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Preface

The Agency for Hedlthcare Research and Quality (AHRQ), through its Evidence-Based
Practice Centers (EPCs), sponsors the devel opment of evidence reports and technol ogy
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
Cardiovascular Risk Factors and Intermediate Markers of Cardiovascular Disease was requested
and funded by the Office of Dietary Supplements, National Institutes of Health. The reports and
assessments provide organi zations 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 written comments on this evidence report. They may be sent to: Director,
Center for Outcomes and Evidence, Agency for Healthcare Research and Quality, 540 Gaither
Road, Rockville, MD 20850.

Carolyn M. Clancy, M.D. Jean Slutsky, P.A., M.SP.H.
Director Acting Director, Center for Outcomes and
Agency for Healthcare Research and Quality Evidence

Agency for Healthcare Research and Quality

Paul Coates, PhD.
Director, Office of Dietary Supplements
National Institutes of Health

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.
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Structured Abstract

Context. Epidemiologic studies and clinical trials have reported beneficial effects of
fish/omega-3 fatty acid consumption on several cardiovascular disease (CV D) outcomes, such as
sudden death, cardiac death, and stroke. However, the mechanisms of this benefit are unclear.

Objectives. Asthe second of a 3-part report on this topic, we performed a systematic review of
the literature to assess the effect of consumption of omega-3 fatty acids (elcosapentaenoic acid
[EPA; 20:5 n-3], docosahexaenoic acid [DHA; 22:6 n-3], and apha-linolenic acid [ALA, 18:3
n-3])on various CVD risk factors and intermediate markers of CVD in healthy people, people
with dydlipidemia, diabetes, or known CVD.

Data Sources. We searched Medline, Embase, Cochrane Central Register of Controlled
Trias, Biological Abstracts, and Commonwealth Agricultural Bureau databases for potentially
relevant studies.

Study Selection. We screened over 7,464 abstracts and retrieved 807 full text articles. We
analyzed 123 studies that met inclusion criteria to address the key questions in this report. We
included studies in which the amount of fish or omega- 3 fatty acid intake was quantified, less
than 6 g of omega-3 fatty acid per day was consumed, and of at least 4 weeks' duration.

Data Extraction. From each eligible study, we extracted information about the study design,
population demographics, the amount of omega-3 fatty acids (in supplements or diet) or fish
consumed, and outcomes. For RCTs, we extracted information about the randomization,
allocation, and blinding techniques to assess methodological quality.

Data Synthesis. We examined the effect of omega- 3 fatty acids on potential CVD risk
factors — including lipoproteins, apolipoproteins, blood pressure, hemoglobin (Hgb) A;c, C-
reactive protein (CRP), hemostatic factors, platelet aggregation, and markers of diabetes — and
intermediate markers of CVD — including coronary artery restenosis, carotid intima- media
thickness (IMT), exercise tolerance testing, and heart rate variability. We also assessed
correlations between long-chain omega-3 fatty acids intake and tissue phospholipid levels.

Among the outcomes we analyzed, omega- 3 fatty acids demonstrated a consistently large,
significant effect on triglycerides. The trials of triglycerides reported a net decrease in
triglycerides of about 10% to 33%. The effect was dose dependent, generally consistent in
different populations, and was generally larger in studies with higher mean baseline triglyceride
levels. In contrast to studies of fish ails, the single study of a plant oil (ALA) found a net
increase in triglycerides. The effect of omega-3 fatty acids on other serum lipids was weaker (up
to a 6% increase in HDL).

Outcomes for which a small beneficia effect was found with fish oil supplementation
include blood pressure (about 2 mm Hg reduction), restenosis rates after coronary angioplasty
(14% reduction), exercise tolerance testing, and heart rate variability. For other evaluated
outcomes, including measures of glucose tolerance, the effects of omega- 3 fatty acids were either
small or inconsistent across studies.



Across studies, we found a direct relationships between dose of consumed omega- 3 fatty
acids and changes in measured levels of EPA+DHA, either as plasma or serum phospholipids,
platelet phospholipids, or erythrocyte membrane phospholipids. The correlation between dose
and change in level appears to be fairly uniform, where 1 g supplementation of EPA and/or DHA
corresponds to approximately a 1% increase in EPA+DHA level.

Conclusions. A large, consistent beneficial effect of omega-3 fatty acids was found only for
triglyceride levels. Little or no effect of omega-3 fatty acids was found for a variety of other
cardiovascular risk factors and markers of cardiovascular disease. The benefits of omega-3 fatty
acids on reducing cardiovascular disease are not well explained by the fatty acids effects on the
cardiovascular risk factors we examined. A strong, linear association was found across studies
between omega- 3 fatty acid intake and tissue levels.

Heterogeneity of treatment effect was common among studies across the outcomes eval uated.
Given the large amount of heterogeneity across studies, many questions remain about the effect
of omega- 3 fatty acids in improving potential CVD risk factors and intermediate markers of
CVD. Few studies addressed questions related to effect modifiers and only limited conclusions
could be made regarding these factors. The optimal quantity and type of omega-3 fatty acid, ratio
of dietary omega-6 to omega-3, and duration of treatment remain undefined. Future research is
needed to address these issues.

Vi
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Summary

Introduction

Numerous studies have examined the
relationship between dietary fat and
cardiovascular disease (CVD). Most early
epidemiology studies noted very low
cardiovascular mortality in populations with high
fish consumption." The apparent benefit of
dietary fish is explained by the intake of very long
chain, highly polyunsaturated omega-3 fatty
acids.” Since these early studies, hundreds of
observational and clinical trials have been
conducted to analyze the effect of both marine
and plant sources of omega-3 fatty acids on CVD
and a wide range of risk factors and intermediate
markers of CVD, and to define and explain the
potential benefits of increased intake of the
omega-3 fatty acids. The primary omega-3 fatty
acids of interest include eicosapentaenoic acid
(EPA, 20:5 n-3) and docosahexaenoic acid
(DHA, 22:6 n-3), which are derived primarily
from marine sources, and alpha-linolenic acid
(ALA, 18:3 n-3), which is derived primarily from
plant sources.

This report examines evidence addressing both
the association in humans between omega-3 fatty
acids and cardiovascular intermediate outcomes
and risk factors and the association between
omega-3 fatty acids and tissue or plasma levels of
omega-3 fatty acids. The three specific
populations of interest are healthy adults with no
known CVD or risk factors; adults at increased
risk of CVD due specifically to diabetes,
hypertension, or hyperlipidemia; and adults with
known CVD. The exposure of interest is omega-3
fatty acids. Questions of interest include how
different sources, dosages, and relative proportions
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of the fatty acids differ in their effects on the
outcomes of interest. Included are questions
addressing possible differences between the effects
of supplements (e.g., fish oil capsules) and dietary
sources (e.g., fatty fish), the effect of duration of
intervention or exposure, and whether any effect
is sustained after stopping exposure. In addition,
because of a lack of clarity regarding the most
accurate measure of levels of omega-3 fatty acids
in the body, we also address how omega-3 fatty
acid intake relates to different measures of tissue
and plasma fatty acid levels.

A large number of putative risk factors for and
intermediate markers of CVD exist, including
markers for different aspects of CVD, markers for
risk factors of CVD, and markers for other factors
related to cardiovascular health. However, the
relationship between most of these laboratory
measurements or diagnostic tests and aspects of
atherosclerosis such as inflammation, are generally
unproven. The relationships between these factors
and actual clinical disease and events are generally
even more theoretical. Based on these limitations
and the available data, the effects of omega-3 fatty
acid intake on the following risk factors are
addressed in this report: total cholesterol; low
density lipoprotein cholesterol (LDL); high
density lipoprotein cholesterol (HDL);
triglycerides (Tg); lipoprotein(a) [Lp(a)];
apolipoprotein (apo) Al; apo B; apo B-100 and
LDL apo B; systolic and diastolic blood pressure
(BP); hemoglobin (Hgb) A, fasting blood sugar
(FBS); fasting insulin; C-reactive protein (CRP);
fibrinogen; factors VII, VIII, and von Willebrand
factor (vWF); and platelet aggregation. In
addition, we examine the following intermediate
markers of CVD: coronary artery restenosis after
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angioplasty, carotid artery intima-media thickness (IMT),
exercise tolerance testing (ETT), and heart rate (HR)
variability.

This evidence report is one of three reports prepared by the
Tufts-New England Medical Center (Tufts-NEMC) Evidence-
based Practice Center (EPC) concerning the health benefits of
omega-3 fatty acids on cardiovascular diseases. These reports are
among several that address topics related to omega-3 fatty acids
that were requested and funded by the Office of Dietary
Supplements, National Institutes of Health (NIH), through the
EPC program at the Agency for Healthcare Research and
Quality (AHRQ). Three EPCs—the Tufts-NEMC EPC, the
Southern California-RAND EPC, and the University of
Ottawa EPC—each produced evidence reports. To ensure
consistency of approach, the EPCs collaborated on selected
methodological elements, including literature search strategies,
rating of evidence, and data table design.

Methods

Key Questions
Four general questions are addressed in this report:

1. What is the effect of omega-3 fatty acids on intermediate
markers and risk factors of CVD?

2. What is the effect of different omega-3 fatty acids and
different sources of the fatty acids?

3. How does the effect of omega-3 fatty acids differ in
different sub-populations and in relation to various
confounders?

