. Journal of Neuropathology &
Experimental Neurology 1995; 54(5):740-5.

Moysich KB, Freudenheim JL, Baker JA et al.
Apolipoprotein E genetic polymorphism, serum
lipoproteins, and breast cancer risk. Molecular
Carcinogenesis 2000; 27(1):2-9.

Mulder I, Jansen M, Smit HA et al. Role of
smoking and diet in the cross-cultural variation in
lung-cancer mortality: The seven countries study.
International Journal of Cancer 2000; 88(4):665-71.

Nebeling LC, Miraldi F, Shurin SB, Lerner E.
Effects of a ketogenic diet on tumor metabolism and
nutritional status in pediatric oncology patients: two
case reports. Journal of the American College of
Nutrition 1995; 14(2):202-8.



93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

Nettleton JA. Omega-3 fatty acids and health. 1995,
Xiii + 359 Pp.

Neu I. {German}. Fortschritte Der Medizin 1982;
100(45):2110.

Newman PE. Alzheimer's disease revisited. Medical
Hypotheses 2000; 54(5):774-6.

Okamoto K, Tanaka M, Kondo S. Treatment of
vascular dementia. Annals of the New York

Academy of Sciences. Vol 977 (Pp 507-512), 2002 .

Orlowski G, Brand R, Holsten P, Pohlau D. Food
consumption, nutrient density of the food and

nutrient supply in patients with multiple sclerosis.
Ernahrungs-Umschau. 1996, 43: 1, 14-18; 18 Ref.

Palosaari PM, Kilponen JM, Hiltunen JK.
Peroxisomal diseases. Annals of Medicine 1992;
24(3):163-6.

Pansari K, Gupta A, Thomas P. Alzheimer's disease
and vascular factors: Facts and theories.
International Journal of Clinical Practice 2002;
56(3):197-203.

Paty DW, Cousin HK, Read S, Adlakha K. Linoleic
acid in multiple sclerosis: failure to show any
therapeutic benefit. Acta 1978; 58(1):53-8.

Peluso M, Airoldi L, Magagnotti C et al. White
blood cell DNA adducts and fruit and vegetable
consumption in bladder cancer. Carcinogenesis
2000; 21(2):183-7.

Pettegrew JW, Klunk WE, Kanal E, Panchalingam
K, McClure RJ. Changes in brain membrane
phospholipid and high-energy phosphate
metabolism precede dementia. Neurobiol 1995;
16(6):973-5.

Posada de la Paz M, Philen RM, Gerr F et al.
Neurologic outcomes of toxic oil syndrome patients
18 years after the epidemic. Environmental Health
Perspectives 2003; 111(10):1326-34.

Poser S. Recent developments in multiple sclerosis
research. Nervenarzt 1979; 50(10):611-25.

Powell 1J, Meyskens FLJ. African American men
and hereditary/familial prostate cancer:
Intermediate-risk populations for chemoprevention
trials. Urology 2001; 57(4 Suppl 1):178-81.

Powers JM, Moser HW. Peroxisomal disorders:
Genotype, phenotype, major neuropathologic
lesions, and pathogenesis. Brain Pathology 1998;
8(1):101-20.

71

107.

108.

100.

110.

111.

112.

113.

114.

115.

116.

117.

Pradignac A, Schlienger JL, Velten M, Mejean L.
Relationships between macronutrient intake,
handicaps, and cognitive impairments in free living
elderly people. Aging-Clinical & Experimental
Research 1995; 7(1):67-74.

Prentice RL. Aspects of the science of cancer
prevention trials: lessons from the conduct and
planning of clinical trials of a low-fat diet
intervention among women. Preventive Medicine
1991; 20(1):147-57.

Prentice RL. Measurement error and results from
analytic epidemiology: dietary fat and breast
cancer.{comment}. Journal of the National Cancer
Institute 1996; 88(23):1738-47.

Prentice RL, Sheppard L. Feasibility and
importance of clinical trials of a low fat diet to
reduce cancer risk. {Review} Progress in Clinical &
Biological Research. 346:205-15, 1990 .

Puri BK, Bydder GM, Counsell SJ et al. MRI and
neuropsychological improvement in Huntington
disease following ethyl-EPA treatment. Neuroreport
2002; 13(1):123-6.

Reynish W, Andrieu S, Nourhashemi F, Vellas B.
Nutritional factors and Alzheimer's disease.
Journal-of-Gerontology.-Series-A,-Biological-
Sciences-and-Medical-Sciences 2001; 11, M675-
M680.

Rhijn AGv, Prior CA, Corrigan FM, Van Rhijn AG.
Dietary supplementation with zinc sulphate, sodium
selenite and fatty acids in early dementia of
Alzheimer's type. Journal-of-Nutritional-Medicine.
1990, 1: 4, 259-266; 35 Ref.

Riboli E, Kaaks R. The EPIC Project: Rationale and
study design. International Journal of Epidemiology
1997; 26(SUPPL. 1):S6-S14.

Risch HA, Jain M, Marrett LD, Howe GR. Dietary
fat intake and risk of epithelial ovarian cancer.
Journal of the National Cancer Institute 1994;
86(18):1409-15.

Risch HA, Marrett LD, Jain M, Howe GR.
Differences in risk factors for epithelial ovarian
cancer by histologic type. Results of a case-control
study. American Journal of Epidemiology 1996;
144(4):363-72.

Rohan TE, Hiller JE, McMichael AJ. Dietary
factors and survival from breast cancer. Nutrition &
Cancer 1993; 20(2):167-77.



118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Rohan TE, Howe GR, Burch JD, Jain M. Dietary
factors and risk of prostate cancer: a case-control
study in Ontario, Canada. Cancer Causes & Control
1995; 6(2):145-54.

Rohan TE, Jain M, Miller AB. A case-cohort study
of diet and risk of benign proliferative epithelial
disorders of the breast (Canada). Cancer Causes &
Control 1998; 9(1):19-27.

Rose DP, Connolly JM, Meschter CL. Effect of
dietary fat on human breast cancer growth and lung
metastasis in nude mice. J 1991; 83(20):1491-5.

Ruiz-Torres A, Gimeno A, Munoz FJ, Vicent D.
Are anthropometric changes in healthy adults
caused by modifications in dietary habits or by
aging? Gerontology 1995; 41(5):243-51.

Saxe GA, Rock CL, Wicha MS, Schottenfeld D.
Diet and risk for breast cancer recurrence and
survival. Breast Cancer Research & Treatment
1999; 53(3):241-53.

Schatzkin A, Subar AF, Thompson FE et al. Design
and serendipity in establishing a large cohort with
wide dietary intake distributions : the National
Institutes of Health-American Association of
Retired Persons Diet and Health Study. American
Journal of Epidemiology 2001; 154(12):1119-25.

Seidel D. {German}. Nervenarzt 1981; 52(8):489-
90.

Shekelle RB, Rossof AH, Stamler J. Dietary
cholesterol and incidence of lung cancer: the
Western Electric Study.{comment}. American
Journal of Epidemiology 1991; 134(5):480-4;
discussion 543-4.

Sibley WA. Current methods of therapy in multiple
sclerosis. {Review}. Modern Treatment 1970;
7(5):918-29.

Simon MS, Heilbrun LK, Boomer A etal. A
randomized trial of a low-fat dietary intervention in
women at high risk for breast cancer. Nutrition &
Cancer 1997; 27(2):136-42.

Singh RB, Kartik C, Otsuka K, Pella D, Pella J.
Brain-heart connection and the risk of heart attack.
Biomedicine & Pharmacotherapy 2002; 56(SUPPL.
2):257s-65s.

Slattery ML, Curtin K, Anderson K et al.

Associations between dietary intake and Ki-ras
mutations in colon tumors: A population-based
study. Cancer Research 2000; 60(24):6935-41.

72

130.

131

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

Small EJ. Update on the diagnosis and treatment of
prostate cancer. {Review} Current Opinion in
Oncology 1998; 10(3):244-52.

Smith-Warner SA, Ritz J, Hunter DJ et al. Dietary
fat and risk of lung cancer in a pooled analysis of
prospective studies. Cancer Epidemiology,
Biomarkers & Prevention 2002; 11(10 1):987-92.

Solfrizzi V, Panza F, Torres F et al. High
monounsaturated fatty acids intake protects against
age-related cognitive decline. Neurology 1999;
52(8):1563-9.

Speizer FE, Colditz GA, Hunter DJ, Rosner B,
Hennekens C. Prospective study of smoking,
antioxidant intake, and lung cancer in middle-aged
women (USA). Cancer Causes & Control 1999;
10(5):475-82.

Stemmermann GN, Nomura AM, Heilbrun LK.
Dietary fat and the risk of colorectal cancer. Cancer
Research 1984; 44(10):4633-7.

Svoboda K, Juhasz A, Hampson J. The bioactivity
of essential oils and their components on human
nervous system. Aroma-Research. 2000, 1: 4, 92-
98; 17 Ref.

Swank RL, Goodwin J. Review of MS patient
survival on a Swank low saturated fat diet. Nutrition
2003; 19(2):161-2.

Tichy J, Vymazal J. Changes of some serum fatty
acids and lipids in relation to the clinical course of
multiple sclerosis. Acta Neurologica Scandinavica
1973; 49(3):345-54.

Tichy J, Vymazal J. {Czech}. Casopis Lekaru
Ceskych 1978; 117(38-39):1184-90.

Tobiasz-Adamczyk B. Health beliefs and health
behaviours in subpopulation of stomach cancer
families and in the control group. Cancer Letters
1997; 114(1-2):301-4.

Tremblay A, Drapeau V, Doucet E, Almeras N,
Despres JP, Bouchard C. Fat balance and ageing:
results from the Quebec Family Study. British
Journal of Nutrition 1998; 79(5):413-8.

Twyman D. Nutritional management of the
critically ill neurologic patient. {Review}. Critical
Care Clinics 1997; 13(1):39-49.



142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

Uauy Dagach R, Mena P, Hoffman D, Perman
JAed, Rey J. Nutrition, diet, and infant
development: long-chain polyunsaturated fatty acids
in infant neurodevelopment. Clinical Trials in Infant
Nutrition: Methodology, Statistics and Ethical
Issues. Nestle-Nutrition-Workshop-Series. 1998,
40: 153-180; 56 Ref.

Vaddadi KS. Essential fatty acids and neuroleptic
drug-associated tardive dyskinesia: Preliminary
clinical observations. IRCS Medical Science 1984;
12(8):678.

Vaddadi KS, Courtney P, Gilleard CJ, Manku MS,
Horrobin DF. A double-blind trial of essential fatty
acid supplementation in patients with tardive
dyskinesia. Psychiatry Research 1989; 27(3):313-
23.

van den Brandt PA, van't Veer P, Goldbohm RA et
al. A prospective cohort study on dietary fat and the
risk of postmenopausal breast cancer. Cancer
Research 1993; 53(1):75-82.

Van Wezel-Meijler G, Van der Knaap MS,
Huisman J, Jonkman EJ, Valk J, Lafeber HN.
Dietary supplementation of long-chain
polyunsaturated fatty acids in preterm infants:
Effects on cerebral maturation. Acta Paediatrica
2002; 91(9):942-50.

Vymazal J, Tichy J. {Czech}. Ceskoslovenska
Neurologie 1972; 35(4):195-201.

Wasantwisut E. Nutrition and development: other
micronutrients' effect on growth and cognition.
{Review} Southeast Asian Journal of Tropical
Medicine & Public Health. 28 Suppl 2:78-82, 1997 .

Weitzel KW, Thomas ML, Small RE, Goode J-V.
Migraine: A comprehensive review of new
treatment options. Pharmacotherapy 1999;
19(8):957-73.

West DW, Slattery ML, Robison LM et al. Dietary
intake and colon cancer: sex- and anatomic site-
specific associations. American Journal of
Epidemiology 1989; 130(5):883-94.

Whalley LJ, Fox HC, Lemmon HA et al. Dietary
supplement use in old age: Associations with
childhood 1Q, current cognition and health.
International Journal of Geriatric Psychiatry 2003;
18(9):769-76.

73

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

Willett WC, Hunter DJ. Prospective studies of diet
and breast cancer. {Review} Cancer 1994; 74(3
Suppl):1085-9.

Willett WC, Hunter DJ, Stampfer MJ et al. Dietary
fat and fiber in relation to risk of breast cancer. An
8-year follow-up.{comment}. JAMA 1992;
268(15):2037-44.

Williams LL, O'Dougherty MM, Wright FS et al.
Dietary essential fatty acids, vitamin E, and
Charcot-Marie-Tooth disease. Neurology 1986;
36(9):1200-5.

Willis MS, Wians Jr FH. The role of nutrition in
preventing prostate cancer: A review of the
proposed mechanism of action of various dietary
substances. Clinica Chimica Acta 2003; 330(1-
2):57-83.

Wolff AC, Donehower RC, Carducci MK et al.
Phase | study of docosahexaenoic acid-paclitaxel: A
taxane-fatty acid conjugate with a unique
pharmacology and toxicity profile. Clinical Cancer
Research 2003; 9(10 1):3589-97.

Wolfgarten E, Rosendahl U, Nowroth T et al.
Coincidence of nutritional habits and esophageal
cancer in Germany. Onkologie 2001; 24(6):546-51.

Wolk A, Bergstrom R, Hunter D et al. A
prospective study of association of
monounsaturated fat and other types of fat with risk
of breast cancer.{comment}. Archives of Internal
Medicine 1998; 158(1):41-5.

Wolkin A, Jordan B, Peselow E, Rubinstein M,
Rotrosen J. Essential fatty acid supplementation in
tardive dyskinesia. American Journal of Psychiatry
1986; 143(7):912-4.

Young SN. Lifestyle drugs, mood, behaviour and
cognition. Journal of Psychiatry & Neuroscience
2003; 28(2):87-9.

Zureik M, Ducimetiere P, Warnet JM, Orssaud G.
Fatty acid proportions in cholesterol esters and risk
of premature death from cancer in middle aged
French men. BMJ. British Medical Journal. Vol
311(7015) (Pp 1251-1254), 1995 .



Rejected Population (n = 15)

Black KL, Hoff JT. Eicosapentaenoic acid: Effect
on brain prostaglandins, cerebral blood flow and
edema in ischemic gerbils. Stroke 1984; 15(1):65.

Bourre JM, Bonneil M, Clement M et al. Function
of dietary polyunsaturated fatty acids in the nervous
system. Prostaglandins Leukotrienes & Essential
Fatty Acids 1993; 48(1):5-15.

Bourre JM, Dumont O, Piciotti M et al. Essentiality
of omega-3 fatty acids for brain structure and
function. In: Simopoulos AP, Kifer RR, Martin RE,
Barlow SM, eds. Health effects of omega-3
polyunsaturated fatty acids in seafoods. Vol. 66.
Basel, Karger: World Rev Nutr Diet, 1991: 103-17.

Chalon S, Vancassel S, Zimmer L et al.
Polyunsaturated fatty acids and cerebral function:
focus on monoaminergic neurotransmission.
Symposium on PUFA in Maternal and Child
Health, Kansas City, Missouri, USA, 10-13
September 2000. Lipids 2001; 36(9):937-44.

Christensen E, Woldseth B, Hagve TA et al.
Peroxisomal beta-oxidation of polyunsaturated long
chain fatty acids in human fibroblasts. The
polyunsaturated and the saturated long chain fatty
acids are retroconverted by the same acyl-CoA
oxidase. Scandinavian Journal of Clinical and
Laboratory Investigation Supplement. 215:61-74,
1993.

Fernstrom JD. Effects of dietary polyunsaturated
fatty acids on neuronal function. PUFA in Infant
Nutrition: Consensus and Controversies, 7 - 9,
November, 1996, Barcelona, Spain. Lipids. 1999,
34: 2,161-169; 62 Ref.

Gerbi A, Maixent JM, Barbey O et al.
Neuroprotective effect of fish oil in diabetic
neuropathy . Lipids 1999; 7.

Kim HeeYong, Edsall L, Kim HY. The role of
docosahexaenoic acid (22:6n-3) in neuronal
signaling. Lipids. 1999, 34: Supplement, S249-
S250; 1 Ref.

Leaf A. The electrophysiologic basis for the
antiarrhythmic and anticonvulsant effects of n-3
polyunsaturated fatty acids: Heart and brain. Lipids
2001; 36(SUPPL.):S107-S110.

74

10.

11.

12.

13.

14.

15.

Okuyama H. Minimum requirements of n-3 and n-6
essential fatty acids for the function of the central
nervous system and for the prevention of chronic
disease. Proceedings of the Society for
Experimental Biology & Medicine 1992;
200(2):174-6.

Phillis JW, O'Regan MH. The role of
phospholipases, cyclooxygenases, and
lipoxygenases in cerebral ischemic/traumatic
injuries. {Review} Critical Reviews in
Neurobiology 2003; 15(1):61-90.

Roberts LJ2, Montine TJ, Markesbery WR et al.
Formation of isoprostane-like compounds
(neuroprostanes) in vivo from docosahexaenoic
acid. Journal of Biological Chemistry 1998;
273(22):13605-12.

Rodriguez de Turco EB, Belayev L, Liu Y et al.
Systemic fatty acid responses to transient focal
cerebral ischemia: influence of neuroprotectant
therapy with human albumin. Journal of
Neurochemistry 2002; 83(3):515-24.

Salem N, Edmond J, Kyle D et al. Brain uptake and
utilization of fatty acids: Applications to
peroxisomal biogenesis disorders (An International
Workshop): Roundtable discussion of session 2:
Brain uptake, transport, and metabolism of PUFA:
In vivo and in vitro studies. Journal of Molecular
Neuroscience 2001; 16(2-3):215-21.

Yehuda S, Rabinovitz S, Mostofsky DI. Essential
fatty acids are mediators of brain biochemistry and
cognitive functions. Journal of Neuroscience
Research 1999; 56(6):565-70.



10.

11.

12.

13.

14.

Rejected Study Design Descriptive (n = 24)

Agranoff BW. Multiple sclerosis. Dietary fats and
health. AOCS-Monograph 1983; 10:941-50.

Anonymous. Fatty acids and multiple sclerosis.
Lancet 1967; 2(7518):708-9.

Anonymous. Feeding the aging brain. Newsweek
2003; 141(3):54.

Anonymous. Lipids and multiple sclerosis. Lancet
1990; 336(8706):25-6.

Anonymous. More evidence that eating fish often
can reduce risk of Alzheimer's disease.
Pharmaceutical Journal Vol 271(7259) (Pp 109) ,
2003. 26 JUL 2003.

Anonymous. Omega 3 fatty acids as additive in
multiple sclerosis. Deutsche Apotheker Zeitung
1998; 138(3):43-4.

Anonymous. Polyunsaturated fatty acids and
colchicine in multiple sclerosis. British Medical
Journal 1979; 1(6160):411-2.

Das UN. Is there a role for saturated and long-chain
fatty acids in multiple sclerosis? Nutrition 2003;
19(2):163-6.

Field EJ. Multiple sclerosis: treatment and
prophylaxis. Journal of the Royal Society of
Medicine 1979; 72(7):487-8.

Field EJ. Polyunsaturated fatty acids in multiple
sclerosis. British Medical Journal 1979;
1(6169):1016-7.

Field EJ, Joyce G. Clinical trials of unsaturated fatty
acids in multiple sclerosis. IRCS Medical Science
1981; 9(12):1081.

Field EJ, Joyce G. Multiple sclerosis: what can and
cannot be done. British Medical Journal 1979;
2(6204):1571-2.

Fisher M. Adverse effects of fish oil (I: Reply).
Archives of Internal Medicine 1990; 150(9):1971.

Friedland R. Fish consumption and the risk of
Alzheimer disease: is it time to make dietary
recommendations? Archives of Neurology 2003;
60(7):923-4.

75

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Grant WB. Diet and risk of dementia: Does fat
matter? The Rotterdam study. Neurology 2003;
60(12):2020-1.

Hansen HS. New biological and clinical roles for
the n-6 and n-3 fatty acids. Nutrition Reviews 1994;
52(5):162-7.

Johnson S. The possible role of gradual
accumulation of copper, cadmium, lead and iron
and gradual depletion of zinc, magnesium,
selenium, vitamins B2, B6, D, and E essential fatty
acids in multiple sclerosis. Medical Hypotheses
2000; 55(3):239-41.

Katz R, Hamilton JA, Spector AA et al. Brain
uptake and utilization of fatty acids. Journal of
Molecular Neuroscience 2001; 16(2-3):333-5.

Marshall BH. Lipids and neurological diseases.
Medical-Hypotheses. 1991, 34: 3, 272-274; 8 Ref.

Newman PE. Could diet be one of the causal factors
of Alzheimer's disease?. Medical Hypotheses 1992;
39(2):123-6.

Noetzel MJ. Fish oil and myelin: Cautious optimism
for treatment of children with disorders of
peroxisome biogenesis. Neurology 1998; 51(1):5-7.

Peers R. Fatty diet, mitochondria and Parkinson's
disease. New Zealand Medical Journal 1997;
110(1041):132.

Spirer Z, Koren L, Finkelstein A, Jurgenson U.
Prevention of febrile seizures by dietary
supplementation with N-3 polyunsaturated fatty
acids. {Review} Medical Hypotheses 1994;
43(1):43-5.

Voskuyl RA. Is marine fat anti-epileptogenic?
Nutrition & Health 2002; 16(1):51-3.



10.

11.

12.

Rejected Study Design Review/Meta-Analysis (n = 63)

Fish oil supplements. Geneesmiddelenbulletin
1999; 33(4 ):37-42.

Anonymous. Fish oil supplements.
Geneesmiddelenbulletin 1999; 33(4):37-42.

Bates D. Dietary lipids and multiple sclerosis.
{Review} Upsala Journal of Medical Sciences
- Supplement. 48:173-87, 1990 .

Bates D. Lipids and multiple sclerosis.
Biochemical Society Transactions 1989;
17(2):289-91.

Bazan NG, Palacios-Pelaez R, Lukiw WJ.
Hypoxia signaling to genes: significance in
Alzheimer's disease. {Review} Molecular
Neurobiology 2002; 26(2-3):283-98.

Belluzzi A. N-3 and n-6 fatty acids for the
treatment of autoimmune diseases.
European.Journal.of.Lipid.Science.and. Techno
logy 2001; 103:399-407.

Ben-Shlomo Y, Davey Smith G, Marmot MG.
Dietary fat in the epidemiology of multiple
sclerosis: has the situation been adequately
assessed? Neuroepidemiology 1992; 11(4-
6):214-25.

Benda W. Alternative medicine research report
- Brief citations. Journal of Herbal
Pharmacotherapy 2003; 3(2):61-7.

Berrino F. {Review} {lItalian} Epidemiologia
e Prevenzione 2002; 26(3):107-15.

Biase A di, Salvati S, Di Biase A. Exogenous
lipids in myelination and demyelination.
Kaohsiung-Journal-of-Medical-Sciences 1997;
13(1):19-29.

Bryan J, Calvaresi E, Hughes D. Foods for
thinking and memory. Food-Australia 2001;
53(11):477-9.

Calder P. n-3 polyunsaturated fatty acids and
cytokine production in health and disease.
Annals of Nutrition & Metabolism 1997;
41(4):203-34.

76

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Caldis-Coutris N, Namaka M, Melanson M.
Nutritional management of multiple sclerosis.
Canadian Pharmaceutical Journal 2002;
135(5):31-8+40.

Carroll KK. Biological effects of fish oils in
relation to chronic diseases. Lipids 1986;
21(12):731-2.

Clausen J. Demential syndromes and the lipid
metabolism. Acta Neurologica Scandinavica
1984; 70(5):345-55.

Clayton P, Watson DH. Mood, cognitive
function and nutritional and other
supplements. Performance-Functional-Foods
2003; 21-37.

Cooper JL. Dietary lipids in the aetiology of
Alzheimer's disease: implications for therapy.
Drugs & Aging 2003; 20(6):399-418.

Das UN. Estrogen, statins, and
polyunsaturated fatty acids: similarities in their
actions and benefits -- is there a common link?
Nutrition 2002; 18(2):178-88.

Das UN. Long-chain polyunsaturated fatty
acids in the growth and development of the
brain and memory. Nutrition. 2003, 19: 1, 62-
65; 71 Ref.

de Andres C, Lledo A. Fatty diet and multiple
sclerosis. {Review} {Spanish} Revista De
Neurologia 1997; 25(148):2032-5.

Di Biase A, Salvati S. Exogenous lipids in
myelination and myelination. {Review}
Kaohsiung Journal of Medical Sciences 1997;
13(1):19-29.

Farkas E, de Wilde MC, Kiliaan AJ, Luiten
PG. Chronic cerebral hypoperfusion-related
neuropathologic changes and compromised
cognitive status: window of treatment.
{Review} Drugs of Today 2002; 38(5):365-
76.

Fernandez O. {Spanish} Neurologia 1991;
6(7):235-7.



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

French JM. MaxEPA in multiple sclerosis.
British Journal of Clinical Practice.
Supplement. 31:117-21, 1984 .

Gallai V, Sarchielli P, Trequattrini A,
Murasecco D. Supplementation of
polyunsaturated fatty acids in multiple
sclerosis. {Review} Italian Journal of
Neurological Sciences 1992; 13(5):401-7.

Gerster H. Can adults adequately convert
alpha-linolenic acid (18:3n-3) to
eicosapentaenoic acid (20:5n-3) and
docosahexaenoic acid (22:6n-3)?. {Review}
International Journal for Vitamin & Nutrition
Research 1998; 68(3):159-73.

Gibson RA. The effect of diets containing fish
and fish oils on disease risk factors in humans.
Australian & New Zealand Journal of
Medicine 1988; 18(5):713-22.

Grant WB. Dietary links to Alzheimer's
disease: 1999 Update. Journal of Alzheimer's
Disease 1999; 1(4-5):197-201.

Grant WB, Campbell A, Itzhaki RF, Savory J.
The significance of environmental factors in
the etiology of Alzheimer's disease.
Challenging Views of Alzheimer's Disease,
Cincinnati, USA, 28-29 July 2001. JAD,-
Journal-of-Alzheimer's-Disease. 2002, 4: 3,
179-189; 124 Ref.

Haag M. Essential fatty acids and the brain.
Canadian Journal of Psychiatry - Revue
Canadienne De Psychiatrie 2003; 48(3):195-
203.

Hibbeln JR, Salem Jr N. Dietary
polyunsaturated fatty acids and depression:
When cholesterol does not satisfy. American
Journal of Clinical Nutrition 1995; 62(1):1-9.

Huntley A, Ernst E. Complementary and
alternative therapies for treating multiple
sclerosis symptoms: A systematic review.
Complementary Therapies in Medicine 2000;
8(2):97-105.

Hutter C. On the causes of multiple sclerosis.
{Review} Medical Hypotheses 1993;
41(2):93-6.

77

34.

35.

36.

37.

38.

39.

40.

41,

42,

Hutter CD, Laing P. Multiple sclerosis:
sunlight, diet, immunology and aetiology.
{Review} Medical Hypotheses 1996;
46(2):67-74.

Infante JP, Huszagh VA. On the molecular
etiology of decreased arachidonic (20:4n-6),
docosapentaenoic (22:5n-6) and
docosahexaenoic (22:6n-3) acids in Zellweger
syndrome and other peroxisomal disorders.
{Review} Molecular & Cellular Biochemistry
1997; 168(1-2):101-15.

Irving GF. Nutrition and cognitive function in
the elderly. Scandinavian Journal of
Nutrition/Naringsforskning 2003; 47(3):139-
42.

Kalmijn S. Fatty acid intake and the risk of
dementia and cognitive decline: a review of
clinical and epidemiological studies. Journal of
Nutrition, Health & Aging 2000; 4(4):202-7.

Kidd PM. Multiple sclerosis, an autoimmune
inflammatory disease: prospects for its
integrative management. {Review} Alternative
Medicine Review 2001; 6(6):540-66.

Martinez M. Developmental profiles of
polyunsaturated fatty acids in the brain of
normal infants and patients with peroxisomal
diseases: severe deficiency of
docosahexaenoic acid in Zellweger's and
pseudo-Zellweger's syndromes. World Review
of Nutrition & Dietetics 1991; 66:87-102.

Martinez M. Polyunsaturated fatty acids in the
developing human brain, erythrocytes and
plasma in peroxisomal disease: therapeutic
implications. {Review} Journal of Inherited
Metabolic Disease. 18 Suppl 1:61-75, 1995 .

Martinez Regulez M. The importance of
docosahexaenoic acid (DHA) on brain
development in the normal child and in the
patient with Zellweger's syndrome. Ciencia-
Pediatrika 2002; 22(8):275-88.

Mayer M. Essential fatty acids and related
molecular and cellular mechanisms in multiple
sclerosis: new looks at old concepts. Folia-
Biologica-Praha. 1999, 45: 4, 133-141; 130
Ref.



43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

McCarty MF. Magnesium taurate and fish oil
for prevention of migraine. {Review} Medical
Hypotheses 1996; 47(6):461-6.

McCarty MF. Vascular nitric oxide, sex
hormone replacement, and fish oil may help to
prevent Alzheimer's disease by suppressing
synthesis of acute-phase cytokines. Medical-
Hypotheses. 1999, 53: 5, 369-374; 85 Ref.

Newman PE. Could diet be used to reduce the
risk of developing Alzheimer's disease?.
{Review} Medical Hypotheses 1998;
50(4):335-7.

Payne A. Nutrition and diet in the clinical
management of multiple sclerosis. Journal of
Human Nutrition & Dietetics 2001; 14(5):349-
57.

Pohlau D, Hoffmann V, Orlowski G et al. Fats
and multiple sclerosis. Ernahrungs-Umschau.
1997, 44: 4, 136-142; 63 Ref.

Qi K, Hall M, Deckelbaum RJ. Long-chain
polyunsaturated fatty acid accretion in brain.
Curr 2002; 5(2):133-8.

Raymond GV. Peroxisomal disorders.
{Review} Current Opinion in Pediatrics 1999;
11(6):572-6.

Rogers PJ. A healthy body, a healthy mind:
long-term impact of diet on mood and
cognitive function. The Summer Meeting of
the Nutrition Society, University College,
Cork, Republic of Ireland, 27-30 June 2000.
Proceedings-of-the-Nutrition-Society. 2001,
60: 1, 135-143; 86 Ref.