4. What is the association between intake levels of omega-3
fatty acids and tissue levels?

Literature Search Strategy

We conducted comprehensive literature searches using six
databases including MEDLINE®, PreMEDLINE®, EMBASE,
Cochrane Central Register of Controlled Trials, Biological
Abstracts, and Commonwealth Agricultural Bureau (CAB)
Health. Primary searches were performed between December
2002 and February 2003. General updated searches were
conducted through April 2003 and highly focused updates
were conducted through July 2003. Additional publications
were identified from reference lists of review and primary
articles, from domain experts, and the other two EPCs.

Selection Criteria and Screening Process

All abstracts identified through the literature search were
screened using predetermined eligibility criteria. We identified
all English language studies that evaluated any potential source
of omega-3 fatty acids in at least five human subjects, regardless
of the study outcomes reported in the abstract. We excluded
abstracts that included only subjects who had a non-CVD-
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related condition (e.g., cancer, schizophrenia, or organ
transplant), letters, and abstracts.

Upon review of full articles we excluded studies of children
(under age 19 years), studies of daily omega-3 fatty acid doses
of more than 6 g per day, studies of less than 4 weeks duration,
crossover studies with less than 4 weeks washout between
treatments, and studies that did not report complete data on
outcomes of interest. We also excluded studies that did not
report either the specific dose of omega-3 fatty acids or the
amount of fish consumed and studies that reported only
associations between omega-3 fatty acid tissue levels and risk
factors. Specific sources of omega-3 fatty acid considered
acceptable included fish oils, dietary fish, canola (rapeseed) oil,
soybean oil, flaxseed or linseed oil, walnuts or walnut oil, and
mustard seed oil. Other sources were eligible if omega-3 fatty
acid levels were reported to be greater than the control.

Because of the large number of studies available for analysis,
for most outcomes of interest we confined analysis to the
largest randomized trials for each outcome evaluated. For
outcomes with few studies, all studies were included regardless
of study design or sample size (minimum of five subjects). We
limited our review of studies examining the association between
dietary omega-3 fatty acid intake and tissue levels of omega-3
fatty acids to the larger randomized trials that met eligibility
criteria for either intermediate or clinical outcomes.

Data Extraction

Each eligible study was fully extracted by a single reviewer.
Problems and corrections were noted through spot checks of
extracted data and during the creation of summary and
evidence tables. A second reviewer independently verified the
data in the summary tables using the original article. Items
extracted included: study design, blinding, randomization
method, allocation concealment method, country, funding
source, study duration, eligibility criteria, sample characteristics,
number enrolled and analyzed, reasons for withdrawals,
description of omega-3 fatty acid and control interventions or
diets, intermediate and clinical outcomes, adverse events,
results, and whether each study addressed each of the key
questions. In addition, each study was categorized based on

applicability and study quality.
Grading Study Quality

In order to improve consistency among omega-3 fatty acid
reports by the three EPCs, we used three measures of study
quality to evaluate the evidence:

* The Jadad Score, which captures items related to adequacy

of randomization, double blinding, and dropouts on a scale
of 0 to 5.°



* Adequacy of allocation concealment as either adequate,

inadequate, or unclear using the definitions described by
Schulz et al.”

*  Generic quality grade of either A, B, or C.*

A-Least bias; results are valid. A study that mostly adheres
to the commonly held concepts of high quality; no
reporting errors; and no obvious bias.

B—Susceptible to some bias, but not sufficient to invalidate
the results. A study that does not meet all the criteria in
category A, above.

C-Significant bias that may invalidate the results. A study
with serious errors in design, analysis, or reporting.

Applicability

In this report, the focus is on the U.S. population. We
categorized studies based on the study eligibility criteria into
four populations: generally healthy people, people with CVD,
people with diabetes, and people with dyslipidemia. A study
could be categorized into multiple populations, as appropriate.

We further categorized studies within a target population
into one of three levels of applicability.®

* [-Sample is representative of the target population. It
should be sufficiently large to cover both sexes, a wide age
range, and other important features of the target
population including baseline dietary intake broadly similar

to that of the U.S. population.

* II-Sample is representative of a relevant sub-group of the
target population, but not the entire population.

* III-Sample is representative of a narrow subgroup of
subjects only, and is not applicable to other subgroups.

Qualitative and Statistical Analyses

Most outcomes evaluated were continuous variables. For
these outcomes, summary tables report three sets of data
pertaining to results: the mean (or median) baseline level in the
omega-3 fatty acid arm, the net change of the outcome, and
the reported P value of the difference between the omega-3
fatty acid arm and control. The net change of the outcome is
the difference between the change in the omega-3 fatty acid
arm and the change in the control arm. Coronary artery
restenosis studies provided rate data on a dichotomous variable
(restenosis or no restenosis). For these studies, we report three
equivalent sets of data: the control rate, the relative risk of
restenosis, and the 95 percent confidence interval of the relative
risk. In addition, we performed a random effects model meta-
analysis of the relative risk.’

To examine the association between the level of intake of
omega-3 fatty acids and tissue levels, the change in omega-3
fatty acid and arachidonic acid compositions were calculated for
each treatment arm. Data were extracted for fatty acid
composition of plasma or serum phospholipids, platelet

membrane phospholipids, and erythrocyte membrane
phospholipids (and, from one study each, granulocyte and
monocyte membrane phospholipids). For each tissue type, data
from each treatment arm were combined in a meta-regression
on the change of EPA+DHA composition compared to mean
dose of EPA+DHA received in each treatment arm." Changes
in non-omega-3-fatty-acid arms or control groups were not
included in meta-regression analyses.

Results

We screened over 7,464 abstracts. Based on this screen, we
retrieved 807 full articles, 344 of which reported on CVD risk
factors and intermediate markers of potential interest and met
initial eligibility criteria. Within the 344 articles, there were 197
randomized trials that analyzed outcomes of interest in this
report. We evaluated 123 articles that met final eligibility
criteria regarding 23 potential risk factors and intermediate
markers of CVD and tissue levels of omega-3 fatty acids. The
majority of analyzed studies evaluated fish or other marine oils
(EPA+DHA); few evaluated plant oils (EPA+DHA or ALA).
Furthermore, few studies compared doses of similar omega-3
fatty acids, compared different omega-3 fatty acids, reported on
potential covariates such as age and sex, analyzed effects based
on duration of intake, or repeated measurements after subjects
had stopped omega-3 fatty acid supplementation.

Lipids

Abnormal levels of serum lipids, primarily LDL, HDL, and
Tg have long been recognized as independent risk factors for
CVD. We analyzed the effect of omega-3 fatty acids on these
and other serum lipids that have been associated with risk of
CVD, including: Lp(a) which consists of an LDL core
covalently bound to a plasminogen-like glycoprotein,
apolipoprotein(a); apo Al, the major apolipoprotein of HDL;
apo B, a ligand for the receptor that clears the lower density
lipoprotein particles from the bloodstream; and two forms of
one of its subtypes: total apo B-100, which is associated with
lipoprotein particles of hepatic origin; and LDL apo B, which
represents the portion of total blood apo B-100 that is
associated with the LDL subfraction.

We found 182 studies that met eligibility criteria and
reported data on the effect of omega-3 fatty acids on cholesterol
or Tg levels in at least 20 subjects. Of these, we analyzed the 25
randomized trials with lipid data for at least 60 subjects in
parallel trials and 40 subjects in crossover trials who consumed
omega-3 fatty acids. The strongest, most consistent effect of
omega-3 fatty acids was found among the 19 studies of Tg.
Most studies reported a net decrease in Tg of about 10 percent
to 33 percent. The effect was dose-dependent and generally
consistent among healthy subjects and patients with CVD, at
elevated risk of CVD, or dyslipidemia. Across studies, the effect
of omega-3 fatty acids on triglyceride levels was generally
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greater in those studies with higher baseline mean triglyceride
levels. However, the single study of a plant (rapeseed and
linseed) oil found a non-significant but large net increase in T,
Limited data suggest that the effect is not related to sex, age,
baseline Tg level, weight, background diet, or lipid treatment.
The effect of duration of intervention or exposure is unclear
and there were no data regarding sustainment of effect. The
effect of omega-3 fatty acids on other serum lipids was weaker.
The 23 analyzed studies of total cholesterol and the 19 studies
of HDL found heterogeneous results, but mostly found small,
non-significant net increases in levels of both lipids. The 15
analyzed trials of LDL fairly uniformly found small net
increases in LDL level. The effect of plant oils on these
lipoproteins was possibly weaker, but was similar to the effect of
marine oils. No differences in effect were seen by population
across studies and in one study that performed a sub-analysis of
diabetic subjects. One study found a larger net increase in total
cholesterol among subjects on a higher fat diet compared to
those on a lower fat diet, but this effect was not seen for other
lipids. A single study reported a steady increase in HDL levels
over time (from 6 weeks to 12 months) with fish oil. No other
studies found an effect of time on lipids. No other covariates
were reported to interact with fish oil effects on lipids.

No consistent effect was found across the 14 randomized
studies of Lp(a) (among a total of 23 studies examined),
although one study reported a small but significant effect in
subjects with elevated baseline Lp(a) levels compared to those
with lower levels. Among 61 studies of apo Al, we analyzed the
27 randomized studies of apo Al with data on at least 20
subjects in parallel trials and 15 subjects in crossover trials who
consumed omega-3 fatty acids. The studies generally found no
effect or a net decrease in level with omega-3 fatty acid
consumption. Among 52 studies of total apo B there was little
consistency of effect in the 25 randomized studies with data on
at least 20 subjects in parallel trials and 10 subjects in crossover
trials who consumed omega-3 fatty acids. The four available
studies of apo B-100 and the six of LDL apo B came to
opposite conclusions in that the former all found small net
changes in apo B-100—mostly net decreases—but most of the
latter found large, significant net increases in LDL apo B with
omega-3 fatty acid consumption.

Blood Pressure

We reviewed a recent publication that performed a meta-
regression of the effect of fish oils on blood pressure.! This
study found a small but significant reduction in both systolic
and diastolic blood pressure of about 2 mm Hg with fish oil
consumption. The effect was stronger in older and hypertensive
populations. Because the meta-regression excluded diabetic
populations, we evaluated the six randomized studies of
diabetics and found similar results. One study reported that
neither sex nor Hgb A levels were related to the fish oil effect
on blood pressure. No study analyzed plant oils.
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Glucose Tolerance

To evaluate the effect of omega-3 fatty acids on glucose
tolerance, an important risk factor for CVD among people
with diabetes or insulin resistance, we evaluated Hgb A, an
indicator of long-term serum glucose levels. We also evaluated
fasting blood sugar (FBS) and fasting insulin levels, which are
suggestive of insulin resistance in people with normal glucose
levels. Overall, there was no consistent effect of omega-3 fatty
acids on glucose tolerance. Among 32 studies of Hgb Alc there
was no substantial significant effect of omega-3 fatty acid
consumption, regardless of study population in the 18
randomized trials with data on at least 10 subjects who
consumed omega-3 fatty acids in either parallel trials or
crossover trials. Among the 57 studies of FBS, we found a wide
range of net effects of omega-3 fatty acids on fasting blood
sugars across the 17 randomized studies with data on at least 25
subjects in parallel trials and 15 subjects in crossover trials who
consumed omega-3 fatty acids among the 57 studies with data
on FBS. The heterogeneity was present regardless of the
makeup of the study population, although the range of effect
was widest among diabetic patients. The 15 randomized trials
of fasting insulin levels were very heterogeneous. The
heterogeneity found in the nine studies of generally euglycemic
populations was similar to that found in the studies of diabetics
and obese subjects.

Inflammation and Thrombosis

CRP is an acute phase reactant that is thought to represent
an integrated assessment of the overall state of activation of the
inflammatory system. A growing body of studies suggests that
elevations in CRP levels detected by the high sensitivity assay
predict a poor cardiovascular prognosis. The five available
studies of CRP found no effect with fish oil supplementation
or dietary fish.

Thrombosis plays an important role in atherosclerosis and
CVD. There are numerous measurable factors to assess clotting
potential. Of these, we analyzed fibrinogen, a liver protein
necessary for clotting that has been found to be both increased
in patients with ischemic heart disease and a predictor of
cardiovascular events; factors VII, VIII, and vWE important
factors in the extrinsic coagulation system; and in vitro platelet
aggregation. No consistent effect was found among the 24
randomized trials (among 59 available studies) of fibrinogen
with data on at least 15 subjects in parallel trials and 10
subjects in crossover trials who consumed omega-3 fatty acids.
Nor was a consistent effect found among the 19 randomized
trials of factor VII with at least 15 subjects in parallel trials and
10 subjects in crossover trials who consumed omega-3 fatty
acids, or the five available randomized trials of factor VIII. The
nine available randomized trials of vWF mostly found a small,
non-significant decrease in level with omega-3 fatty acid
consumption. The results among the 11 analyzed studies of



platelet aggregation were heterogeneous depending on
aggregating agent, dose of agent, and measurement metric used,
however, in most studies no effect was found with omega-3
fatty acid intake. We found 84 studies that met eligibility
criteria and reported data on the effect of omega-3 fatty acids
on platelet aggregation. Of these, we analyzed the randomized
trials with data on at least 15 subjects in parallel trials and 10
subjects in crossover trials who consumed omega-3 fatty acids
and that also reported platelet aggregation in tabular or text
format. Studies that presented platelet aggregation data in
graphical format only were not analyzed.

Coronary Artery Restenosis

We performed a meta-analysis of the 12 randomized trials
that reported restenosis rates after coronary angioplasty. All 12
trials evaluated fish oils. We found heterogeneity of results
across studies but an overall trend toward a net reduction of
relative risk of 14 percent with fish oil intake. Two studies
reported no significant difference in effect in men and women.
Five additional non-randomized studies were not analyzed.

Carotid Artery Intima-Media Thickness

The four available studies of carotid IMT were
heterogeneous. The randomized trial found no effect of fish oil,
but two cross-sectional studies found that dietary omega-3 fatty
acid was correlated with thinner IMT. The cohort study of
plant oil margarine was inconclusive.

Exercise Tolerance Testing

The six available studies of exercise tolerance testing suggest
that fish oil consumption may benefit exercise capacity among

patients with coronary artery disease, although the effect may
be small.

Heart Rate Variability

Three analyses of two study populations of heart rate
variability concluded that fish oil supplementation among
patients with recent myocardial infarction and dietary fish
consumption in healthy people improves heart rate variability,
which may reduce the incidence of ventricular arrhythmias.
However, fish oil supplementation did not improve heart rate
variability in the same healthy population.

Correlation of Intake of Omega-3 Fatty Acids
With Tissue Levels

Meta-regression revealed direct relationships between dose of
consumed omega-3 fatty acids and changes in levels of EPA
and DHA, either as plasma or serum phospholipids, platelet
phospholipids, or erythrocyte membranes. Among the 60
studies analyzed for other outcomes that reported data on
percent phospholipid levels, we analyzed the 30 randomized
trials with data on at least 25 subjects in parallel trials and 20
subjects in crossover trials who consumed omega-3 fatty acids.

The correlation between dose and change in level appears to be
fairly uniform, where 1 g supplementation of EPA and/or
DHA corresponds to approximately a one percent increase in
EPA+DHA level. Granulocyte and monocyte membrane
phospholipid levels also increased after omega-3 fatty acid
supplementation in individual studies.

Discussion

Overall, there is strong evidence that fish oils have a strong
beneficial effect on Tg that is dose-dependent and similar in
various populations. There is also evidence of a very small
beneficial effect of fish oils on blood pressure and possible
beneficial effects on coronary artery restenosis after angioplasty,
exercise capacity in patients with coronary atherosclerosis, and
possibly heart rate variability, particularly in patients with
recent myocardial infarctions. No consistent beneficial effect is
apparent for other analyzed CVD risk factors or intermediate
markers. However, there is also no consistent evidence of a
detrimental effect of omega-3 fatty acids on glucose tolerance.
The correlation between intake of omega-3 fatty acids and
tissue levels is fairly uniform in different measured tissues.

There are little available data, however, on how the effect of
omega-3 fatty acids on CVD risk factors and intermediate
markers may differ depending on people’s underlying
conditions and risk of CVD, amount of omega-3 fatty acid
consumed, duration of consumption, or source or type of
omega-3 fatty acids. In particular, few studies analyzed data
based on CVD risk or compared doses or types of omega-3
fatty acids. Thus, conclusions regarding these areas are all weak
and based on limited data. With the exceptions of studies
confined to men or to specific populations of interest (e.g.,
diabetics), studies generally did not base eligibility criteria on
factors of particular interest here. Most conclusions that we
were able to draw were based on across-study comparisons
(particularly for different populations), which cannot account
for confounders. Furthermore, the potential effect of ALA is
unknown.

Our analyses were further limited by factors inherent to
evaluation of CVD risk factors and intermediate markers.
While some of these markers have indeed been demonstrated
to be important markers or risk factors for CVD, it is unclear
whether all of the factors are. The measurement techniques for
a number of the outcomes evaluated also have not been
standardized, which complicates interpretation of individual
study findings and limits the ability to compare studies. Thus,
the meaning in terms of CVD risk of omega-3 fatty acids on
various putative risk factors and intermediate outcomes is
uncertain.

Given the limitations of the current evidence, we have
several recommendations for future research. Future studies on
CVD risk factors and intermediate outcomes should address
the questions of possible different effects of omega-3 fatty acids



in different sub-populations and different effects related to
different covariates, including dose and duration of intake.
More multi-center trials are needed to assess the effect of ALA,
independent of EPA+DHA, on CVD risk factors and
intermediate outcomes. Additional research is needed to clarify
the effect of omega-3 fatty acids on markers of glucose
tolerance. The omega-6/omega-3 ratio of subjects’ total diet
(including supplements) should be estimated, reported, and
analyzed for its effect on outcomes. Attempts should be made
to determine the effect of higher fish intake on the
consumption of other foods in the diet, specifically meat and
cheese (sources of saturated fat). Future prospective cohort
studies and diet trials on fish consumption should pay special
attention to collecting data with regard to fish consumed,

including the type of fish 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 Tufts-New England Medical Center
Evidence-based Practice Center, Boston, MA, under Contract
No. 290-02-0022. It is expected to be available in March 2004.
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. 93, Effects of Omega-3
Farty Acids on Cardiovascular Risk Factors and Intermediate
Markers of Cardiovascular Disease. 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 evidence report is 1 of 3 reports prepared by the Tufts-New England Medical Center
(TuftssNEMC) Evidence-based Practice Center (EPC) concerning the health benefits of omega-3
fatty acids on cardiovascular diseases (CVD). These reports are among several that address
topics related to omega- 3 fatty acids, and that were requested and funded by the Office of
Dietary Supplements, National Institutes of Health, through the EPC program at the Agency for
Healthcare Research and Quality (AHRQ). Three EPCs - the TuftssNEMC EPC, the Southern
California EPC-RAND, and the University of Ottawa EPC - each produced evidence reports. To
ensure consistency of approach, the 3 EPCs collaborated on selected methodol ogical elements,
including literature search strategies, rating of evidence, and data table design.