Rondanelli M, Opizzi A, Bonisio A, Trotti R,
Magnani B. Dietary habits and migraine:
Which are the links? Confinia Cephalalgica
2002; 11(2):79-93.

Salem NJr, Litman B, Kim HY et al.
Mechanisms of action of docosahexaenoic
acid in the nervous system. Symposium on
PUFA in Maternal and Child Health, Kansas
City, Missouri, USA, 10-13 September 2000.
Lipids. 2001, 36: 9, 945-959; 149 Ref.

78

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

Segasothy M, Phillips PA. Vegetarian diet:
panacea for modern lifestyle diseases?
{comment} {Review} Qjm 1999; 92(9):531-
44,

Seidel D. {German} Fortschritte Der
Neurologie-Psychiatrie 1982; 50(6):173-89.

Shapiro H. Could n-3 polyunsaturated fatty
acids reduce pathological pain by direct
actions on the nervous system?
Prostaglandins,-Leukotrienes-and-Essential-
Fatty-Acids 2003; 3, 219-24.

Solfrizzi V, Panza F, Capurso A. The role of
diet in cognitive decline. {Review} Journal of
Neural Transmission 2003; 110(1):95-110.

Spector AA. Plasma free fatty acid and
lipoproteins as sources of polyunsaturated
fatty acid for the brain. J 2001; 16(2-3):159-
65; discussion 215-21.

Spigai C. Basic theory and practical conditions
for adopting in old age a diet with the correct
amount of essential polyunsaturated fatty
acids. Minerva-Dietologica 1973; 3, 110-7.

Swank RL. Multiple sclerosis: twenty years on
low fat diet. Archives of Neurology 1970;
23(5):460-74.

Uauy R, Peirano P, Hoffman D, Mena P, Birch
D, Birch E. Role of essential fatty acids in the
function of the developing nervous system.
Lipids. 1996, 31: SUPPL, S167-S176; 84 Ref.

Vaddadi K. Dyskinesias and their treatment
with essential fatty acids: a review. {Review}
Prostaglandins Leukotrienes & Essential Fatty
Acids 1996; 55(1-2):89-94.

Yoshida S, Sato A, Okuyama H.
Pathophysiological effects of dietary essential
fatty acid balance on neural systems. Japanese
Journal of Pharmacology 1998; 77(1):11-22.

Youdim KA, Martin A, Joseph JA. Essential
fatty acids and the brain: possible health
implications. International Journal of
Developmental Neuroscience 2000; 18(4-
5):383-99.



10.

Rejected Inappropriate Study Design (n = 23)

Auada MP, Taube MBP, Collares EF, Tanaka
AMU, Cintra ML. Sjogren-Larsson syndrome:
Biochemical defects and follow up in three cases.
European Journal of Dermatology 2002; 12(3):263-
6.

Bennett MJ, Hosking GP, Gayton R, Thompson G,
Galloway JH, Cartwright 1J. Therapeutic
modification of membrane lipid abnormalities in
juvenile neuronal ceroid-lipofuscinosis (Batten
disease). American Journal of Medical Genetics
1988; Supp 5:275-81.

Bjerve KS. n-3 fatty acid deficiency in man. Journal
of Internal Medicine. Supplement 1989;
225(731):171-5.

Bower BD, Newsholme EA. Treatment of
idiopathic polyneuritis by a polyunsaturated fatty-
acid diet . Lancet 1978; 8064:583-5.

Djoenaidi W, Notermans SLH, Verbeek ALM.
Subclinical beriberi polyneuropathy in the low
income group: An investigation with special tools
on possible patients with suspected complaints.
European Journal of Clinical Nutrition 1996;
50(8):549-55.

Esparza ML, Sasaki S, Kesteloot H. Nutrition,
latitude, and multiple sclerosis mortality: an
ecologic study. Am J Epidemiol 1995; 142(7):733-
7.

Ferry P, Johnson M, Wallis P. Use of
complementary therapies and non-prescribed
medication in patients with Parkinson's disease.
Postgraduate Medical Journal 2002; 78(924):612-4.

Harper ME, Patrick J, Kramer JK, Wolynetz MS.
Erythrocyte membrane lipid alterations in
undernourished cerebral palsied children during
high intakes of a soy oil-based enteral formula.
{comment} Lipids 1990; 25(10):639-45.

Hewson DC, Phillips MA, Simpson KE, Drury P,
Crawford MA. Food intake in multiple sclerosis.
Human-Nutrition:-Applied-Nutrition. 1984, 38A: 5,
355-367; 37 Ref.

Lauer K. The risk of multiple sclerosis in the U.S.A.

in relation to sociogeographic features: a factor-
analytic study. Journal of Clinical Epidemiology
1994; 47(1):43-8.

79

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Lee L, Kang SA, Lee HO et al. Relationships
between dietary intake and cognitive function level
in Korean elderly people. Public Health 2001;
115(2):133-8.

Martinez M. Docosahexaenoic acid therapy in
docosahexaenoic acid-deficient patients with
disorders of peroxisomal biogenesis. Lipids. 1996;
31(supp):S145-S152.

Martinez M. Treatment with docosahexaenoic acid
favorably modifies the fatty acid composition of
erythrocytes in peroxisomal patients. Progress in
Clinical & Biological Research. 375:389-97, 1992 .

Martinez M, Pineda M, Vidal R, Conill J, Martin B.
Docosahexaenoic acid - A new therapeutic
approach to peroxisomal-disorder patients:
Experience with two cases. Neurology 1993;
43(7):1389-97.

Martinez M, Vazquez E. MRI evidence that
docosahexaenoic acid ethyl ester improves
myelination in generalized peroxisomal disorders.
{comment} Neurology 1998; 51(1):26-32.

Peers. Alzheimer's disease and omega-3 fatty acids:
Hypothesis (Comment I1). Medical Journal of
Australia 1990; 153( 9):564.

Petroni A, Bertagnolio B, La Spada P et al. The
beta-oxidation of arachidonic acid and the synthesis
of docosahexaenoic acid are selectively and
consistently altered in skin fibroblasts from three
Zellweger patients versus X-adrenoleukodystrophy,
Alzheimer and control subjects. Neuroscience
Letters 1998; 250(3):145-8.

Schlanger S, Shinitzky M, Yam D. Diet enriched
with omega-3 fatty acids alleviates convulsion
symptoms in epilepsy patients. Epilepsia 2002;
43(1):103-4.

Singh RB, Kartikey K, Moshiri M. Effect of omega
Qgel<inf>T</inf> (coenzyme Q10 and fish oil) in a
patient with tuberous sclerosis. Journal of
Nutritional & Environmental Medicine 2002;
12(4):295-9.

Sovik O, Mansson JE, Bjorke Monsen AL, Jellum

E, Berge RK. Generalized peroxisomal disorder in

male twins: fatty acid composition of serum lipids

and response to n-3 fatty acids. Journal of Inherited
Metabolic Disease 1998; 21(6):662-70.



21.

22.

23.

Suzuki Y, Shimozawa N, Imamura A et al. Trial of
docosahexaenoic acid supplementation on a
Japanese patient with a peroxisome biogenesis
defect. Acta Paediatrica Japonica 1996; 38(5):520-
3.

Tein I, Vajsar J, MacMillan L, Sherwood WG.
Long-chain L-3-hydroxyacyl-coenzyme A
dehydrogenase deficiency neuropathy: response to
cod liver oil. Neurology 1999; 52(3):640-3.

Tilvis RS, Erkinjuntti T, Sulkava R, Miettinen TA.
Fatty acids of plasma lipids, red cells and platelets
in Alzheimer's disease and vascular dementia.
Atherosclerosis. 1987, 65: 3, 237-245; 37 Ref.

80



Rejected Duplicate (n = 1)

Bates D, Cartlidge N, French J. Results of a trial of N-
3 polyunsaturated fatty acids in the treatment of
multiple sclerosis. Irish Journal of Medical Science
1988; 157(8):277.

81



Rejected Not Omega-3 (n =1)

Bates D, Fawcett PRW, Shaw DA, Weightman D.
Polyunsaturated fatty acids in treatment of acute
remitting multiple sclerosis. British-Medical-Journal
1978; 2(6149):1390-1.

82



Rejected No Difference in Omega-3 (n = 3)

Swank RL. Multiple sclerosis: fat-oil relationship. 3. Swank RL, Grimsgaard A. Multiple sclerosis: the lipid
Nutrition 1991; 7(5):368-76. relationship. Am J Clin Nutr 1988; 48(6):1387-93.

Swank RL, Dugan BB. Effect of low saturated fat diet
in early and late cases of multiple sclerosis. Lancet
1990; 336(8706):37-9.

83



Rejected Cannot Ascertain Omega-3 Effect Across Arms
(n =6)

Engelhart MJ, Geerlings MI, Ruitenberg A et al. Diet
and risk of dementia: Does fat matter?: The Rotterdam
Study. Neurology 2002; 59(12):1915-21.

Fitzgerald G, Harbige LS, Forti A, Crawford MA. The
effect of nutritional counselling on diet and plasma
EFA status in multiple sclerosis patients over 3 years.
Human-Nutrition:-Applied-Nutrition. 1987, 41A: 5,
297-310; 61 Ref.

Kyle DJ, Schaefer E, Patton G, Beiser A. Low serum
docosahexaenoic acid is a significant risk factor for
Alzheimer's dementia. Lipids 1999; Supplement,
S245.

84

4. Morris MC, Evans DA, Bienias JL et al. Dietary fats
and the risk of incident Alzheimer disease. Archives
of Neurology 2003; 60(2):194-200.

5. Requejo AM, Ortega RM, Robles F, Navia B, Faci M,
Aparicio A. Influence of nutrition on cognitive
function in a group of elderly, independently living
people. European Journal of Clinical Nutrition 2003;
57(SUPPL. 1):S54-S57.

6. Yehuda S, Rabinovitz S, Carasso RL, Mostorfsky DI.
Essential fatty acids preparation (SR-3) improves
Alzhaimer’s patients quality of life. Int J Neurosci 1996;
87(3-4) 141-149.



Rejected No Outcomes or Criteria of Interest (n = 44)

Brooksbank BW, Martinez M, Balazs R.
Altered composition of polyunsaturated fatty
acyl groups in phosphoglycerides of Down's
syndrome fetal brain. Journal of
Neurochemistry 1985; 44(3):869-74.

Conquer JA, Tierney MC, Zecevic J, Bettger
WJ, Fisher RH. Fatty acid analysis of blood
plasma of patients with Alzheimer's disease,
other types of dementia, and cognitive
impairment. Lipids 2000; 35(12):1305-12.

Corrigan FM, Horrobin DF, Skinner ER,
Besson JAO, Cooper MB. Abnormal content
of n-6 and n-3 long-chain unsaturated fatty
acids in the phosphoglycerides and cholesterol
esters of parahippocampal cortex from
Alzheimer's disease patients and its
relationship to acetyl CoA content.
International-Journal-of-Biochemistry-and-
Cell-Biology 1998; 30(2):197-207.

Corrigan FM, Mowat B, Skinner ER, Van
Rhijn AG, Cousland G. High density
lipoprotein fatty acids in dementia.
Prostaglandins Leukotrienes & Essential Fatty
Acids 1998; 58(2):125-7.

Crawford MA, Budowski P, Hassam AG.
Dietary management in multiple sclerosis.
Proceedings of the Nutrition Society 1979;
38(3):373-89.

Crawford MA, Stevens P. A study on essential
fatty acids and multiple sclerosis. Progress in
Lipid Research. 20:255-8, 1981 .

Cunnane SC, Ho SY, Dore Duffy P, Ells KR,
Horrobin DF. Essential fatty acid and lipid
profiles in plasma and erythrocytes in patients
with multiple sclerosis. American-Journal-of-
Clinical-Nutrition 1989; 50(4):801-6.

Diboune M, Ferard G, Ingenbleek Y et al.
Composition of phospholipid fatty acids in red
blood cell membranes of patients in intensive
care units: effects of different intakes of
soybean oil, medium-chain triglycerides, and
black-currant seed oil. Jpen: Journal of
Parenteral & Enteral Nutrition 1992;
16(2):136-41.

85

10.

11.

12.

13.

14.

15.

16.

17.

Doidge MJ. Evaluation of a nutrition education
programme for people with multiple sclerosis.
Journal-of-Human-Nutrition-and-Dietetics
1993; 6(2):131-47.

Evans P, Dodd G. Erythrocyte fatty acids in
multiple sclerosis. Acta Neurologica
Scandinavica 1989; 80(6):501-3.

Gallai V, Sarchielli P, Trequattrini A et al.
Cytokine secretion and eicosanoid production
in the peripheral blood mononuclear cells of
MS patients undergoing dietary
supplementation with n-3 polyunsaturated fatty
acids. Journal of Neuroimmunology 1995;
56(2):143-53.

Gronn M, Christensen E, Hagve TA,
Christophersen BO. The Zellweger syndrome:
deficient conversion of docosahexaenoic acid
(22:6(n-3)) to eicosapentaenoic acid (20:5(n-
3)) and normal delta 4-desaturase activity in
cultured skin fibroblasts. Biochimica Et
Biophysica Acta 1990; 1044(2):249-54.

Hals J, Bjerve KS, Nilsen H, Svalastog AG, Ek
J. Essential fatty acids in the nutrition of
severely neurologically disabled children.
British Journal of Nutrition 2000; 83(3):219-
25.

Harbige LS, Jones R, Jenkins R, Fitzgerald G,
Forti A, Budowski P. Nutritional management
in multiple sclerosis with reference to
experimental models. Ups J Med Sci Suppl
1990; 48:189-207.

Harel Z, Gascon G, Riggs S, Vaz R, Brown W,
Exil G. Supplementation with omega-3
polyunsaturated fatty acids in the management
of recurrent migraines in adolescents. Journal
of Adolescent Health 2002; 31(2):154-61.

Holman RT, Johnson SB, Kokmen E.
Deficiencies of polyunsaturated fatty acids and
replacement by nonessential fatty acids in
plasma lipids in multiple sclerosis. Proceedings
of the National Academy of Sciences of the
United States of America 1989; 86(12):4720-4.

Karlsson I, Alling C, Svennerholm L. Major
plasma lipids and their fatty acid composition
in multiple sclerosis and other neurological
diseases. Acta Neurologica Scandinavica 1971,
47(4):403-12.



18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

Kohlschutter A, Schade B, Blomer B, Hubner
C. Low erythrocyte plasmalogen and plasma
docosahexaenoic acid (DHA) in juvenile
neuronal ceroid-lipofuscinosis (JNCL). Journal
of Inherited Metabolic Disease 1993;
16(2):299-304.

Manzato E, della Rovere GR, Zambon S et al.
Cognitive functions are not affected by dietary
fatty acids in elderly subjects in the Pro.V.A.
study population. Aging-Clinical &
Experimental Research 2003; 15(1):83-6.

Martinez M. Abnormal profiles of
polyunsaturated fatty acids in the brain, liver,
kidney and retina of patients with peroxisomal
disorders. Brain Research 1992; 583(1-2):171-
82.

Martinez M. Polyunsaturated fatty acid
changes suggesting a new enzymatic defect in
Zellweger syndrome. Lipids 1989; 24(4):261-
5.