The aim of the reports is to summarize the current evidence on the health effects of omega-3
fatty acids (eicosapentaenoic acid [EPA; chemical abbreviation: 20:5 n3], docosahexaenoic acid
[DHA; 22:6 n-3], dpha-linolenic acid [ALA, 18:3 n-3], and docosapentaenoic acid [DPA, 22:5
n-3]) on the following: CVD, cancer, child and maternal health, eye health, gastrointestinal/renal
diseases, asthma, autoimmune diseases, immune- mediated diseases, 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 reportswill aso be used to help define the agenda for future
research.

The focus of this report is on CVD risk factors and intermediate markers of CVD in humans.
The other 2 reports by the Tufts NEMC EPC focus on CVD outcomes in humans and on
arrhythmic electrophysiology in animal and in-vitro studies. In this chapter, the metabolism,
physiological functions, and the sources of omega-3 fatty acids are briefly discussed.
Subsequent chapters describe the methods used to identify and review studies related to omega-3
fatty acidsand CVD - including the analytic framework for this report, findings related to the
effects of omega-3 fatty acids on cardiovascular conditions, and recommendations for future
research in this area.

Background

Metabolism and Biological Effects of Essential Fatty Acids

Dietary fat is an important source of energy for biological activities in human beings. Dietary
fat encompasses saturated fatty acids, which are usually solid at room temperature, and
unsaturated fatty acids, which are liquid at room temperature. Unsaturated fatty acids can be
further divided into monounsaturated and polyunsaturated fatty acids. Polyunsaturated fatty acids
can be classified on the basis of their chemical structure into two groups. omega-3 (n-3) fatty
acids and omega-6 (n-6) fatty acids. The omega-3 or n-3 notation means that the first double
bond from the methyl end of the molecule is in the third. The same principle applies to the
omega-6 or n-6 notation. Despite their differences in structure, all fats contain the same amount
of energy (9 kcal/g or 37 kJ/g).

Of all fats found in food, 2— ALA and linoleic acid (LA, 18:2 n-6) — cannot be synthesized
in the human body, yet are necessary for proper physiological functioning. These 2 fats are



called essential fatty acids. The essential fatty acids can be converted in the liver to long-chain
polyunsaturated fatty acids, which have a higher number of carbon atoms and double bonds.
These long-chain polyunsaturated fatty acids retain the omega type (n-3 or n-6) of the parent
essential fatty acids.

ALA and LA comprise the bulk of the total polyunsaturated fatty acids consumed in atypical
North American diet. Typically, LA comprises 89% of the total polyunsaturated fatty acids
consumed, while ALA comprises 9%. Siraller amounts of other polyunsaturated fatty acids
make up the remainder *. Both ALA and LA are present in avariety of foods. For example, LA is
present in high concentrations in many commonly used oils, including safflower, sunflower, soy,
and corn oil. ALA, which is consumed in smaller quantities, is present in leafy green vegetables
and in some commonly used ails, including canola and soybean oil. Some novelty ails, such as
flaxseed ail, contain relatively high concentrations of ALA, but these oils are not commonly
found in the food supply.

The Institute of Medicine suggests that, for adults 19 and older, an adequate intake (Al) of
ALA is 1.1-1.6 g/day, while an adequate daily intake of LA is 11-17 g/day 2. Recommendations
regarding Al differ by age and gender groups, and for specia conditions such as pregnancy and
lactation.

As shown in Figure 1.1, EPA and DHA can act as competitors for the same metabolic
pathways as AA. In human studies, the analyses of fatty-acid compositions in both blood
phospholipids and adipose tissue showed similar competitive relationship between omega-3
long-chain polyunsaturated fatty acids and AA. General scientific agreement supports an
increased consumption of omega-3 fatty acids and reduced intake of omega-6 fatty acidsto
promote good health. However, for omega-3 fatty acid intakes, the specific quantitative
recommendations vary widely among countries not only in terms of different units — ratio,
grams, total energy intake — but also in quantity 3. Furthermore, there remain numerous
guestions relating to the inherent complexities about omega-3 and omega-6 fatty acid
metabolism, in particular regarding the inter-relationships between the 2 fatty acids. For
example, it remains unclear to what extend ALA is converted to EPA and DHA in humans, and
to what extend high intake of omega-6 fatty acids compromises any benefits of omega- 3 fatty
acid consumption. Without resolution of these 2 foundational questions, it remains difficult to
study the importance of omega-6 to omega- 3 fatty acid ratio.

Metabolic Pathways of Omega-3 and Omega-6 Fatty Acids

Omega-3 and omega-6 fatty acids share the same pools of enzymes and go through the same
oxidation pathways while being metabolized (Figure 1.1). Once ingested, ALA and LA can be
elongated and desaturated into long-chain polyunsaturated fatty acids. LA is converted into
gamma linolenic acid (GLA, 18:3 n-6), an omega-6 fatty acid that is a positional isomer of ALA.
GLA, in turn, can be converted to the long-chain omega-6 fatty acid, arachidonic acid (AA, 20:4
n-6). ALA can be converted, to alesser extent, to the long-chain omega- 3 fatty acids, EPA and
DHA. However, the conversion from parent fatty acids into long-chain polyunsaturated fatty
acids occurs slowly in humans, and conversion rates are not well understood. Because of the
dow rate of conversion and the importance of long-chain polyunsaturated fatty acids to many
physiological processes, humans must augment their level of long-chain polyunsaturated fatty
acids by consuming foods that are rich in these important compounds. Mest is the primary food
source of AA, while fish is the primary food source of EPA.



The specific biological functions of fatty acids depend on the number and position of double
bonds and the Iength of the acyl chain. Both EPA and AA are 20-carbon faity acids and are
precursors for the formation of prostaglandins, thromboxane, and leukotrienes — hormone-like
agents that are members of a larger family of substances called eicosanoids. Eicosanoids are
localized tissue hormones that seem to be one of the fundamental regulatory classes of molecules
in most higher forms of life. They do not travel in the blood, but are created in the cellsto
regulate a large number of processes, including the movement of calcium and other substances
into and out of cells, dilation 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 “.

As shown in Figure 1.1, the long-chain omega-6 fatty acid, AA, is the precursor of a group of
eicosanoids including series-2 prostaglandins and series-4 leukotrienes. The omega-3 fatty acid,
EPA, is the precursor to a group of eicosanoids including series-3 prostaglandins and series-5
leukotrienes. The series-2 prostaglandins and series-4 leukotrienes derived from AA are involved
in intense actions (such as accelerating platel et aggregation and enhancing vasoconstriction and
the synthesis of inflammatory mediators) in response to physiological stressors. The series-3
prostaglandins and series-5 leukotrienes that are derived from EPA are less physiologically
potent than those derived from AA. More specifically, the series-3 prostaglandins are formed at a
slower rate and work to attenuate excessive series-2 prostaglandins. Thus, adequate production
of the series-3 prostaglandins, which are derived from the omega-3 fatty acid, EPA, may protect
against heart attack and stroke as well as certain inflammatory diseases like arthritis, lupus, and
asthma®. In addition, animal studies, have demonstrated that omega-3 fatty acids, such as EPA
and DHA, engage in multiple cytoprotective activities that may contribute to antiarrhythmic
mechanisms °. Arrhythmias are acommon cause of “sudden death” in heart disease.

In addition to affecting eicosanoid production as described above, EPA aso affects
lipoprotein metabolism and decreases the production of other compounds - including cytokines,
interleukin 113 (IL), and tumor necrosis factor a (TNF-a) - that have pro-inflammatory effects.
These compounds exert pro-inflammatory cellular actions that include stimulating the production
of collagenases and increasing the expression of adhesion molecules necessary for leukocyte
extravasation °. The mechanism responsible for the suppression of cytokine productionby
omega- 3 fatty acids remains unknown, although suppression of elcosanoid production by omega-
3 fatty acids may be involved. EPA can also be converted into the longer chain omega-3 form of
DPA, and then further elongated and oxygenated into DHA. EPA and DHA are frequently
referred to as very long chain omega- 3 fatty acids. DHA, which is thought to be important for
brain development and functioning, is present in significant amounts in a variety of food
products, including fish, fish liver ails, fish eggs, and organ meats. Similarly, AA can convert
into an omega-6 form of DPA. Studies have reported that omega- 3 fatty acids decrease
triglycerides (Tg) and very low density lipoprotein (VLDL) in hypertriglyceridemic subjects,
with a concomitant increase in high density lipoprotein (HDL). However, they appear to increase
or have no effect on low density lipoprotein (LDL). Omega-3 fatty acids apparently lower Tg by
inhibiting VLDL and apolipoprotein B-100 synthesis and decreasing post-prandial lipemia ’.
Omega-3 fatty acids, in conjunction with transcription factors (small proteins that bind to the
regulatory domains of genes), target the genes governing cellular Tg production and those
activating oxidation of excess fatty acids in the liver. Inhibition of fatty acid synthesis and
increased fatty acid catabolism reduce the amount of substrate available for Tg production &.



As noted earlier, omega-6 fatty acids are consumed in larger quantities (>10 times) than
omega-3 fatty acids. Maintaining a sufficient intake of omega-3 fatty acidsis particularly
important since many of the body’ s physiologic properties depend upon their availability and
metabolism.



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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Population Intake of Omega-3 Fatty Acids in the United States

The mgor source of omega-3 fatty acids is dietary intake of fish, fish ail, vegetable oils
(principally canola and soybean), some nuts including walnuts, and dietary supplements. Two
population-based surveys, the third National Health and Nutrition Examination (NHANES I11)
1988-94 and the Cortinuing Food Survey of Intakes by Individuals 1994-98 (CSFII) surveys, are
the main source of dietary intake data for the U.S. population. NHANES 111 collected
information on the U.S. population aged =2 months. Mexican Americans and non-Hispanic
AfricanrAmericans, children =5 years old, and adults = 60 years old 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. Complete descriptions of the methods used and fuller analyses are available in the
report Effects of Omega-3 Fatty Acids on Cardiovascular Disease, under “Methods: Method to
Assess the Dietary Intake of Omega- 3 Fatty Acids in the US population” and “ Results:
Population Intake of Omega- 3 Fatty Acidsin the United States’. CSFII 1994-96, popularly
known as the What We Eat in America survey, addressed the requirements of the National
Nutrition Monitoring and Related Research Act of 1990 (Public Law 101-445) for continuous
monitoring of the dietary status of the American population. In CSFII 1994-96, an improved
data-collection method known as the multiple-pass approach for the 24-hour recall was used.
Given the large variation in intake from day-to-day, multiple 24-hours recalls are considered to
be the best suited for most nutrition monitoring and will produce stable estimates of mean
nutrient intakes from groups of individuals °. In 1998, the Supplemental Children’s Survey, a
survey of food and nutrient intake by children under age of 10, was conducted as the supplement
to the CSFIl 1994-96. The CSFII 1994-96, 1998 surveyed 20,607 people of all ages with over-
sampling of lowincome population (<130% of the poverty threshold). Dietary intake data by
individuals of all ages were collected over 2 nonconsecutive days by use of two 1-day dietary
recalls.

Table 1.1 reports the NHANES 111 survey mean intake + the standard error of the mean
(SEM), as well as, the median and range for each omega-3 fatty acid. Distributions of EPA,
DPA, and DHA were very skewed; therefore, the means and standard errors of the means should
be used and interpreted with caution. Table 1.2 reports the CSFII survey mean and median
intakes for each omega-3 fatty acid, along with SEMs, as reported in Dietary Reference Intakes
by the Institute of Medicine 2.

Table 1.1 Estimates of the meantstandard error of the mean (SEM) intake of linoleic acid (LA), alpha-
linolenic acid (ALA), eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA) in the United States
population, based on analyses of a single 24-hour dietary recall of NHANES Il data

Grams/day % Kcal/day
Mean+SEM Median (range) ? Mean+SEM Median (range) ?
LA (18:2 n-6) 14.130.2 9.9 (0-168) 5.79:0.05 5.30 (0- 39.4)
ALA (18:3 n-3) 1.33+0.02 0.90 (0-17) 0.55+0.004 0.48 (0 - 4.98)
EPA (205 n-3) 0.04+0.003 0.00 (0- 4.1) 0.02+0.001 0.00 (0-0.61)
DHA (22:6 n-3) 0.07+0.004 0.00 (0 - 7.8) 0.03+0.002 0.00 (0 -2.86)

a Thedistributions are not adjusted for the over-sampling of Mexican Americans, non-Hispanic African-Americans, children
=5 yearsold, and adults = 60 years old in the NHANES |11 dataset.




Table 1.2 Mean, range, median, and standard error of the mean (SEM) of usual daily intakes of linoleic acid
(LA), total omega-3 fatty acids (n-3 FA), alpha-linolenic acid (ALA), eicosapentaenoic acid (EPA),
docosapentaenoic acid (DPA) and docosahexaenoic acid (DHA) in the US population, based on CSFIl data
(1994-1996, 1998)

Grams/day

Mean+SEM Median+SEM
LA (18:2 n-6) 13.0+0.1 12.0+0.1
Total n-3 FA 1.40+0.01 1.30+0.01
ALA (18:3n-3) 1.30+0.01 1.21+0.01
EPA (20:5 n-3) 0.028 0.004
DPA (22:5n-3) 0.013 0.005
DHA (22:6 n-3) 0.057+0.018 0.046+0.013

Dietary Sources of Omega-3 Fatty Acids

Omega- 3 fatty acids can be found in many different sources of food, including fish, shellfish,
some nuts, and various plant oils. Table 1.3 lists the amount of omega- 3 fatty acids in some
commonly consumed fish, shellfish, nuts, and edible oils, selected from the USDA website
http://www.nal .usda.gov/fnic/foodcomp (accessed November 3, 2003; Finfish and Shellfish
Products: sr16fgl15.pdf; Fats and Oils: sr16fg04.pdf; and Nut and Seed Products: sr16fg12.pdf) °

Relationship of Dietary Fat and Cardiovascular Disease

Numerous studies have examined the relationship between dietary fat and CVD. Early
epidemiology studies noted very low cardiovascular mortality among the Greenland Inuit as
compared to mainland Danes, even though both had very high fat diets 2. Studies in other
populations with high fish intake, including South Pacific Islanders, Japanese, and people from
the Mediterranean region, also generally found alow prevalence of CVD despite a prevalence of
other risk factors, such as hypertension, similar to that found in other populations **. However,
some epidemiological studies reached the opposite conclusion. The Seven Countries Study, for
example, found that coronary heart disease mortality wes highest in Eastern Finland, where
average fish intake was 60 g per day *°. This finding may in part be due to a positive association
between fish consumption and both cigarette smoking and cholesterol levelsin Finland; an
association not seen in other countries.

The apparent paradox of low levels of CVD in people with high fat diets was explained by
the high consumption of marine sources of very long chain, highly polyunsaturated omega-3
fatty acids *°. Since these early studies, hundreds of observational and clinical trials have been
conducted to analyze the effect of both marine and plant sources of omega-3 fatty acids on CVD
and awide range of CVD risk factors and intermediate markers of CVD, and to define and
explain the potential benefits of increased intake of the omega-3 fatty acids.



Omega-3 Fatty Acids and
Cardiovascular Disease Risk Factors

A large number of putative risk factors for and intermediate markers of CVD exist, including
markers for different aspects of CVD, markers for risk factors of CVD, and markers for other
factors related to cardiovascular health. However, the relationship between most of these
laboratory measurements and diagnostic tests and aspects of atherosclerosis such as
inflammation, are generally unproven. The relationships between these factors and actual clinical
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Table 1.3 The omega-3 fatty acid content, in grams per 100 g food serving, of a representative sample of
commonly consumed fish, shellfish, and fish oils, and nuts and seeds, and plant oils that contain at least 5 g
omega-3 fatty acids per 100 g (from USDA website http://www.nal.usda.gov/fnic/foodcomp, 2003).

Food item EPA DHA ALA | Food item EPA DHA ALA
Fish (Raw %) Fish, continued

Anchovy, European

Bass, Freshwater, Mixed Sp.
Bass, Striped

Bluefish

Carp

Catfish, Channel

Cod, Atlantic

Cod, Pacific

Eel, Mixed Sp.

Flounder & Sole Sp.
Grouper, Mixed Sp.
Haddock

Halibut, Atlantic and Pacific
Halibut, Greenland
Herring, Atlantic

Herring, Pacific

Mackerel, Atlantic
Mackerel, Pacific and Jack
Mullet, Striped

Ocean Perch, Atlantic
Pike, Northern

Pike, Walleye

Pollock, Atlantic

Pompano, Florida
Roughy, Orange

Salmon, Atlantic, Farmed
Salmon, Atlantic, Wild
Salmon, Chinook

Salmon, Chinook, Smoked b
Salmon, Chum

Salmon, Coho, Farmed
Salmon, Coho, Wild
Salmon, Pink

Salmon, Pink, Canned °
Salmon, Sockeye

Sardine, Atlantic, Canned in Oil d
Seabass, Mixed Sp.
Seatrout, Mixed Sp.

Shad, American

Shark, Mixed Sp.
Snapper, Mixed Sp.
Swordfish

Trout, Mixed Sp.