Martinez M. Polyunsaturated fatty acids in the
developing human brain, red cells and plasma:
influence of nutrition and peroxisomal disease.
World Review of Nutrition & Dietetics. 75:70-
8,1994 .

Martinez M. Restoring the DHA levels in the
brains of Zellweger patients. Journal of
Molecular Neuroscience 2001; 16(2-3):309-16;
discussion 317-21.

Martinez M. Severe deficiency of
docosahexaenoic acid in peroxisomal
disorders: a defect of delta 4 desaturation?
Neurology 1990; 40(8):1292-8.

Martinez M, Mougan |. Fatty acid composition
of brain glycerophospholipids in peroxisomal
disorders. Lipids 1999; 34(7):733-40.

Martinez M, Mougan I, Roig M, Ballabriga A.
Blood polyunsaturated fatty acids in patients
with peroxisomal disorders. A multicenter
study. Lipids 1994; 29(4):273-80.

Martinez M, Vazquez E, Garcia-Silva MT et
al. {Spanish} Revista De Neurologia. 28 Suppl
1:559-64, 1999 Jan .

86

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Martinez M, Vazquez E, Teresa Garcia Silva
M et al. Therapeutic effects of
docosahexaenoic acid ethyl ester in patients
with generalized peroxisomal disorders.
Highly Unsaturated Fatty Acids in Nutrition
and Disease Prevention. Proceedings of an
International Conference, Barcelona, Spain, 4-
6 November 1996. American-Journal-of-
Clinical-Nutrition. 2000, 71: Supplement 1,
376S-385S; 37 Ref.

Neu I. {German} Nervenarzt 1981; 52(2):100-
7.

Nightingale S, Woo E, Smith AD et al. Red
blood cell and adipose tissue fatty acids in mild
inactive multiple sclerosis. Acta Neurologica
Scandinavica 1990; 82(1):43-50.

Nourooz-Zadeh J, Liu EH, Yhlen B, Anggard
EE, Halliwell B. F4-isoprostanes as specific
marker of docosahexaenoic acid peroxidation
in Alzheimer's disease. Journal of
Neurochemistry 1999; 72(2):734-40.

Orlowski G, Brand R, Pohlau D. Nutrient
intake in patients with multiple sclerosis.
Aktuelle-Ernahrungsmedizin. 1995, 20: 4, 207-
214; 19 Ref.

Otsuka M. Analysis of dietary factors in
Alzheimer's disease: clinical use of nutritional
intervention for prevention and treatment of
dementia. {Japanese} Nippon Ronen lgakkai
Zasshi - Japanese Journal of Geriatrics 2000;
37(12):970-3.

Otsuka M, Yamaguchi K, Ueki A. Similarities
and differences between Alzheimer's disease
and vascular dementia from the viewpoint of
nutrition. Annals of the New York Academy of
Sciences. 977:155-61, 2002 Nov .

Pilitsis JG, Coplin WM, O'Regan MH et al.
Free fatty acids in cerebrospinal fluids from
patients with traumatic brain injury.
Neuroscience Letters 2003; 349(2):136-8.

Pradalier A, Bakouche P, Baudesson G et al.
Failure of omega-3 polyunsaturated fatty acids
in prevention of migraine: A double-blind
study versus placebo. Cephalalgia 2001;
21(8):818-22.

Prasad MR, Lovell MA, Yatin M, Dhillon H,
Markeshery WR. Regional membrane
phospholipid alterations in Alzheimer's
disease. Neurochemical Research 1998;
23(1):81-8.



38.

39.

40.

41.

Rosnowska M, Piesio B, Cendrowski W. 42.

Blood serum linoleic, linolenic and arachidonic
acids in patients with multiple sclerosis. Acta
Medica Polona 1979; 20(3):273-80.

Tully AM, Roche HM, Doyle R et al. Low
serum cholesteryl ester-docosahexaenoic acid

levels in Alzheimer's disease: a case-control 43.

study. British-Journal-of-Nutrition. 2003, 89:
4, 483-489; 44 Ref.

Vaddadi KS, Soosai E, Chiu E, Dingjan P. A

randomised, placebo-controlled, double blind 44,

study of treatment of Huntington's disease with
unsaturated fatty acids. Neuroreport 2002;
13(1):29-33.

Wagner W, Nootbaar-Wagner U. Prophylactic
treatment of migraine with gamma-linolenic
and alpha-linolenic acids. Cephalalgia 1997;
17(2):127-30; discussion 102.

87

Williams JH, O'Connell TC. Differential
relations between cognition and 15N isotopic
content of hair in elderly people with dementia
and controls. Journals of Gerontology Series
A-Biological Sciences & Medical Sciences
2002; 57(12):M797-802.

Wilson R, Tocher DR. Lipid and fatty acid
composition is altered in plaque tissue from
multiple sclerosis brain compared with normal
brain white matter. Lipids 1991; 26(1):9-15.

Yehuda S, Rabinovtz S, Carasso RL,
Mostofsky DI. Essential fatty acids preparation
(SR-3) improves Alzheimer's patients quality
of life. Int J Neurosci 1996; 87(3-4):141-9.



Acronyms

AA Arachidonic acid Mo Month
Ab Antibody MS Multiple sclerosis
AHRQ Agency for Healthcare Research and | n Number
Quality
Al Adequate intake n-3 Omega-3
ALA Alpha-linolenic acid n-6 Omega-6
AMDR Acceptable macronutrient distribution | NA Not applicable
ranges
ANCOVA Analysis of covariance NHANES The Third National Health and Nutrition
1l Examination
ANOVA Analysis of variance NCI National Cancer Institute
Ca Calcium NEI National Eye Institute
CCT Controlled clinical trial NEMC New England Medical Center
Cl Confidence interval NHANES National Health and Nutrition Examination
CP Cerebral palsy NHLBI National Heart, Lung and Blood Institute
CRP C-reactive protein NIAAA National Institute of Alcohol Abuse and
Alcoholism
CSFIlI Continuing Food Survey of Intakes by | NIAID National Institute of Allergy and Infectious
Individuals Diseases
d day NIAMS National Institute of Arthritis and
Musculoskeletal and Skin Diseases
DeD Delta-6 Desaturase NICHD National Institute of Child Health and Human
Development
DGLA Dihomo-gamma-linolenic acid NIDDK National Institute of Diabetes and Digestive
and Kidney Diseases
DHA Docosahexaenoic acid NIH National Institutes of Health
DPA Docosapentaenoic acid NINCDS National Institute of Neurological and
Criteria Communicative Disorders and Alzheimer's
Disease and Related Disorders Criteria
DRI Dietary Reference Intake NNH Number needed to harm
Ds-DNA Double-stranded DNA NR Not reported
EDSS Expanded Disability Status Scale ODS Office of Dietary Supplements
EF Effect size PG Prostaglandin
EFA Essential fatty acid PGD Prostaglandin-D
EPA Eicosapentaenoic acid PGE Prostaglandin-E
EPC Evidence-Based Practice Center PGF Prostaglandin-F
ESR Erythrocyte sedimentation rate PGL Prostaglandin-L
FNB Food and Nutrition Board PGH Prostaglandin-H
FFQ Food Frequency Questionnaire PUFA Polyunsaturated fatty acid
g grams QRF Quality review form
GLA Gamma-linolenic acid RCT Randomized controlled trial
HDL High density lipoprotein RDA Recommended daily allowances
RXT Randomized crossover trial
IL-1B Interleukin 1B Sd Standard deviation
IOM Institute of Medicine SCEPC Southern California Evidence-Based Practice
Center
LA Linoleic acid SEM Standard errors of the means
LC PUFA Long-chain polyunsaturated fatty acid | TEP Technical expert panel
LDL Low density lipoprotein TNF-a Tumor necrosis factor-a
MA Metaanalysis X Treatment
MANOVA Multivariable analysis of variance TXA Thromboxane-A
MeSH Term | Medical Subject Headings Term UCLA University of California, Los Angeles
mg/dl Milligrams per deciliter VLCFA Very long chain fatty acid
min Minutes VLN-3FA Very long chain n-3 fatty acids
wk Week
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Appendix A. Methologic Approach

Preliminary Research Questions

Table A.1.1. Preliminary research questions.

GENERAL QUESTIONS: Questions posed for all three participating EPCs, for years 1 and 2.

1.

What is the evidence that variable clinical effects may reflect differences in:

e  Serving size (fish vs. dietary supplement);

e Source (fish, food, plant) vs. dietary supplement (fish oil, plant oil);

« Specific type(s) of omega-3 fatty acids (docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA),
docosapentaenoic acid (DPA), and alpha-linolenic acid (ALA), fish, fish oil), or the ratio of omega-
6/omega-3 fatty acids used;

e Manufacturer (different purity, presence of other potentially active agents)?

What is the evidence for adverse events, side effects, or counter-indications associated with omega-3 fatty

acids (DHA, EPA, DPA, ALA, fish oil, fish)?

What is the evidence that omega-3 fatty acids are associated with adverse events in specific subpopulations

such as diabetics?

What are the mean and median intakes of DHA, EPA, DPA, ALA, fish, fish oil, omega-6, omega-6/omega-3

ratio in the US population?

What is the evidence that omega-3 fatty acids influence overall energy balance?

What is the evidence that accurate interpretation of the results of clinical studies is dependent on knowing

the absolute fatty acid content of the baseline data, the relative fatty acid content of the baseline diet, or the

tissue ratios of fatty acids (omega-6/omega-3) during the investigative period?

DISEASE-SPECIFIC QUESTIONS: questions posed to the SCEPC for Year 2 of the project:

Neurology:

1.
2.

What is the evidence that omega-3 fatty acids play a role in maintaining cognitive function with aging?
What is the evidence that the level of brain or retinal DHA levels affect the incidence of neurological
diseases?




Appendix A. Methologic Approach (continued)

Technical Expert Panel

The members of our technical expert panel are listed in Table A.2.1. We conducted our TEP
meetings via teleconference on December 18, 2003. Dr. Beth Collins-Sharp, the Task Order
Officer, and Jacqueline Besteman, Director of the Evidence-Based Practice Center Program,
represented AHRQ on these calls; Dr. Anne Thurn, Director of the Evidence-Based Review
Program, represented ODS; and Dr. Catherine MacLean, the Task Order Director, and Rena
Hasenfeld, the Project Manager, represented the SCEPC. The key comments and
recommendations of the TEP are summarized in Table A.2.2. The TEP continued to advise the
SCEPC throughout the project via mail, fax, e-mail, and phone calls.

Table A.2.1 Technical expert panel members.

Neurology

Name Area of Expertise Institution

QIbHerto Ascherio, M.D., M.P.H., Dr. Neurology Harvard Medical School
Neurological

Julie Conquer, M.S., Ph.D. University of Guelph

Disorders/Nutrition

William S. Harris, PhD Omega-3 Fatty Acids University of Missouri-Kansas City School of Medicine
Irwin Rosenberg, M.D. Nutrition/Aging Tufts University

Paul Sheehy, Ph.D. Neurology National Institute of Neurological Disorders and Stroke
Molly Wagster, Ph.D. Neurology/Aging Neuroscience and Neuropsychology of Aging Program
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Appendix A. Methologic Approach (continued)

Table A.2.2. Key TEP comments and recommendations.

Neurology

1. What is the evidence that omega-3 fatty acids play a role in maintaining cognitive function with aging?

e This question pertains to 1) both maintenance and gains in cognitive functioning with normal aging, and 2) the
prevention of dementia..

e The literature primarily includes studies on Alzheimers’ disease, but other forms of dementia are also of
interest..

e Normative data should be used to measure cognitive function.

« Focus on domains of cognitive function rather than specific tests. Domains of function include 1) general
memory, 2) working memory, and 3) executive function.

e Part B of the Trail Making Test and praxis components of the ADAS-Cog are scales that can be used to define
normal cognitive function.

e The following instruments can be used to screen for or assess cognitive function in dementia: the Folstein Mini
Mental Status Exam, the Alzheimer’s Disease Assessment Scale, the Modified Mini-Mental State Examination,
and the Telephone Interview of Cognitive Status.

e« Look at cognitive domains that are likely to change with aging: executive function, concentration,
perceptual/motor processing, verbal learning and memory, verbal and spatial working memory and semantic
memory.

e There is no single answer regarding the time frame within which an improvement or decline in cognitive function
would occur. Most studies range from 6 months to 1-2 years. To determine the impact of a treatment, you
would need to look at the impact over a period of years.

¢ To determine an effect over time, it may be necessary to look at large observational studies.

e« There is more likely to be data on decline over time than on improvement.

e For mild cognitive impairment where there is a significant problem with memory only, look for a change in the
conversion rate and at historical cohort studies.

e Look at whether omega-3 fatty acids are both preventing and staving the course of dementia.

¢ A new set of measurements was published two years ago to assess the rate of change. Do not restrict to these
criteria, however, since all of the data should be examined.

e« The minimum age limit to assess cognitive function with aging should be 50 years. Other neurological diseases
have earlier onset so the age limit should be 45 years for those diseases.
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Appendix A. Methologic Approach (continued)

Table A.2.2 (continued). Key TEP comments and recommendations.

Neurology

2. What is the evidence that the level of brain or retinal DHA levels affect the incidence of neurological
diseases?

« Do not restrict the review to studies that assess brain or retinal levels of DHA.

e Look at brain levels separate from blood levels

e  This question is marginal compared to Question #1 and could be limited.

e« The mechanisms that affect DHA levels are unknown.

e It would be helpful to have data on blood levels to show the link between dietary intake of omega-3 fatty acids
and blood levels.

e If astudy doesn'’t report blood levels, it should not be included.

e« The accuracy of dietary intake data is not as effective as blood levels, but dietary intake studies should not be
excluded.

e ltis critical to include information on studies that have negative results.

e For studies that compare supplements versus placebo, it is important to get information on dose effect.

e« The evidence available for dementia is disproportionate to other neurological diseases. Other diseases to
consider include Attention Deficit Disorder and non-verbal learning disabilities.

e  This question is not necessarily restricted to adults.

e Focus on the effects of omega-3 fatty acids on disease incidence rather than on the effects of omega-3 fatty
acids on prevalent disease, except for multiple sclerosis. For multiple sclerosis, the effects of omega-3 fatty
acids is of interest.

e Revise the key questions as follows:

o] What is the evidence that omega-3 fatty acids play a role in maintaining cognitive function in
normal aging?

o] What is the evidence that omega-3 fatty acids affect the incidence of dementia including
Alzheimer’s disease?

o] What is the evidence that omega-3 fatty acids are effective in the treatment of dementia including

Alzheimer’s disease?
What is the evidence that omega-3 fatty acids affect the incidence of neurological diseases?
What is the evidence that omega-3 fatty acids prevent the progression of multiple sclerosis?

[elNe]
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Appendix A. Methologic Approach (continued)

Industry Experts

Table A.3.1. Industry experts that were contacted for data about efficacy of omega-3 fatty acids.