Trout, Rainbow, Farmed
Trout, Rainbow, Wild
Tuna, Fresh, Bluefin
Tuna, Fresh, Skipjack

0.6
0.2
0.2
0.2
0.2
trace
trace
trace
trace
trace
trace
trace
trace
0.5
0.7
1.0
0.9
0.6
0.2
trace
trace
trace
trace
0.2
trace
0.6
0.3
1.0
0.2
0.2
0.4
0.4
0.4
0.9
0.6
0.5
0.2
0.2
11
0.3
trace
0.1
0.2
0.3
0.2
0.3
trace

0.9
0.4
0.6
0.5
0.1
0.2
0.1
0.1
trace
0.1
0.2
0.1
0.3
0.4
0.9
0.7
14
0.9
0.1
0.2
trace
0.2
0.4
0.4
1.3
11
0.9
0.3
0.4
0.8
0.7
0.6
0.8
0.7
0.5
0.4
0.2
13
0.5
0.3
0.5
0.5
0.7
0.4
0.9
0.2

0.1
trace
0.3
0.1
trace
trace
0.4
trace
trace
trace
trace
trace
0.1
trace
0.2
trace
trace
trace
trace
trace

trace

trace
0.3

trace

trace
trace
0.2
trace
trace
trace
05

trace
0.2
trace
trace
0.2
0.2
trace
0.1

Tuna, Fresh, Yellowfin

Tuna, Light, Canned in Oil ©
Tuna, Light, Canned in Water ©
Tuna, White, Canned in Oil ©
Tuna, White, Canned in Water °
Whitefish, Mixed Sp.

Whitefish, Mixed Sp., Smoked
Wolffish, Atlantic

Shellfish (Raw)
Abalone, Mixed Sp.

Clam, Mixed Sp.

Crab, Blue

Crayfish, Mixed Sp., Farmed
Lobster, Northern
Mussel, Blue

Oyster, Eastern, Farmed
Oyster, Eastern, Wild
Oyster, Pacific

Scallop, Mixed Sp.
Shrimp, Mixed Sp.
Squid, Mixed Sp.

Fish Oils

Cod Liver QOil
Herring Oil
Menhaden Oil
Salmon Qil
Sardine Oil

Nuts and Seeds
Butternuts, Dried
Flaxseed

Walnuts, English

Plant QOils

Canola (Rapeseed)
Flaxseed Oil
Soybean Lecithin Oil
Soybean Oil

Walnut Oil
Wheatgerm Oil

trace
trace
trace
trace
0.2
0.3
trace
0.4

trace
trace
0.2
trace
0.2
0.2
0.3
0.4
trace
0.3
0.1

6.9
6.3
13.2
13.0
10.1

0.2
0.1
0.2
0.2
0.6
0.9
0.2
0.3

trace
0.2
0.1

11.0
4.2
8.6

18.2

10.7

trace
trace
trace
0.2
trace
0.2

trace

trace

trace
trace
trace
trace
trace
trace
trace

0.9
0.8
15
11
13

8.7
18.1
9.1

9.3
53.3
51
6.8
104
6.9

trace = <0.1; - = 0 or no data; Sp. = species.

Except as indicated.

Lox.

Solids with bone and liquid.
Drained solids with bone.
Drained solids.

O Q0O To®
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disease and events are generaly even more theoretical. Nevertheless, as the science of
atherosclerosis advances, our understanding of these relationships is improving.

Several measurable factors are generally well accepted to be associated with risk of CVD.
These include serum lipoproteins, blood pressure, diabetes mellitus, and related metabolic
disorders. Improvement or suppression of these factors has been shown to reduce the risk of
CVD. Inflammation is becoming accepted as a cause of atherogenesis, although potential
treatments have yet to show reduction of cardiovascular events. Thrombosis and oxidation (free
radicals) are also involved in atherogenesis, although their effect on the risk of CVD isless clear
(except in people with specific hypercoagul able conditions). Several cardiovascular processes
are also risk factors for cardiovascular events. These include atherogenesis, vascular dysfunction,
arrhythmias, and cardiac dysfunction among others. These processes generally do not cause
symptoms until they are fairly advanced. They may aso be reversed, thus potentially reducing
cardiovascular morbidity and mortality.

Both in trials and in patient care, surrogate markers for disease or risk of disease are useful
measures for tracking people's health. Understanding how omega-3 fatty acids affect these
various intermediate markers of CVD can help efforts to explain how omega-3 fatty acids affect
clinical CvD. Understanding the relationship between omega-3 fatty acids and intermediate
markers would also be helpful in determining who could most benefit (or could be most harmed)
from adjusting omega- 3 fatty acid intake, and would help efforts to track their effect on
cardiovascular risk factors. The following sections briefly summarize the relationship between
omega- 3 fatty acids and selected risk factors for and intermediate markers of CVD.

Improvement of Lipoproteins

Elevated serum low density lipoprotein (LDL) and depressed high density lipoprotein (HDL),
especially when accompanied by elevated triglycerides (Tg), are well-known risk factors for
CVD. Studies have reported that omega-3 fatty acids decrease Tg and very low density
lipoprotein (VLDL) in hypertriglyceridemic subjects, with a concomitant increase in HDL.
However, they appear to increase or have no effect on LDL. Omega- 3 fatty acids apparently
lower Tg by inhibiti ng VLDL and apolipoprotein B-100 (apo B-100) synthesis and decreasing
post-prandia lipemia ‘. Omega-3 fatty acids, in conjunction with transcription factors (small
proteins that bind to the regulatory domains of genes), target the genes governing cellular Tg
production and those activating oxidation of excess fatty acids in the liver. Inhibition of fatty
acid synthesis and increased fatty acid catabolism reduce the amount of substrate available for
Tg production &.

Numerous other lipids and associated proteins are involved in lipid metabolism and thus
possibly in atherogenesis and CVD; although they are less commonly measured. These include,
among others, lipoprotein (a) [Lp(a)]; apolipoproteins (apo) A-1, B-48, B-100, C-111; and free
fatty acids.

Reduction of Thrombosis
Blockage of coronary, cerebral and peripheral vessels due to thrombosisis a leading cause of
CVD. Omega-3 fatty acids affect the clotting system in a number of ways. EPA competes with

AA for the cyclo-oxygenase enzyme, thus reducing thromboxane A, (TX), athrombotic agent.
DHA may further inhibit cyclo-oxygenase *”. Omega-3 fatty acids also inhibit TXB, production,
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platelet aggregation, and platelet adhesion, although much less so than aspirin. Omega- 3 fatty
acids also lead to endothelial formation of prostaglandin 15 (PG), PG, and nitrous oxide, all of
which reduce vasoconstriction 1”8, However, knowledge about the role of omega-3 fatty acids
on coagulation factors and fibrinolysis is incomplete.

Many markers of coagulability exist, including the numerous factors involved in the clotting
cascade, homocysteine, bleeding time, and platelet aggregation. Except among people with
specific hypercoagul able conditions, it is not clear that any of these measures, among others, are
predictive of CVD or that modification of their levels modifies risk of CVD.

Reduction of Inflammation, Atherogenesis, and Leukocyte Activity

Awareness of the effect of inflammation on atherogenesis (atheromatous plaque formation)
and the risk of cardiovascular events isincreasing. Leukocytes (white blood cells) are the blood
cells that respond to injury or infection with a protective inflammatory response and an immune
response. However, leukocytes are prominent cells in the atheromatous plagque in major blood
vessels, which suggests that early plague formation has an inflammatory component. PGE, and
leukotriene B, (LT) have pro-inflammatory biological actions, and together they can cause
vascular leakage and extravasation of fluid. The omega-6 fatty acid, AA, is the progenitor of
both PGE2 and L TB4 via the cyclo-oxygenase and 5- lipo-oxygenase enzymatic pathways,
respectively. EPA is the omega-3 homologue of AA; the 2 fatty acids differ only in that EPA has
1 additional double bond at the third carbon. EPA can thus inhibit AA metabolism competitively
viathe enzymatic pathways and can suppress production of the omega-6 fatty acid eicosanoid
inflammatory mediators. Although EPA promotes the formation of PGE3 and LTBS5, these
eicosanoids are far less active as pro-inflammatory agents than the corresponding derivatives of
AA 8. Furthermore, other pro-inflanmatory factors, such as IL-1R8 and TNF-a, can be suppressed
by the effect of long-chain polyunsaturated fatty acids on lipoprotein metabolism ©.

C-reactive protein (CRP) is a well-described marker of inflammation and rises in response to
injury, infection, and other inflammatory stimuli. I n patients with either angina or risk factors for
atherosclerosis, increased CRP has been associated with increased relative risk of nonfatal
myocardial infarction and overall cardiovascular mortality °. It is unclear whether reduction in
CRP would result in reduced risk of CVD. Trials commonly measure other inflammatory
markers including IL-6 and vascular cell adhesion molecule 1 (VCAM-1). Lessis known about
their association with CVD.

Reduction of Arrhythmia

Cardiac arrhythmias can be fatal, causing sudden death, or can result in stroke, myocardial
infarction, congestive heart failure, and peripheral embolisms, among other types of CVD.
Animal studies have shown that fatal ventricular fibrillation could be essentialy abolished by
high-level feeding with omega-3 fatty acids >°. Omega-3 fatty acids appear to act in multiple
ways to prevent arrhythmias. Various animal and in vitro experiments have shown that omega-3
fatty acids directly modulate sodium, potassium, and calcium channels 2. By incorporating into
cell membrane phospholipids, the excitation-contraction coupling that can result in arrhythmiais
reduced 2. Omega-3 fatty acids also modulate various intracellular enzymes involved in
controlling the contraction and relaxation cycles of myocytes 2. EPA and DHA also affect
adrenoceptors, membrane proteins whose function in the heart is to transmit the neuroendocrine
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message of the catecholamines (adrenaline and its derivatives) 4. The activity of DHA is thus
similar in principle to that of 3-blockers, a group of key cardiovascular drugs used to decrease
the cardiac effects of catecholamines. Omega-3 long-chain polyunsaturated fatty acids also
appear to act similarly to another group of cardiovascular drugs, calcium channel blockers, by
increasing intracellular calcium sequestration and interfering with receptor-operated calcium
channels, thus lowering calcium influx 22. The effect of omega-3 fatty acids on prostanoids and
leukotrienes also theoretically reduces the arrhythmia potential of cardiac myocytes.

Therisk of ventricular arrhythmiais most commonly measured by 24 hour ambulatory
electrocardiography recordings, in which a continuous electrocardiogram (ECG) is taken for
generaly 24 hours. Various measures of heart rate variability are calculated, primarily based on
the standard deviation (SD) of the duration of time between heart beats. Other common ECG
measurements are also followed as indicators or risk of arrhythmia or cardiac ischemia

Blood Pressure

Hypertension is well recognized as one of the leading causes of CVD. The recent Joint
Nationa Committee report (JNC 7) emphasizes the risks of blood pressure that is even dightly
elevated above 120/80 mm Hg ?°. Lifestyle modification, including reduction of sodium and
alcohal intake, weight loss, diets high in fruits and vegetables and low-fat dairy products, and
exercise has been shown to reduce blood pressure, often as much as medication use. Early
investigations into the way in which fatty fish consumption may lower CVD found that omega-3
fatty acids possibly reduce blood pressure °. While the mechanisms for such an effect remain
uncertain, the most compelling hypothesisis that by altering the balance between
vasoconstrictive TXA2 and vasodilatory PGI3, as described in the section on inflammation,
overall blood vessel capacitance increases and thus blood pressure falls?”. However, the baseline
balance of vasoactive and regulatory hormones may be atered in people with frank hypertension
or other types of CVD The question thus arises whether the effect of omega- 3 intake on blood
pressure is atered in people with hypertension.

Diabetes

Although long-chain omega-3 fatty acids appear to have an overall beneficia effect on CVD,
their effect on glucose homeostasis is less clear. Omega-3 fatty acids may, in fact, have a
detrimental effect on glucose tolerance 8. Theoretical benefits of omega-3 fatty acids to diabetic
management include reducing Tg, incr 'né; HDL, increasing glucose-induced insulin secretion,
and possibly lowering insulin resistance 2%°. However, omega-3 fatty acids may worsen glucose
tolerance in patients with clear cut diabetes and may, in fact, worsen insulin resistance 2.

Thus, important questions relate to the level of markers of glucose tolerance, such as fasting
blood glucose (FBS), glycohemoglobin or hemoglobin Aic (Hgb Asc), and faging insulin levels,
in people with both diabetes and insulin resistance and people without glucose tolerance
impairment.

Cardiovascular Diagnostic Tests

The metabolic effects of omega-3 fatty acids on lipoproteins, thrombosis, inflammeation,
arrhythmia and blood pressure all have potential effects on blood vessels and the heart, which
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eventually can lead to clinical CVD. In addition, there are numerous diagnostic tests of
cardiovascular health that are known to be predictive of future cardiovascular events both in
people with and without a known history of CVD. Improvements in these diagnostic tests are
commonly used as indicators of effective prophylaxis or treatment.

Among the tests of vascular health that have been assessed in omega-3 fatty acid trials are
coronary arteriography (to measure coronary vessel stenosis), carotid intima-media thickness
(IMT, which measures the thickness of the carotid artery wall, a measure of atherosclerosis),
carotid Doppler ultrasonography or magnetic resonance arteriography (to measure carotid and
extra-carotid stenosis), ankle brachial index (to measure peripheral blood flow), and
endothelium-dependent vasorelaxation (an invasive or minimally invasive test of endothelial
function). Other useful diagnostic tests measure heart function, including the exercise tolerance
test (treadmill or stress test) and cardiac ultrasonography (which measures heart wall, chamber
and valve structure and function).

Association of Omega-3 Fatty Acid Intake
and Tissue Levels

The fatty acid composition of the cell membrane is a dynamic system, and the regulatory
mechanisms are not fully understood. Since omega-3 fatty acids cannot be synthesized in the
human body, the amount of total omega- 3 fatty acids stored in adipose tissue is believed to be
associated primarily with the amount of long-term omega-3 fatty acid dietary intake *°, while the
amount incorporated into red blood cell membrane phospholipids is believed to be associated
with short-term intake 3!. Studies have consistently shown that populations whose diets are rich
in fish (and thus omega- 3 fatty acids) have relatively high omega- 3 fatty acid content in plasma
phospholipids *23°. However, it remains less clear whether there is a reliable dose-response
correlation between dietary omega-3 fatty acid intake and fatty acid profiles of plasma
phospholipids, LDL fractions of serum phospholipids and cholesteryl esters, and blood cell
phospholipids *°. Further, the metabolism from ALA - the main source of dietary omega-3 fatty
acids - to its longer chain metabolites and then to eicosanoids is not well understood. Thus, the
association between fatty acid intake and measurable tissue levels is not straightforward. Further
complicating measurement estimates of total body stores of omega-3 fatty acidsisthat there are
numerous measurable levels, including cell membrane phospholipids and triglycerides from the 3
major blood cell lines (erythrocytes, leukocytes and platelets), plasmatriglycerides, plasma free
fatty acids, and adipose cells. In addition, there is continuous movement of fatty acids between
compartments, and each compartment incorporates fatty acids differently. As discussed above,
under Metabolic Pathways of Omega-3 and Omega-6 Fatty Acids, omega- 3 fatty acid
metabolism isin part dependent on omega-6 fatty acid levels, further confounding associations
between dietary intake and blood levels.
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Chapter 2. Methods

Overview

This evidence report on omega-3 fatty acids and CVD risk factors and intermediate markers
of cardiovascular disease (CVD) is based on a systematic review of the literature. To identify the
specific issues central to this report, the Tufts New England Medical Center (Tufts-NEMC)
Evidence-based Practice Center (EPC) held meetings and tel econferences with technical experts,
including a Technical Expert Panel (TEP) and members of the other EPCs that are reviewing
topics related to omega- 3 fatty acids. A comprehensive search of the medical literature was
conducted to identify studies addressing the key questions. Evidence tables of study
characteristics and results were compiled, and the methodological quality and applicability of the
studies were appraised. Study results were summarized with qualitative reviews of the evidence,
summary tables, and quantitative meta-analyses, as appropriate.

A number of individuals and groups supported the TuftssNEMC EPC in preparing this report.
The TEP served as our science partner. It engaged technical experts, representatives from the
Agency for Healthcare Research and Quality (AHRQ), and institutes at the National Institutes of
Health (NIH) to work with the EPC staff to refine key questions, identify important issues, and
define parameters to the report. Additional domain expertise was obtained through local
nutritionists who joined the EPC.

The Tufts NEMC EPC aso worked in conjunction with EPCs at the University of Ottawa
and at the Southern California EPC-RAND. Together, the 3 EPCs are mandated to produce
evidence reports on 10 topics related to omega- 3 fatty acids over a 2- year period. The 3 EPCs
coordinated activities with the goal of producing evidence reports of uniform format. Through
frequent teleconferences and email contact, approaches toward data presentation, summary and
evidence table layout, and study quality and applicability assessment were standardized. In
addition, literature searches for all evidence reports were performed by the UO EPC, using
identical search terms for studies of omega-3 fatty acids. The 3 EPCs agreed on a common
definition of omega- 3 fatty acids; however, some variation in definitions and study eligibility
criteriawere applied that reflected the different topics and key questions addressed. The studies
included are described below, under Full Article Inclusion Criteria

Accompanying reports on omega-3 fatty acids and cardiovascular outcomes, and on the
animal and in vitro evidence for the effect of omega- 3 fatty acids on cardiac electrogenesis, were
generated using similar techniques.

Key Questions Addressed in this Report

Four key questions are addressed in this report. Questions 1 and 2 (and their sub-questions)
both pertain to the effect of consumptionof omega-3 fatty acids (either as treatment or in the
diet) and both risk factors and intermediate outcomes. Question 3 pertains primarily to the effect
of modifiers on any effects or associations. Question 4 pertains to the association between
omega-3 fatty acid intake and tissue and plasma levels. The key questions and their related sub-
guestions are outlined in detail below.

Note: Appendixes and Evidence Tables cited in this report are provided electronically at
http://www.ahrg.gov/clinic/epcindex.htm
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Question 1. What isthe effect of omega-3 fatty acids (eicosapentaenoic acid [EPA; 20:5 n-3],
docosahexaenoic acid [DHA; 22:6 n-3], and alpha-linolenic acid [ALA, 18:3 n-3],
supplements, and fish consumption) on cardiovascular risk factors and intermediate markers
of cardiovascular disease?