Name

Affiliation

lan Newton

Roche Vitamins

Herb Woolf, PhD

BASF Corporation

Annette Dickinson

Council for Responsible Nutrition




Appendix A. Methologic Approach (continued)

Figure A.3.1. Letter sent to industry experts.
Date

Name
Address
City, State, Zip Code

Dear XXX,

I am writing on behalf of the Evidence Based Practice Centers at RAND, New England Medical
Center and the University of Ottawa. We are conducting a systematic review of the efficacy and
toxicity of omega-3 fatty acids in the prevention and treatment of a number of different
diseases/conditions. This review is being conducted under a contract from the Agency for
Healthcare Research and Quality (AHRQ).

We are contacting you to see if there is any evidence, including unpublished evidence, that you
want considered. Our focus is on clinical trials of omega-3 fatty acids in humans, so animal and
chemical studies are not necessary.

The specific questions that all the EPCs will address are detailed in the attachment to this letter.
Please contact me with any information that you might have.

Best regards,

Catherine MacLean, M.D., Ph.D.
RAND
1700 Main Street, M 23-C
Santa Monica, CA 90407-2138
Voice: 310 393-0411, x6364
Fax: 310-451-6930
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Appendix A. Methologic Approach (continued)

Search Strategies

Table A.4.1. Core search strategy.

. exp fatty acids, omega-3/

. fatty acids, essential/

. Dietary Fats, Unsaturated/

. linolenic acids/

. exp fish oils/

. (n 3 fatty acid$ or omega 3).tw.
. docosahexa?noic.tw,hw,rw.

. eicosapenta?noic.tw,hw,rw.

© 00 N o 0ok~ WNP

. alpha linolenic.tw,hw,rw.

10. (linolenate or cervonic or timnodonic).tw,hw,rw.
11. menhaden oil$.tw,hw,rw.

12. (mediterranean adj diet$).tw.

13. ((flax or flaxseed or flax seed or linseed or rape seed or rapeseed or canola or soy or soybean or walnut or
mustard seed) adj2 0il$).tw.
14. (walnut$ or butternut$ or soybean$ or pumpkin seed$).tw.

15. (fish adj2 oil$).tw.

16. (cod liver 0il$ or marine 0il$ or marine fat$).tw.

17. (salmon or mackerel or herring or tuna or halibut or seal or seaweed or anchov$).tw.
18. (fish consumption or fish intake or (fish adj2 diet$)).tw.

19. diet$ fatty acid$.tw.

20. or/1-19

21. dietary fats/

22. (randomized controlled trial or clinical trial or controlled clinical trial or evaluation studies or multicenter study).pt.
23. random$.tw.

24. exp clinical trials/ or evaluation studies/

25. follow-up studies/ or prospective studies/

26. or/22-25

27.21 and 26

28. (Ropufa or MaxEPA or Omacor or Efamed or ResQ or Epagis or Almarin or Coromega).tw.
29. (omega 3 or n 3).mp.

30. (polyunsaturated fat$ or pufa or dha or epa or long chain or longchain or Ic$).mp.

31. 29 and 30

32.20 or 27 or 28 or 31




Appendix A. Methologic Approach (continued)

Table A.4.2. Literature searches by disease category.

Neurology

OO ~NOOUITDWN P

10
11
12
13

. exp fatty acids, omega-3/

. fatty acids, essential/

. Dietary Fats, Unsaturated/

. linolenic acids/

. exp fish oils/

. (n 3 fatty acid$ or omega 3).tw.
. docosahexa?noic.tw,hw,rw.

. eicosapenta?noic.tw,hw,rw.

. alpha linolenic.tw,hw,rw.

. (linolenate or cervonic or timnodonic).tw,hw,rw.

. menhaden oil$.tw,hw,rw.

. (mediterranean adj diet$).tw.

. ((flax or flaxseed or flax seed or linseed or rape seed or rapeseed or canola or soy or soybean or walnut or

mustard seed) adj2 0il$).tw.

14
15
16
17
18

19.
20.

21

22.
23.

24

25.
26.
27.
28.

29

30.
31.
32.
33.
34.
35.
36.

37

38.
39.
40.
41.
42.
43.
44.

45

46.
47.
48.
49.
50.
51.
52.

53

. (walnut$ or butternut$ or soybean$ or pumpkin seed$).tw.
. (fish adj2 oil$).tw.

. (cod liver oil$ or marine oil$ or marine fat$).tw.

. (salmon or mackerel or herring or tuna or halibut or seal or seaweed or anchov$).tw.
. (fish consumption or fish intake or (fish adj2 diet$)).tw.
diet$ fatty acid$.tw.

or/1-19

. dietary fats/

(randomized controlled trial or clinical trial or controlled clinical trial or evaluation studies or multicenter study).pt.
random$.tw.

. exp clinical trials/ or evaluation studies/

follow-up studies/ or prospective studies/

or/22-25

21 and 26

exp Aging/

. Aged/

(aging or aged or geriatric$).tw.

or/28-30

27 and 31

limit 27 to "all aged <65 and over>"

320r33

exp Nervous System Diseases/

Alzheimer Disease/

. exp Dementia/

parkinson disease/ or Parkinson disease, secondary/
parkinson disease/ or Parkinson disease, secondary/

exp Multiple Sclerosis/

exp Guillain-Barre Syndrome/

(alzheimer or parkinson or dementia or multiple sclerosis or guillain barre).tw.
(neurological disease$ or neurological disorder$).tw.
(neurological disease$ or neurological disorder$).tw.

. exp Optic Nerve Diseases/

(myopathy or neuropathy).tw.

Cognition Disorders/

exp Cognition/

(cognition or cognitive).tw.

0r/35-49

27 and 50

exp fatty acids, omega-3/

. fatty acids, essential/




Appendix A. Methologic Approach (continued)

Table A.4.2 (continued). Literature searches by disease category.

Neurology

54. Dietary Fats, Unsaturated/

55. linolenic acids/

56. exp fish oils/

57. (n 3 fatty acid$ or omega 3).tw.

58. docosahexa?noic.tw,hw,rw.

59. eicosapenta?noic.tw,hw,rw.

60. alpha linolenic.tw,hw,rw.

61. (linolenate or cervonic or timnodonic).tw,hw,rw.

62. menhaden oil$.tw,hw,rw.

63. (mediterranean adj diet$).tw.

64. ((flax or flaxseed or flax seed or linseed or rape seed or rapeseed or canola or soy or soybean or walnut or
mustard seed) adj2 oil$).tw.

65. (walnut$ or butternut$ or soybean$ or pumpkin seed$).tw.

66. (fish adj2 0il$).tw.

67. (cod liver oil$ or marine oil$ or marine fat$).tw.

68. (salmon or mackerel or herring or tuna or halibut or seal or seaweed or anchov$).tw.
69. (fish consumption or fish intake or (fish adj2 diet$)).tw.

70. diet$ fatty acid$.tw.

71. or/52-70

72. dietary fats/

73. (randomized controlled trial or clinical trial or controlled clinical trial or evaluation studies or multicenter study).pt.
74. random$.tw.

75. exp clinical trials/ or evaluation studies/

76. follow-up studies/ or prospective studies/

77.0r/73-76

78.72 and 77

79. (Ropufa or MaxEPA or Omacor or Efamed or ResQ or Epagis or Almarin or Coromega).tw.
80. (omega 3 or n 3).mp.

81. (polyunsaturated fat$ or pufa or dha or epa or long chain or longchain or Ic$).mp.
82. 80 and 81

83.71or 78 or 79 or 82

84. 83 and 50

85. 84 not 51

86. 83 and 31

87. 86 not 34

88. limit 87 to "all aged <65 and over>"




Appendix A. Methologic Approach (continued)

Inclusion/Exclusion Criteria

Table A.5.1. Inclusion/Exclusion Criteria at Screening Stage for Neurology.*

Assessed the effect of omega-3 fatty acids on neurology

Presented research on human subjects

Reported the results of randomized or controlled clinical trials or controlled clinical trials or case-control trials or case series
or prospective cohort studiest

Exclusion criteria: cross-sectional studies, case reports

* Language was not a barrier to inclusion; T We defined a randomized controlled trial (RCT) as one in which the participants were
assigned to one of two (or more) study groups using a process of random allocation (e.g., random number generation, coin flips); we
defined a controlled clinical trial (CCT) as one in which participants were either: (1) assigned to one of two (or more) study groups using
a quasi-random allocation method (e.g., alternation, date of birth, patient identifier), or (2) possibly assigned to one of two (or more)
study groups using a process of random or quasi-random allocation.
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Appendix A.

Methologic Approach (continued)

Evidence Grading System

Table A.6.1. Summary Score for Methodologic Quality.

Summary Score Jadad Score Concealment of Allocation
A 5 Performed
5 Not performed, or
Not reported
B Performed,
3or4 Not performed, or
Not reported
0,1,or2 Performed
C 0,1,0r2 Not performed or not reported

Even though a study may focus on a specific target population, limited study size,
eligibility criteria and patient recruitment process may result in a narrow population
sample that is of limited applicability, even to the target population. To capture this
parameter, we categorize studies into the applicability scale described in Table A.6.1.

Table A.6.2 Applicability ratings.

Applicabi

lity

Health state

Sample is representative of the U.S. population.

A General population. Typical healthy
people similar to Americans without
known neurological
diseases/conditions.

Sample is representative of a relevant sub-group of the
target population, but not the entire population. For
example, a study that is restricted to women or a fish oll
study in Japan where the background diet is very
different from that of the US would fall into this
category.

B Diseased population. Subjects with
neurological disease/condition.

Sample is representative of a narrow subgroup of
subjects only, and not well applicable to other
subgroups. For example, a study of oldest old men or a
study of a population on highly controlled diet.
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Appendix A. Methologic Approach (continued)

Figure A.6.1 Jadad score of methodologic quality.*

Was the study described as Was there a description of Was the study double-blind?
randomized? withdrawals and dropouts?
Yes = add No=0 Yes = add No=0 Yes = add No=0
1 point points 1 point points 1 point points

A 4

A 4

If method of randomization

If method of blinding
described, was it appropriate?

described, was it appropriate?

K AW Y AW

Yes = add No = deduct 1 Yes = add

No = deduct
1 point point 1 point

1 point

* Jadad A, Moore A, Carrol D, et al. Assessing the quality of reports of randomized clinical trials: Is blinding
necessary? Control Clin Trials. 1996;17:1-12.
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Appendix A. Methologic Approach (continued)

External Peer Reviewers

Table A.7.1. Peer Reviewers.

Peer Reviewer Area of Expertise Affiliation

Judith Ashley, Ph.D., M.S.P.H., R.D. Nutrition University of Nevada, Reno

Mona Baumgarten, Ph.D. Epidemiology University of Maryland

Graham Colditz, M.D., DR.P.H. Neurology Harvard

David Heber, M.D., Ph.D. Nutrition UCLA

Martha Clare Morris, Sc.D. Neurology Rush Institute for Healthy Aging

Lon Schneider, M.D. Geriatric Psychiatry/ University of Southern California
Clinical Neuroscience

Philip A. Wolf, M.D. Neurology Boston University

Christina Wolfson Ph.D. Neurology McGill University
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Appendix B. Coding/Data Abstraction Forms

B.1 Literature Screener Form.

Article ID

2. Author:
Title:

Cite:
3. Reviewer:

4. Research Topic: (circle one)
Omega 3 or Synonymous tOPIC ......ccerverueeereeeeerueneneens 1
Unclear, no English abstract...........ccccoeeveveirenenennnne. 8
(If unclear, skip to question 10 on language)
None of the aboVe.......cceeeeieiieiiieieeieeee e, 9 (STOP)

5. Condition(s)/Subject(s) studied: (check all that apply)
. CANCET ettt O

. Cognitive function (>=45) ....

. Neurological disease .........ccevvervevrereenennene

None of the above..........coceveveieirininineeeeeeee

6. Study population:
Human ...
ANIMAL ..o

(circle one)
Descriptive (historical, editorial, €tc.) ......ccccevvercierereenenne. 1 (STOP)

7. Study design:

Review/meta-analysis 2 (STOP)

Randomized clinical trial ... 3
Controlled clinical trial (quasi-randomization) .................. 4
Non-randomized clinical trial ...........c..cccoeevvieeiiieiiiieenens 5

Cohort/Case CONLIOl .......ccoeeiirinieieieieeseeeececee e 6

Case SEries (Z 10) wiviiviieieiecieieeeeeee e 7

Case 1eport (> 10) cveeieiiiieieeieeeteeeeetee e 8 (STOP)
Other (specify: ) et 9 (STOP)
8. Type of disease: (check all that apply)
CANCER:

Skin o

Oral cavity and pharynX.........cccceceeeneneneneinineseeeene |
COolOTECtal. ... |

Other gastrointestinal ...

Lung and bronchus...........coceverieniniieninienieieeceeee m]

Other reSPIratory ......c..coevveeeirererienieieeeieeene e o

Bone and soft tissue

Female genital.........cccoovveierienieieeieiececieseee e o
Urinary system
Lymphoma........ccccooieiiniiniiniiiiieicceeececeeeeee
LEUKEMIA ...t O
Pre-CancCerous........ooooiiiiiiii i O
Other CANCET .......cviiviieeieecieeere et O

Reviewers: Assigned on:
NEURO: (check all that apply)
Amyotrophic lateral sclerosis (ALS) ......ccccevevevirieninenne O
Dementia: Alzheimer’s DiS€ase........cccceovrverereeneececnenenn O
Dementia: Multi-Infarct.........c.ccooooeiiiiiiiniee O
Dementia: Vascular........c..cocooeveieoneninineneeceenceene O
Dementia: NOS......ccooiiiiiniieieeeeeeeere e O
EPILEPSY evevveeiieiieeieieeeee ettt O
Guillain-Barré Syndrome..........c.ccceevevenerineneiecnicnennenn. o
Huntington’s DiSEase.........ccecevverienieienienieieeiese e o
Multiple SCIETOSIS ...c.evveuerieriinieieicieeeereseseee e O
Neuromyelitis optica (Devic’s syndrome) ..........cc.ccceeueee |
OPLIC NEUTTLIS. ...eveenieiieiierieeiieieeitee et |
Parkinson’s DiSase .........ceceverieniinienieneenienieieseeee e |
Peroxisomal Biogenesis Disorders/Leukodystrophies ....... O

(Zellweger Syndrome, Metachromatic Leukodystrophy, Alexander
Disease, Infantile Refsum Disease)

Other NEUTO .....vveeeveeiieetecetee ettt e e m|

9. Does the study describe the effects of Omega-3 FA on:
CANCER:

Cancer INCIAENCE .........cc.eeeeiereeeee e O
TUMOT GOWLH ..o m]
Tumor differentiation.............coceeeeeieiieiieeiiiiee e O
Apoptosis ...O
Chemotherapy .......cceeeeiererieniieiereeieie et o
Mortality/Survival.......c.cceecveveriesienieieseeiese e o
Other cancer OULCOMES.........ccveeeveeerreeereeereeereeeereeeeeeereeennns O
NEURO:

Incidence of neuro disease

Outcomes of neuro disease ....

Cognitive fUNCHION ...cc.eeverieiiiiieiieieteeeee e
NONE OF THE ABOVE .....cvviivieiueeeteeeeeeereeeeeeeteeeveeeseeeseans O

10. Language of article:

ENglish..c.oooiiiiiiieieeceeeeeee e 1
GOIMNAN ...ttt ettt eeaaee e naaeas 2
FIenCh..coviieiiceceeee e 3
TRAIAN .. 4
Danish........oooiiiiii e 5
RUSSIAN. ....coviiiiiiciiccee e 6
SPaANISh.....coiviiiiiiii e 7
Other (specity: ) TR 8

11. Do you think this article might be a duplicate or include the same
data as another study?
INO e 1

If yes, which one(s)?
(enter article ID, author, or 9999 for “don’t know.”)
12. Is there a reference that needs to be checked?

If yes, which one(s)?
(enter article ID, author, or 9999 for “don’t know.”)
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Notes:




B.2 Quality Review Form.

Article ID: Reviewer:
First Author:
(Last Name Only)
Study Number: _ of Description:
(Enter ‘1of 1’ if only one) (if more than one study)
1. Design: (CIRCLE ONE)
RCT e 1
RXT e 2
CCT et 3
CONOIt e 4
Case control (STOP if Cancer) .........ccceeeeeeuveeeennne. 5
Case series > 10 (STOP if Cancer) ......ccoveeeveenneen. 6
Other deSign .....cccevvieeiiieiieieeieee e 7 (stop)
2. Isthere a difference in Omega-3 content between arms:
(CIRCLE ONE)
Y S ettt e e 1
Not applicable (Case control & case series) ....... 2
N Ot 3 (sToP)
UNCIEAT ...t aaaeaaaaaes 8 (sToP)
3. Is Omega-3 measured in any of the following ways?
(CIRCLE ONE)

Daet..eeieiiiee e 1
TISSUE e 2
Diet and TiSSUE ......coevvveeeeeiriieeeeieeee e eeieee e 3
None of the above .......c.ooiieiiiiiiiiiiiiceeee, 4

4. If the study reports on cognitive function, is the age of the
population 45 or older?

(CIRCLE ONE)
Y S e 1
Study not on cognitive function..............ceeeuee. 2
N OO 3 (stop)
UNCLEAT ......cuvviieeeeeeeeeee e 8 (sTOP)

IF THE STUDY DESIGN IS COHORT, CASE CONTROL, OR CASE
SERIES PLEASE SKIP TO QUESTION 12.

5. Is the study described as randomized? (CIRCLE ONE)
Y €S ettt 1
IN Ottt 2
6. If the study was randomized, was method of randomization
appropriate? (CIRCLE ONE)
Y €S ettt s 1
N0 2
Method not described...........cccoeeeiieiiiiiiiicieeeiees 8
Not applicable (not randomized)..........ccceceereennennee. 9
7. Is the study described as: (CIRCLE ONE)
Double blind.........cccvevierieriiniieieeeeeee e 1
Single blind, patient ..........ccocceveeriieeireieeceeeeeene, 2
Single blind, outcome assessment ................cveeueen. 3
L0315 1 BT TRP 4
Blinding not described ...........ccoecveiieniiniiiiieieee 8
Not applicable .......cocoeviiiiiiiinieiiieeeeeee 9
8. Ifreported, was the method of double blinding
appropriate? (CIRCLE ONE)
Y €S ettt 1
IN Ottt 2
Double blinding method not described .................... 8
Not applicable ........cceeverierienieiieeie e, 9
9. If study was randomized, did the method of randomization provide
for concealment of allocation? (CIRCLE ONE)
S ittt e e 1
IN Ottt 2
Concealment not described..........ccoecueevieeiiineenicnne. 8
Not applicable (not randomized)...........cccceeeveveennnen. 9
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10. Are withdrawals (W) and dropouts (D) described? (circLe one)

Yes, reason described forall Wand D ..................... 1
Yes, reason described for some W and D................ 2
Not described ......c..oooeevviiiiiiiiiieeiieeeeeee e, 8
Not applicable .......ccccccveeiierieniieieeieeeeeie e, 9

11. If the design is crossover, please note the duration of the
following periods:

Please enter the number and code in the appropriate box.
Period Number Unit Units

X-Over 1. Hour

2. Day

3. Week
Run-In 4. Month

5. Year

8. ND
Wash-Out 9.NA

12. Does the study population represent any of the following

characteristics? (CHECK ALL THAT APPLY)
Healthy Diseased
Typical people......ccoeevvevreereerenreennennn. I D a
Atypical people .......ccceeveveveinreennnnn. I D a
(in terms of diet, SES, other factors)
Narrow, atypical people.................... I D d
(including highly controlled diet)
Cannot categorize........ocevvvevererrerennnns I D 4

(incomplete data)

13. What was the study’s funding source?

(CHECK ALL THAT APPLY)
GOVEIMMENT.....ocoiviiiiiiiciieeee e a
HoSPItal ....c.ooviiieieiiciecceee e Q
INAUSETY coeeeieeeeee e a
Private (non-industry) .........cccoeveevevreereeeenreeneenn Q
UNCIEAT ..o a
Not described .....ooovvvivioiiiiiiiiiiiieeeeeeeeee, Q
Other (code(s): )....d

14. What was the number of sites involved in the study?
(Enter number or 99 if not reported)

15. In what country was the study conducted? (CHECK ALL THAT APPLY)
AUSEEALIA ... Q
DENMATK.......iitiieieiieeieiieiieere et Q
GEIMANY ....ccvvivieeieiietiete st eetetesteeaere e essesbeeseessesseessesseeseensas Q
TEALY et a
JAPAN (oo e a
NEtherlands ..........ccveieirireneeeeeeeee e Q
RUSSIA ..ttt ettt et eve e et et eae e a
UK ottt ettt ene s Q
U ettt eneene s Q
Other (enter COde) .....cvovviiieieriiiieieeieeiereee e a
NOt SPECITICA ..o a
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16. What was the racial/ethnic population studied?

(Check all that apply)
CaAUCASIAN .ot e e (|
African ANCestry.....ccoovvvveevevieeerienreenenn a
HiSpanic .......cccoveeeeevieeieiiseeececeeeenne. a
ASTAI e (|
Native AMEriCan .......ccccveevevveeeeeveeeenne.. a
EsKimo/INtuit «...veeeeeeeeeeeeeeeeeeeeeeeee a
Other (enter code): .....covvvvevreeeeveenreennennn. a
9 b
Not described .....ueeeeeeeeeeeeeeieeeeeeeeene. (|

17. What was the percent of male participants?
(Enter number or 999)

%

18. What was reported for the following questions regarding
subjects ages? (Enter number 99 for not reported)

19. What were the study’s inclusion criteria?

(Enter code or 99 if NR)
Enter code: , , )
b b 9

20. What were the study’s exclusion criteria?
(Enter code or 99 if NR)

Enter code: , 5

b

21. Was a validated dietary assessment method described?

(CIRCLE ONE)
Y S e 1
N OO 2
Not deSCribed ......ouvvvvviiiiiiiiiiiiieiiieeeeeee e 8
Not applicable ........covevvierieriiriieiieeeeeree e 9

22. Was the omega 3 fatty acid content described in the baseline diet?

(CIRCLE ONE)

Yes (please answer Q23)...cc.cevieeiercieeciienieeieeneeeneeesenesneeneens 1
No (please SKIP Q23)..cccuiiiiiiiieieeieeieeieeieereee et 2
Not applicable (not RCT or CCT, SKIP Q23).....ccccccvvennenne 9

23. If the omega 3 content was described in the baseline diet,
please specify the quantification:

(Example: Fish 8 grams per week, please use codes for source and units.)

Source Number Source Unit Time Unit
(code) (Enter #) (code) (code)

Source Units Time Units

1. grams 6. tabs 1. hour 5. year

2.0z 7. ml 2. day 6. ND

3. mg 8. other 3. week

4. servings 9. ND 4. month

5. caps
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Interventions (for all study designs)

24. Enter sample size and intervention/exposure data for each arm beginning with placebo or control, then in order of first mention.
For observational studies answer only columns denoted with asterisks (*):
Arm/ % * Total Dose Units Frequency [ Isomega 3 . * Units * Co-intervention(s) or
Group Sample size Components quantified? Duration of (©)
treatment Co-exposure(s)
1 P Total O3 ........ d
ALA.............. a
PY 0
CNTRL N ENTERING DHA oo
— — — EPA ... a —
CASES DPA.. a
Not Reported . a
N COMPLETING Not Applicable Q
2 P
PY
CNTRL N ENTERING
CASES
N COMPLETING
Not Reported . a
Not Applicable a
3 P Total O3 ........ d
PY
CNTRL N ENTERING
CASES
N COMPLETING
Not Reported . a
Not Applicable a
4 P Total O3 ........ d
PY
CNTRL N ENTERING
CASES
N COMPLETING
Not Reported. a
Not Applicable a
Enter a number for N entering and N completing Enter code(s) Enter # or Enter a Enter a number Enter a number Enter a number Enter a Enter code(s)
or enter 9999 if not reported. number 1.Hour 1.Yes 997. Variable number
997. Variable l.g 2.Day 2.No 998. ND 1.Hour Bioactive markers begin at code 100.
If observational study, circle appropriate unit of 999. Not reported 2. mg 3.Week 8.ND 999. NA 2.Day
measurement: 3.0z 4.Month 9.NA 3.Week
P Persons 4. keal 5.Year 4.Month
PY People years 8.ND 5.Year
CNTRL Control 9. NA 8.ND
CASES  Cases 9. NA
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Interventions (continued)
24. See instructions on previous page.

Duration of *

Co-intervention(s) or

Arm/ % * Isomega 3
Group Sample size Components Total Dose Units | Frequency quantified? treatment Units * Co-exposure(s)
5 |p Total 03 ....... 0
PY ALA. oo a
CNTRL N ENTERING DHA oo, 4
EPA ...cooovrn a
CASES 0
N COMPLETING DPA coovvrrersnn
Not Reported. a
Not Applicable a
6 P Total O3 ........ a
PY NV N d
CNTRL N ENTERING DHA ..cooo.. a
< EPA ...coovrrne a
CASES DPA ..oooccne a
N COMPLETING
Not Reported . a
Not Applicable a
7 |p Total O3 ........ 4
PY ALA............... a
CNTRL N ENTERING DHA ... a
EPA ...coovrrne a
CASES DPA ....oovrrne a
N COMPLETING Not Reported.. D
Not Applicable a
8 P Total O3 ....... Q
PY ALA.............. a
CNTRL N ENTERING DHA ............. d
EPA ...cooovrn a
CASES DPA.....cooorn. a
N COMPLETING
Not Reported. a
Not Applicable a
Enter a number for N entering and N completing Enter code(s) Enter # or Enter a Enter a number Enter a number Enter a number Enter a Enter code(s)
or enter 9999 if not reported. number 1.Hour 1.Yes 997. Variable number
997. Variable l.g 2.Day 2.No 998. ND 1.Hour Bioactive markers begin at code 100.
If observational study, circle appropriate unit of 999. Not reported 2. mg 3.Week 8.ND 999. NA 2.Day
measurement: 3.0z 4.Month 9NA 3.Week
P Persons 4. keal 5.Year 4.Month
PY People years 8.ND 5.Year
CNTRL  Control 9. NA 8.ND
CASES _ Cases 9. NA




Interventions (continued)
24. See instructions on previous page.

Duration of *

Co-intervention(s) or

Arm/ % * Isomega 3
Group Sample size Components Total Dose Units | Frequency quantified? treatment Units * Co-exposure(s)
9 P
PY
CNTRL N ENTERING
CASES Not Reported . 1
N COMPLETING Not Applicable (1
10 |p Total 03 .......
PY ALA ..o Q
CNTRL N ENTERING DHA ............. d
EPA ...oooorrnne a
DPA...ooocc.... d
CASES Not Reported . a
N COMPLETING Not Applicable D
11 |,
Total 03 ....... d
PY 0
CNTRL N ENTERING ALA- oo
DHA ............. d
EPA ...coovrrne a
CASES DPA ...coovvrne a
Not Reported . a
N COMPLETING
Not Applicable Q
12 [,
PY
CNTRL N ENTERING
CASES Not Reported. a
N COMPLETING Not Applicable [
Enter a number for N entering and N completing Enter code(s) Enter # or Enter a Enter a number Enter a number Enter a number Enter a Enter code(s)
or enter 9999 if not reported. number 1.Hour 1.Yes 997. Variable number
997. Variable l.g 2.Day 2.No 998. ND 1.Hour Bioactive markers begin at code 100.
If observational study, circle appropriate unit of 999. Not reported 2. mg 3.Week 8.ND 999. NA 2.Day
measurement: 3.0z 4.Month 9INA 3.Week
P Persons 4. keal 5.Year 4.Month
PY People years 8.ND 5.Year
CNTRL _Control 9. NA 8.ND
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CASES  Cases

9. NA

Case report /Case series/Cohort specific questions

Instructions: For case report, case series, and cohort studies ONLY,
please fill out this page (Q25-Q29), otherwise SKIP to Q30.

25. Were case controls identified from any of the following

locations:
(CHECK ALL THAT APPLY)

(0703131101011 1 USSP
HOSPItal....oeeeieeieeieceeeece e
Health care system (non-hospital).......................
Nursing home.......c.coeevveveiieeeieenieeee e
Not described .......ccceeveeviiiiiiiiiiieeeeeee, O
Not Applicable (cohort studies) ..........cccveereveennee. O

26. Was there blinded assessment of the following:

(CIRCLE ONE FOR EACH ROW)

YES No N/A

Eligibility of cases and controls/

Or exposed vs. unexposed.........cccecueeveeereeenen. 1 ... 2. 3
Assessment 0f OULCOME.........c.eevueereeeneenieniieieeieene 1 ... 2 3
Assessment 0f EXPOSUIEC.......ccuveveerveerverreereereeieenns I ... 2 3
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27. In the analysis, was any attempt made to adjust for known
confounders, not included in matching?

(CIRCLE ONE)
Y S e 1
N e 2

28. Were cases and controls matched by any of the following

characteristics?
(CHECK ALL THAT APPLY)

AR s O

SEX ettt O
Underlying neurological disease.............cceeeveennenne 0

Cognitive function .........cceceveeeeieeenieerieeeciee e O
Educational level...........ccccoeeciiiviiiniiecieeciee e, O

Other characteristiCS.......ouvviviiiiiiiiiiiiiiiiiiiiiiiiieeee, O

Not matched.........ccoeeviiieciiiiiceeeecee e, O
Not applicable........ccoecveeieriierieriereecee e O




29. Was ascertainment of cases valid?

(CIRCLE ONE)




Appendix B. Coding/Data Abstraction Forms

Outcomes Evaluation
30. Please enter the type of outcomes measured. 32. When. relative to the start of the
For case series, case report, or cohort enter the ' ’

intervention or exposure, were outcomes
outcome that defines the study:

reported?
E)TZZCC}? de Enter code(s) for each set of adjustments made
outcome for each outcome measured.: (Enter the number/code in the appropriate box)
measured: (Please separate with commas) Number Unit

1* follow-up

2" follow-up

3" follow-up

4™ follow-up

5™ follow-up

6™ follow-up

Additional
follow-ups
Units
1. Hour 5. Year
2. Day 8. ND
3. Week 9. NA
4. Month 997. Variable

33. What was the total duration of the

study?
31. Overall, was a validated method used for
ascertainment of clinical outcomes? (Number) (Units: use codes from above)
(CIRCLE ONE)
Y S ettt 1
N O e e 2
Not applicable.......ccccovevievieecieriereeie e 9
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Adverse Events
34. Were any of the following adverse events

mentioned?
(Check all that apply)
Clinical bleeding............ccceeeveriecieneeieeeeeenene a
Dermatological ..........cccooveveeiiiveecieereceeeere e a
DiIarThea ....cooveveiiieceiecee e a
GI complaint or NAUSEa ..........ccceeveeereereereennnnns a
Headaches.......coovvivuiiiiiiicieeeeeeeeeeeeeeee e a
Withdrawal due to adverse event ...................... a
Other adverse events ..........ccoeveeeeevveeeeeineeeeennnen. a
NO AdVEISE EVENLS. ....ccvveiieeieiciiieeeeeeee e a
Not described........cooovviiiiiiviiiiiiiiieeeeeeeeeeen a
Not applicable........coccveevieiecieriieieieiieeiesie e, Q

For CANCER studies only, answer Q35-37.
If not a cancer study then SKIP.

35. Is the state of the immune system described?

(CIRCLE ONE)
Y S ittt 1
INO et 2

36. Are the effects of omega 3 fatty acids on the
outcomes of any of the following reported?
(Check all that apply)

CaNCET SUTZETY ..vvivieereniiieieienreeeeereereeeeeseseeesnenns Q
Chemotherapy .......oocceevevveeierierieieneeeeeee e a
RAdIation ......cccoeevirieieieieieceee e Q
None of the above........cccovvveieriiiieciiiicieieeenen, Q

37. Does the study describe genes involved in
omega 3 fatty acid transport or metabolism?

(CIRCLE ONE)
Y S ittt 1
INO et 2






Appendix C. Evidence Tables

Table C.1.1.Part A. Evidence table of the effects of omega-3 fatty acids on cognitive function and dementia in cohort studies.*

First Author, Disease Applicability

Year Study Characteristics Duration Eligibility criteria . Funding source
Ascertainment .

Cohort Quality

Barberger-Gateau,
2002°!

PAQUID
(Personnes Agées
QUID) Study

Sample size (people/person
years): 1,416/NR

Age (mean/range): NR/68-99
Race: NR

% male: NR

# sites: 1

Location: France

Duration: 7 years

Inclusion: Age =
68/Normal
cognition/Living at
home

Exclusion: Dementia

Disease: Dementia

Ascertainment:
MMSE; neurological
exam

Applicability: 11
Funding source: Industry and
private
Quality:
Adjustment for confounders: Y
Blinding of exposure/outcome:
N
Valid ascertainment of
outcome: Y
Valid ascertainment of
exposure: NR
Exposure before outcome: Y
Selection bias: N
Description of withdrawals and
dropouts: Y

Kalmijn, 1997
Zutphen Elderly
Study

Sample size (people/person
years): 818/NR

Age (mean/range): NR/69-89
Race: NR

% male: 100

# sites: 1

Location: Netherlands

Duration: 3 years

Inclusion: NR

Exclusion: NR

Disease: cognitive
function, normal
aging and incidence
of dementia

Ascertainment:
Clinical exam;
MMSE

Applicability: 11
Funding source: Government
Quality:
Adjustment for confounders: Y
Blinding of exposure/outcome:
N
Valid ascertainment of
outcome: Y
Valid ascertainment of
exposure: Y
Exposure before outcome: Y
Selection bias: N
Description of withdrawals and
dropouts: Y

*NR = not reported.
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Appendix C. Evidence Tables (continued)

Table C.1.1.Part A

continued). Evidence table of the effects of omega-3 fatty acids on cognitive function and dementia in cohort studies.*

First Author, Disease Applicability

Year Study Characteristics Duration Eligibility criteria . Funding source
Ascertainment .

Cohort Quality

Kalmijn, 1997 Sample size (people/person Duration: 2.1 years Inclusion: Residents | Disease: Dementia Applicability: 1T

Rotterdam Cohort | years): 5,386/NR of a suburb in Funding source: Government

Age (mean/range): 67.7/NR
Race: NR

% male: 41

# sites: 1

Location: Netherlands

Rotterdam, age > 55

Exclusion:
Cambridge Mental
Disorders of the
Elderly Examination
(CAMDEX) score
below 80; illogical
answers to food
pattern questionnaire

Ascertainment:
Medical records or
medical examination

Quality:
Adjustment for confounders: Y
Blinding of exposure/outcome:
NR
Valid ascertainment of
outcome: Y
Valid ascertainment of
exposure: Y
Exposure before outcome: Y
Selection bias: N
Description of withdrawals and
dropouts: Y

Morris, 2003
Chicago Health
and Aging Project

Sample size (people/person
years): 815/NR

Age (mean/range): 73/NR
Race: Caucasian and Black
% male: 39

# sites: 1

Location: U.S.

Duration: 3.9 years

Inclusion: Normal
cognition

Exclusion: NR

Disease: Alzheimer's
disease

Ascertainment:
NINCDS criteria,
neurological exam

Applicability: I
Funding source: Government
Quality:
Adjustment for confounders: Y
Blinding of exposure/outcome:
Y
Valid ascertainment of
outcome: Y
Valid ascertainment of
exposure: Y
Exposure before outcome: Y
Selection bias: N
Description of withdrawals and
dropouts: Y

*NR = not reported.
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Appendix C. Evidence Tables (continued)

Table C.1.1.Part B. Evidence table of the effects of omega-3 fatty acids on cognitive function and dementiain
cohort studies by category of omega-3 consumption.*

Study arm Estimates of effect
Author, Year [Type of (quartile, Amount by ] . .
Cohort dementia quintile or Total n category Age adjusted RR Multivariable RR Mu_ItlvarlabIe
dose group) (95% CI) (95% CI) Adjustors
FISH
Barberger- Dementia 1 NR NR 1.0 1.0
Gateau,
2002%! 2 1122 ateé‘f‘“ oneea 1 g66t  (0.47-0.93) | 073t (0.52-1.03)
PAQUID — Age, sex
Alzh VT
(Personnes disZeaZtemer s NR NR 1.0 NR education
Agées QUID) 2 1122 | Atleastoncea | cor 47101y | NR
Study week
Total 1122
Kaln16i7jn, Total 1807 <3 g/day NR 1.0
1997 dementia
Rotterdam 1773 3.0-18.5 g/day | NR 0.8 (0.4-1.4)
Study 1806 > 18.5 g/day NR 0.4 (0.2-0.9)
p=0.03%
Alzheimer’s | | 1807 <3 g/day NR 1.0 A
disecase ge, sex,
without 2 1773 3.0-18.5 g/day | NR 09 (04-1.8) education,
vascular 3 1806 > 18.5 g/day NR 0.3 (0.1-0.9) 'Fotal energy
component p=0.005% intake.
Dementia
1 1 < R 1.
with a 807 <3 g/day N 0
vascular 2 1773 3.0-18.5 g/day | NR 0.6 (0.2-2.5)
component | 3 1806 > 18.5 g/day NR 0.7 (0.2-2.8)
Total 5386 p=0.391
Morris, Alzheimer’s | 1 121 never 1.0 1.0 Age, sex,
2003% disease 13 race,
Chicago 2 250 servings/month | 0.7 (03-1.6) | 0.6  (0.3-1.3) education,
Health and S vitamin E
Aging Project . _ _ intake, other
3 296 is;rvmg/ week | 0.5 (0.2-1.0) 0.4 (0.2-0.9) fat intake,
4 148 wervines/week | 0 (0.2-0.9) 04  (0.2-0.9) cardiovascul
servings/wee ar disease,
Total 815 p=0.18 p=007; | APO-e4
status.

* NR = not reported, g = grams; T hazard ratio; I age and sex adjusted; test for trend; § Authors report that 40% of participants

had 0 g/day of intake.

C-3




Appendix C. Evidence Tables (continued)

Table C.1.1.Part B (continued). Evidence table of the effects of omega-3 fatty acids on cognitive function and
dementia in cohort studies by category of omega-3 consumption.*

Study Estimates of effect
Author, Year Type Of. arm :
Cohort dementia (quartile Median
quintile " | Total n |Amount by Age adjusted RR Multivariable RR [Multivariable
or dose category (95% CI) (95% CI) Adjustors
group)
Omega-3 fatty acids
Morris, Alzheimer’s | 1 NR 0.9 g/day 1.0 1.0 Age, sex,
2003% disease race,
Chicago 2 NR 1.13 g/day 1.1 (0.4-2.9) 1.2 (0.5-3.0) education,
Health and 3 NR 1.30 g/day 0.5 (0.2-1.4) 0.6 (0.2-1.7) vitamin E
Aging Project 4 NR 1.49 g/day 0.6 (0.2-1.5) 0.7 (0.3-1.6) inta_ke, other
5 NR 1.75 g/day 03 (0.1-0.7) 04  (0.1-0.9) | fatintake,
cardiovascul
ar disease,
Total 815 p=0.01% p=0.01f | APO-g4
status.
ALA
Morris, Alzheimer’s 0.72 IAge, sex,
2003 disease ! NR g/day 1.0 1.0 race,
Chicago 2 NR 0.92g/day 1.7 (0.7-3.8) 1.8 (0.8-3.8)  ducation,
Health and vitamin E
Aging Project 3 NR 1.06g/day 0.8 (0.4-1.9) 0.8 (0.4-2.0) intake, other
4 NR 1.23g/day 0.8 0.4-1.7) 0.9 (0.4-2.0)  fat intake,
5 NR 1.46g/day 0.5 (0.2-1.1) 0.7 (0.3-1.6) fardiovascula
r disease,
Total 815 p=0.01% p=0.10; APO-e4
status.
DHA
Morris, 2003 | Alzheimer’s | | NR 0.03 g/day 1.0 1.0 Age, sex,
23 .
disease race,
Chicago 2 NR 0.05 g/day 0.8 (0.3-2.1) 0.8 (0.3-2.1) education,
Health and 3 NR 0.06 g/day 0.4 (0.1-1.1) 0.4 (0.1-1.0) vitamin E
Aging Project 4 NR 0.07 g/day 0.3 (0.1-0.9) 0.2 (0.1-0.8) intake, other
fat intake
5 NR 0.10 g/d 0.4 0.2-1.1 0.3 0.1-0.9 ’
greay ( ) ( ) cardiovascul
ar disease,
Total 815 p=0.05% p=0.02f | APO-g4
status.

* NR = not reported, g = grams; 1 hazards ratio; I age and sex adjusted; test for trend; § Authors report that 40% of participants

had 0 g/day of intake.
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Appendix C. Evidence Tables (continued)

Table C.1.1.Part B (continued). Evidence table of the effects of omega-3 fatty acids on cognitive function and
dementia in cohort studies by category of omega-3 consumption.*

Study Estimates of effect
Author, Year ;’ype Of. arm :
Cohort ementia (quartile Median
quintile " | Total n |Amount by Age adjusted RR Multivariable RR [Multivariable
or dose category (95% CI) (95% CI) Adjustors
group)
EPA
Morris, 2003 | Alzheimer’s | | NR 0.0 g/day 1.0 1.0 Age, sex,
23 :
disease race,
Chicago 2 NR 0.0 g/day NR§ NR§ NR§ NR§ education.
Health and 3 NR 0.01 g/day 1.0 (0.4-2.4) 1.1 (0.4-2.8) | vitamin E
Aging Project 4 NR 0.02 g/day 0.5 (0.2-1.2) 0.5 (0.2-1.2) intake, other
fat intake
5 NR 0.03 g/d. 09 0.4-2.1 09 04-2.3 >
gaay ( ) ( ) cardiovascul
ar disease,
Total 815 p=0.40% p=0.40% | APO-¢4
status.

* NR = not reported, g = grams; T hazards ratio; { age and sex adjusted; test for trend; § Authors report that 40% of participants

had 0 g/day of intake.
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Appendix C. Evidence Tables (continued)

Table C.2.1.Part A. Evidence table of the effects of omega-3 fatty acids on the treatment of dementiain RCTs.*

Concurrent
. - Study Design - I Disease Interventions
First Author, Year | Study Characteristics Duration Eligibility criteria Condition Arm Dosage/Duration
Medication
Terano, 1994** Sample size (people/person | Design: RCT Inclusion: Other dementia NR Intervention:
years): 20/NR Standard hospital diet
Duration: 12 months Exclusion: NR 1
Age (mean/range): 83/NR Dosage: NR
Race: NR .
Intervention: DHA
% male: NR
Dosage: 4.3
# sites: 1 2 grams/day for 12

Location: Japan

months

* NR = not reported.
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Appendix C. Evidence Tables (continued)

Table C.2.1.Part B. Evidence table of the effects of omega-3 fatty acids on the treatment of dementiain RCTs.*

Quality
First Author, Year Outcomes Applicability
Results .
Funding Source
Terano, 1994** Results Quality
Study arms f Aff hs | Aff hs | After 12 months | 1242d" 1
Before ter 3 months ter 6 months ter 12 months Concealment of Allocation: NR
Mean scores of HDS-R
Standard nursing 16.3 16.7 16.7 15.3 Applicability: II-B
home diet )
Standard nursing Fundlng Source: NR
home diet PLUS 17.2 20.6F 19.9% 20.2
DHA 4.3 grams/day
Mean scores of MMSE
Standard nursing
home diet 19.7 194 19.67F 19.1
Standard nursing
home diet PLUS 20.1 21.3 22.2 21.9
DHA 4.3 grams/day

* NR = not reported, HDS-R = Hasegawa’s Dementia rating scale; MMSE = Mini Mental Status Exam. { p < 0.05 with paired t-test.
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Appendix C. Evidence Tables (continued)

Table C.3.1. Part A. Evidence table of the effects of omega-3 fatty acids on incidence of neurological diseases in cohort and case control studies.*

First Author, Disease Applicability
Year Study Characteristics Duration Eligibility criteria A . Funding source
scertainment .
Cohort Quality
Chen, 2003** Study Design: Cohort Duration: Variable Inclusion: NR Disease: Parkinson’s | Applicability: II
Health years Funding source: Government and
Professionals Sample size (people/person Exclusion: Cancer Ascertainment: private (non-industry)
Follow-up Study years): 135,894/NR (other than non- neurological exam Quality:
Cohort and The melanoma skin Adjustment for confounders: Y
Nurses’ Health Age (mean/range): NR/30-75 cancer)/Incomplete Blinding of exposure/outcome:
Study Cohort food frequency Y
Race: NR questionnaire/Dietary Valid ascertainment of
questionnaire with outcome: Y
% male: 35 implausible total Valid ascertainment of
energy intake exposure: Y
# sites: 1 Exposure before outcome: Y

Location: US

Selection bias: N
Description of withdrawals and
dropouts: NR

Ghadirian, 1998*

Study Design: Case-Control

Sample size (people/person
years): 399/NR

Age (mean/range): NR/NR
Race: NR

% male: 31

# sites: 1

Location: Canada

Duration: NR

Inclusion: Multiple
sclerosis

Exclusion: NR

Disease: MS

Ascertainment:
Neurological exam,
Kurtzke/EDSS

Applicability: 11

Funding source: NR

Quality:
Adjustment for confounders: Y
Blinding of exposure/outcome:
Y
Valid ascertainment of
outcome: Y
Valid ascertainment of
exposure: Y
Exposure before outcome: Y
Groups comparable: Y
Selection bias: N
Description of withdrawals and
dropouts: Y

* NR = not reported.
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Appendix C. Evidence Tables (continued)

Table C.3.1.Part A

continued). Evidence table of the effects of omega-3 fatty acids on neurological diseases in cohort and case control studies.*

First Author, Disease Applicability
Year Study Characteristics Duration Eligibility criteria . Funding source
Ascertainment -
Cohort Quality
Petridou, 1998 Stdy Design: Case-Control Duration: NR Inclusion: NR Disease: CP Applicability: 11
Funding source: Government and
Sample size (people/person Exclusion: NR Ascertainment: private
years): 337/NR Clinical exam; Quality:
registry Adjustment of confounders: Y
Age (mean/range): 5/4-8 Blinding of exposure/outcome:
Valid ascertainment of
Race: NR outcome: Y
Valid ascertainment of
% male: 53 exposure: Y
Exposure before outcome: Y
# sites: 1 Groups comparable: Y
Selection bias: Y
Location: Greece Description of withdrawals and
dropouts: Y
Zhang, 2000°' Study Design: Cohort Duration: 14 years Inclusion: NR Disease: MS Applicability: 11
Nurses’ Health Funding source: Government
Study Cohort Sample size (people/person Exclusion: Cancer Ascertainment: Quality:

years): 187,811/NR

Age (mean/range): NR/25-55
Race: NR

% male: NR

# sites: 1

Location: US

(other than non-
melanoma skin
cancer)/Incomplete
food frequency
questionnaire/Dietary
questionnaire with
implausible total
energy intake

neurological exam;
Poser criteria

Adjustment of confounders: Y
Blinding of exposure/outcome:
Y

Valid ascertainment of
outcome: Y

Valid ascertainment of
exposure: Y

Exposure before outcome: Y
Selection bias: N

Description of withdrawals and
dropouts: Y

* NR = not reported.




Appendix C. Evidence Tables (continued)

Table C.3.1. Part B. Evidence table of the effects of omega-3 fatty acids on incidence of neurological

diseases in cohort and case control studies.*

Author. Year Study arm Estimates of effect
' (quartile: .
g?sgggz quintile: nt  {Amount by o . Multivariable
dose group: category Multivariable RR (95% Adjust_ors,
case or Cl) Matching
control) parameters
Fish
Zhang, 2000°' fweek Multivariable
The Nurses' Health 1 81 < lwee 1.0 adjustors: Age,
Study I and 11 smoking
Multiple Sclerosis 2 77 1-2.9/week | 1.0 (0.8-1.4) (cigarettes/day),
energy intake
3 37 3-4.9/week | 0.9 (0.6-1.3) (quintiles), alcohol
consumption
=0.79 .
P ' Matching: NA
Ghadirian, 1998," _ | Control | 64 1.0
Multiple sclerosis | 3 [7cyge 61 108 (0B4-140) |y o
adjustors: Total
g Control 138 1.0 energy, body mass
S | Case 136 0.83 (0.69-1.00) index
Control | 202 1.0 Matching: Age,
= sex, phone number
< | Case 197 0.91 (0.78-1.05)
Petridou, 1998, Multivariable
Cerebral palsy adjustors: ‘Core’
Control 166 1/week 1.0 variables§ plus
total energy intake,
body mass index
Case 58 1/week 0.63 (0.37-1.08) Matching: Age,

neighborhood or

age, physician

* NR = Not Reported; T Number of people included in analysis; § test for trend. § Core variables = Age of child, sex, maternal
age at menarche, maternal age at delivery, maternal chronic disease, previous spontaneous abortion, persistent vomiting during
index pregnancy, multiple pregnancy, number of obstetric visits, timing of membrane rupture, use of general anesthesia, mode of
delivery, abnormal placenta, head circumference, evident congenital malformation, place of deliver, use of Fe during pregnancy,
intention al physical exercise during pregnancy, painless delivery classes.
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Appendix C. Evidence Tables (continued)

Table C.3.1.Part B (continued). Evidence table of the effects of omega-3 fatty acids on incidence of
neurological diseases in cohort and case control studies.*

Author, Year (S(;lljgz/tﬁgm Estimates of effect
Cohort quintile: dian o Multivariable
Disease dose group:; nt |Median dose |Multivariable RR (95%  |Adjustors,
case or Cl) Matching
control) parameters
Omega-3 fat from fish
33 o
B[ w [T i
Professional 0.07% of
Follow.up Study 2 NR | 0.84 (0.52-1.37)
and The Nurses' 0.1% of
Health Study, g 3 NR energy 1.08 (0.69-1.69)
Parkinson's 0.2% of
Discase 4 N | 0.88  (0.55-1.40)
0
5 NR girg’y"f 099  (0.63-1.55)
Total 47,331 p=05% Multivariable
1 NR 0.03 % of 1.0 adjustors: Age,
gngsr%; v smoking
2 NR H2 700 0.70 (0.41-1.19) (cigarettes/day),
energoy energy intake
g 3 NR | 008%of o6 (0.45-1.29) (quintiles), alcohol
5 eneorgy consumption
= |4 NR | O1%of 075  (0.45-1.26) _
energy Matching: NA
0
5 NR | 02%0f o060 (0.55-1.47)
energy
Total 88,563 p=0.9%
- 1 NR NR 1.0
s (2 NR | NR 0.77 (0.54-1.11)
§ g 3 NR | NR 0.93 (0.66-1.31)
294 NR | NR 0.82 (0.58-1.16)
§ 5 NR NR 0.94 (0.68-1.32)
Total 135,894 p=0.9%

* NR = Not Reported; + Number of people included in analysis; I test for trend.




Appendix C. Evidence Tables (continued)

Table C.3.1.Part B (continued). Evidence table of the effects of omega-3 fatty acids on incidence of
neurological diseases in cohort and case control studies.*

Author, Year (S(;ﬂgz/tﬁgm Estimates of effect
Cohort quintile: dian o Multivariable
Disease dose group: nt |Median dose |Multivariable RR (95%  |Adjustors,
caseor Cl) Matching
control) parameters
ALA
o
e T e [ [
0,
Health 2 NR | Q0% g se (034-0.87)
Profession energy
1 Follow- 0
A 3 NR | 008%of g5 (0.49-1.15)
upd '?;1 y g energy
an e 0.09% of
Eur?e;, 4 NR | 088  (0.58-1.32)
ealt 0
Study 5 NR 2;11r§y°f 0.69  (0.45-1.07)
Pgrkinson's Total 47,331 p=0.4% -
Disease = Multivariable
1 NR 0.04 % of 1.0 adjustors: Age,
gn(fggo; - smoking
2 NR OO 700 083  (0.51-1.34) (cigarettes/day),
energoy energy intake
5 3 NR | Q07%0f g 043-1.17) (quintiles), alcohol
s energgy consumption
= 4 NR | 0:09%of 0.68  (0.41-1.13) _
energy Matching: NA
0
5 NR | 0L %of 0.60  (0.35-1.01)
energy
Total 88,563 p =0.04%
- 1 NR NR 1.0
g 2 NR | NR 067  (0.47-0.93)
é’ § 3 NR | NR 073 (0.53-1.01)
92 4 NR | NR 079  (0.57-1.09)
§ 5 NR | NR 0.65 (0.46-0.91)
Total 135,894 p=0.05%

* NR = Not Reported; T Number of people included in analysis; § test for trend.
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Appendix C. Evidence Tables (continued)

Table C.3.1.Part B (continued). Evidence table of the effects of omega-3 fatty acids on incidence of
neurological diseases in cohort and case control studies.*

Author, Year Study arm Estimates of effect
Cphort (quartile, . o o
Disease . nt |Median dose |Multivariable RR (95% |Multivariable
quintile or
dose group) Cl) Adjustors
EPA
Chen, 2003** 0.009 % of
Health ! NR energy 1.0
Professional 0.02 % of
Follow-up 2 NR | 0.77 (0.48-1.25)
Study and The 0.04 % of
Nurses' Health g 3 NR energy 0.88 (0.56-1.39)
Study 0.06 % of
Parkinson's 4 NR | 0.92 (0.59-1.44)
Disease 5 NR | OL%of g (0.59-1.42)
energy ) ) )
Total 47,331 p=0.9%
1 NR | 0007%0f 1) Multivariable
LLUSE adjustors: Age,
2 NR | QO0L%of g 6r (039-1.16) | smoking
energ,:)y (cigarettes/day),
§ 3 NR 0.02 % of 0.80 (0.48-1.34) energy intake
3 ener%y (quintiles), alcohol
= 14 NR | 004%o0f g4 (044-124) | consumption
energy
0
5 NR | 007%0f g, (0.56-1.49)
energy
Total 88,563 p=0.8%
- 1 NR NR 1.0
s |2 NR | NR 0.73 (0.51-1.04)
§ g 3 NR | NR 0.84 (0.60-1.19)
324 NR | NR 0.84 (0.60-1.18)
§ 5 NR | NR 0.91 (0.66-1.27)
Total 135,894 p=0.9%

* NR = Not Reported; + Number of people included in analysis; I test for trend.
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Appendix C. Evidence Tables (continued)

Table C.3.1.Part B (continued). Evidence table of the effects of omega-3 fatty acids on incidence of
neurological diseases in cohort and case control studies.*

Author, Year Study arm Estimates of effect
Cohort .
. (quartile, . . L
Disease quintileor | " Median dose |Multivariable RR (95% |[Multivariable
dose group) Cl) Adjustors
DHA
0.02 % of
1 NR | oy 1
0,
2 NR | 003%0f g (0.49-1.28)
energy
0,
= |3 NR | 007%0f s (0.67-1.64)
2 energy
0
4 NR | OL%of 0.90 (0.57-1.42)
energy
0
5 NR | 02 %of 0.92 (0.58-1.44)
energy
Chen. 2003 Total 47,331 p=0.9%
Health 1 NR 0.02 % of 1 Multivariable
Professional gn(?ig(;, F adjustors: Age,
Follow-up 2 NR U700 0.62 (0.36-1.07) smoking
Study and The ey (cigarettes/day),
Nurses' Health 8 3 NR 0.06 % of 0.65 (0.38-1.09) energy intake
Study g cnergy (quintiles), alcohol
Parkinson's = 4 NR 0.08 % of 0.81 (0.49-1.32) consumption
Disease enerogy
5 NR | OL%of 0.76 (0.46-1.26)
energy
Total 88,563 p=0.8%
. NR | NR 1
s |2 NR | NR 0.71 (0.49-1.02)
g g 3 NR | NR 0.86 (0.61-1.21)
2 S|4 NR | NR 0.86 (0.61-1.20)
é 5 NR | NR 0.84 (0.60-1.18)
Total 135,894 p=0.8%

* NR = Not Reported; + Number of people included in analysis; I test for trend.
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Appendix C. Evidence Tables (continued)

Table C.4.1. Part A. Evidence table of the effects of omega-3 fatty acids on the progression of multiple sclerosis in clinical trials.*

Concurrent
. - Study Design R o Disease Interventions
First Author, Year | Study Characteristics Duration Eligibility criteria Condition Arm Dosage/Duration
Medication
Bates, 1989" Sample size (people/person | Design: RCT Inclusion: MS defined by Vitamin E, N6 Intervention: Olive
years): 312/NR specific criteria/Acute polyunsaturated oil
Duration: 24 months relapsing/Kurtzke Disability | fat, 1
Age (mean/range): 34/16-35 Scale=6 Dodecylgallate Dosage: 10
grams/day for 24
Race: NR Exclusion: Chronic disease months
Y ) history Intervention: Max
o male: 32 EPA
# sites: 3 2 Dosage: 10
. grams/day for 24
Location: UK months

* NR = not reported.




Appendix C. Evidence Tables (continued)

Table C.4.1. Part A (continued). Evidence table of the effects of omega-3 fatty acids on the progression of multiple sclerosis in clinical trials.*

Concurrent
'\:(Lr;: Author, Study Characteristics gtllj;ziggsmn Eligibility criteria gz)srfgisteion Arm lljrgggee/rgﬁpa?tion
Medication
Cendrowski, Sample size (people/person Design: Single arm Inclusion: MS None Intervention: w-3 and w-6
1986% years): 12/NR open label trial defined by specific polyunsaturated fatty acids
criteria (MaxEPA)
Age (mean/range): NR/33-64 Duration: Variable
months Exclusion: NR Dosage: 20-30 ml/day
Race: NR 1
% male: 50
# sites: 1
Location: UK
Nordvik, 2000% Sample size (people/person Design: Single arm Inclusion: None Intervention: Long-chain marine
years): 16/NR open label trial Relapsing/remitting fatty acids and vitamins
MS/Stable
Age (mean/range): 32/22-37 Duration: 2 years neurological status Dosage: 0.9 g/day
Race: NR Exclusion: |
Immunosuppressive
% male: 35 medications
use/Vitamins
# sites: 1 use/Fish
supplements/Steroids

Location: Norway

use/Change in diet

*NR = not reported.




Appendix C. Evidence Tables (continued)

Table C.4.1. Part B. Evidence table of the effects of omega-3 fatty acids on the progression of multiple sclerosis in clinical trials.*

Quality
First Author, Year Outcomes Applicability
Results .
Funding Source
Bates, 1989% Outcome 1: Kurtzke Disability Scale scores Quality
Arm 1 = Olive oil 10 grams/day for 24 months Jadad: 3

Arm 2 =Max EPA 10 grams/day for 24 months

Reported testing: p = 0.07 (not statistically significant) for comparison between
groups

Outcome 2: Duration and number of relapses

Arm | = Olive oil 10 grams/day for 24 months

Arm 2 =Max EPA 10 grams/day for 24 months

Reported testing: Not statistically significant for comparison between groups;
statistics not reported

Outcome 3: Fatty acid analysis

Arm 1 = Olive oil 10 grams/day for 24 months

Arm 2 =Max EPA 10 grams/day for 24 months

Reported testing: Significant increases in EPA and DHA in arm 2 subjects in
comparison with controls (arm 1) but point estimates not reported.

Concealment of Allocation: NR
Applicability: 11-B

Funding Source: Private

Cendrowski, 1986%

Outcome 1:Mean EDSS Scores

Arm 1: MaxEPA (4..2 g/day EPA; 2.8 g/day DHA)

Reported testing: p<0.05 significant for reduction on EDSS

Outcome 2: Mean Progression Index

Arm 1: MaxEPA (4..2 g/day EPA; 2.8 g/day DHA)

Reported testing: p<0.05 significant for improvement on index of disease progression

Quality

Comparison groups: None

Blinding: NR

Description of withdrawals/dropouts: NR

Applicability: 1I-B

Funding Source: NR

*NR = not reported.




Appendix C. Evidence Tables (continued)

Table C.4.1. Part B (continued). Evidence table of the effects of omega-3 fatty acids on the progression of multiple sclerosis in clinical trials.*

Quality
First Author, Year Outcomes Applicability
Results .
Funding Source
Nordvik, 2000 Outcome 1:Mean EDSS Scorest Quality

Arm 1: Fish oil supplement (0.4 g/day EPA; 05 g/day DHA)
Reported testing: p<0.05 significant for reduction on EDSS

Comparison groups: None

Blinding: NR

Description of withdrawals/dropouts: NR
Applicability: 1I-B

Funding Source: Government and Private

* NR = not reported. TEDSS = Expanded Disability Status Scale.
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