What istheir effect on CVD risk factors and intermediate markers of CVD, specifically:

Serum lipids (total cholesterol, low density lipoprotein [LDL], high density
lipoprotein [HDL], and triglycerides [ Tq])

Other CVD risk factors and intermediate markers of CVD
What istheir effect on specific CVD risk factors, specifically:

new-onset Type Il diabetes mellitus (DM

new-onset insulin resistance/metabolic syndrome

progression of insulin resistance

new-onset hypertension

blood pressure among hypertensive patients

What is the relative effect of omega-3 fatty acids on different CVD risk factors and
intermediate markers of CVD?

Can the intermediate markers and risk factors for CVD be ordered by strength of
treatment effect of omega-3 fatty acids?

Isthere a threshold or doseresponse relationship between omega-3 fatty acids and
intermediate markers and risk factors for CvD?

How does the duration of intervention or exposure affect the treatment effect of omega-3 fatty
acids on intermediate markers and risk factors of CvD?

Are treatment effects of omega-3 fatty acids on CVD intermediate markers and risk factors
sustained after the intervention or exposure stops?

Question 2. Effect of different omega-3 fatty acids:
What is the effect of different specific omega-3 fatty acids (EPA, DHA, ALA), and different

ratios of omega-3 fatty acid components in dietary supplements, on CVD intermediate
markers and risk factors?
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How does the effect of omega-3 fatty acids on CVD intermediate markers and risk factors
differ by source (e.g., dietary fish, dietary oils, dietary plants, fish oil supplement, flax seed
supplement)?

Doesthe ratio of omega-6 fatty acid to omega-3 fatty acid intake affect the effect of omega-3
fatty acid intake on intermediate markers and risk factors of CVD?

Question 3. Sub-population analyses:

How does the effect of omega-3 fatty acids on intermediate markers and risk factors of CVD
differ in sub-populations including men, pre-menopausal women, post-menopausal women,
and different age groups?

How does baseline dietary intake of omega-3 fatty acids impact the effect of omega-3 fatty
acid supplements on intermediate markers and risk factors of CvD?

What are the effects of potential confounders— such aslipid levels, body massindex (BMI),
blood pressure, diabetes, aspirin use, hormone replacement therapy, and cardiovascular
drugs — on associations?

Does the use of medications for CVD and CVD risk factors (including lipid lowering agents
and diabetes medications) impact the effect of omega-3 fatty acids?

Question 4. Omega-3 fatty acid metabolism:

What is the association between intake levels of EPA, DHA, and ALA and blood, tissue, and
cell membrane levels?

What is the efficiency of conversion from ALA to EPA/ DHA, EPA/DHA to ALA, DHA to
EPA, and EPA to DHA?

Analytic Framework

To guide our assessment of studies that examine the association between omega-3 fatty acids
and cardiovascular outcomes, we developed an analytic framework that maps the specific
linkages associating the populations of interest, the exposures, modifying factors, and outcomes
of interest (Figure 1.2) 3’. The framework graphically presents the key components of the study
questions:

1) Who are the participants (i.e., what is the population and setting of interest, including the
diseases or conditions of interest)?

2) What are the interventions?
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3) What are the outcomes of interest (intermediate and health outcomes)?
4) What study designs are of value?

Specificaly, this analytic framework depicts the chain of logic that evidence must support to link
the intervention (exposure to omega-3 fatty acids) to improved health outcomes.

This report and the accompanying report, Effects of Omega-3 Fatty Acids on Cardiovascular
Disease, review the evidence addressing the associations or effects in humans. Specifically, this
report examines evidence addressing both the association in humans between omega-3 faity
acids and cardiovascular intermediate outcomes or risk factors and the association between
omega- 3 fatty acids and tissue or plasma levels of omega-3 fatty acids. The accompanying report
examines evidence addressing the association between omega- 3 fatty acids and clinical
cardiovascular outcomes, their efficacy in improving CVD outcomes, and potential adverse
effects of omega- 3 fatty acid intake in humans.

In both reports, the 3 specific populations of interest are healthy adults with no known CVD
or risk factors; adults at increased risk of CVD due specifically to diabetes, hypertension, or
hyperlipidemia; and adults with known CVD. The exposure of interest is omega-3 fatty acids.
Unlike medications, there are numerous possible sources, types, and possible dosages for omega-
3 fatty acids. Thus, questions of interest include how different sources, dosages, and relative
proportions of the fatty acids differ in their effects on the outcomes of interest. Included are
guestions addressing possible differences between the effects of supplements (e.g., fish oil
capsules) and dietary sources (e.g., fatty fish), the effect of duration of intervention or exposure,
and whether any effect is sustained after stopping treatment.

Theoretically, the most immediate outcome related to omega-3 fatty acid intake is a change
in tissue levels of the fatty acids. However, the measurement and interpretation of this effect is
complicated by the variety of faity acids, the different relative intake levels of fatty acids,
metabolism of the fatty acids into other fatty acids, the different storage forms, and the wide
range of cells into which the fatty acids are incorporated. The question of how omega-3 fatty
acid intake relates to different measures of tissue and plasma fatty acid levelsis addressed in this
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Figure 1.2. Analytic framework for omega-3 fatty acid exposure and cardiovascular disease. This framework
concerns the effect of omega-3 fatty acid exposure (as a supplement or from food sources) on
cardiovascular disease. Populations of interest are noted in the top rectangle, exposure in the oval,
outcomes in the rounded rectangles, and effect modifiers in the hexagon. Thick connecting lines indicate
associations and effects reviewed in this and the accompanying report. Lists noted in a smaller font indicate
the specific factors reviewed. CVD indicates cardiovascular disease; FA, fatty acid; RBC, red blood cell
(erythrocyte); WBC, white blood cell (leukocyte).
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report. Once it is understood how to best estimate body stores of omega-3 fatty acids, it will then
be of interest in future reviews to understand how levels of body stores affect cardiovascular
outcomes.

Although the most important questions relating to omega- 3 fatty acids pertain to their effects
on clinical outcomes (and potentia adverse events), collecting data on long-term cardiovascular
effectsisrelatively difficult. As aresult, the bulk of the available evidence generaly pertainsto
the efficacy in trials of interventions on intermediate outcomes and biological effects. This
evidence is summarized in this report.

The effects of omega-3 fatty acids on CVD risk factors, intermediate markers of CVD and
clinical outcomes can be related to one another in two ways. First, by reducing risk factors for
CVD, such as blood pressure, or putative markers of the risk factors, such as C-reactive protein,
omega-3 fatty acids can directly reduce the overall risk of cardiovascular events. Second, omega-
3 fatty acids can have adirect or indirect beneficial effect on specific intermediate markers of
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CVD, such as coronary stenosis, which would result in alowered risk of cardiovascular events.
In this report, we investigate how the effects of omega-3 fatty acids on risk factors and
intermediate markers can be modified by various factors, including concomitant drugs,
demographic features (e.g., sex, age), basdline diet, and subject characteristics (e.g., lipid levels,
weight, blood pressure).

The anaytic framework does not directly address the level of evidence that is necessary to
evaluate each of the effects. Large randomized controlled trials that are adequately blinded and
otherwise free of substantial bias provide the best evidence to prove causation between
intervention and outcome. However, this study design is not always available (or possible).
Crossover trials have the advantage of controlling fully for biases due to differences between
study arms but may introduce bias due to incomplete washout of first treatment effect. In
addition, they are generally small and have a narrow range of subjects. Uncontrolled trials and
observational studies provide lesser degrees of evidence that are usually hypothesis- generating
regarding causation. The current analysis relies as much as possible on high quality, randomized
controlled trials, using evidence from other studies when data are relatively sparse.

Literature Search Strategy

We conducted a comprehensive literature search to address the key questions related to CVD
and to the metabolism of omega-3 fatty acids (Appendix A.1, available electronically at
http://www.ahrg.gov/clinic/epcindex.htm). Relevant studies were identified primarily through
search strategies conducted in collaboration with the UO EPC. The Tuftss NEMC EPC used the
Ovid search engine to conduct preliminary searches on the Medline database. The final searches
used 6 databases including Medline from 1966 to week 2 of February 2003, PreMedline
February 7, 2003, Embase from 1980 to week 6 of 2003, Cochrane Central Register of
Controlled Trials 4th quarter of 2002, Biological Abstracts 1990 - December 2002, and
Commonwealth Agricultural Bureau (CAB) Health from 1973 to December 2002. Subject
headings and text words were selected so that the same set could be applied to each of the
different databases with their varying attributes. Supplemental search strategies were conducted
as needed. Additional publications were referred to us by the TEP and the other 2 EPCs. Details
about selected terms used in the search strategy are discussed below.

Omega-3 Fatty Acids Search Strategy

A wide variety of search terms were used to capture the many potential sources of omega-3
fatty acids. Search terms used include the specific fatty acids, fish and other marine ails, and
specific plant oils (flaxseed, linseed, rapeseed, canola, soy, walnut, mustard seed, butternut, and
pumpkin seed). These terms were used in all search strategies.

Cardiovascular Search Strategy

The primary search strategy was designed to address both the clinical and intermediate
outcomes of CVD in humans (Appendix A.1). In order to identify CVD outcomes in human
studies, the search was divided into 3 categories consisting of controlled trials, other studies, and
reviews. These 3 categories were further divided into English and nonEnglish subsets.

22



Diabetes

Because specific terms referring to diabetes had been omitted from the primary search
strategy, a supplemental search strategy was conducted on March 29, 2003. The diabetes
supplemental search strategy included relevant search terms for diabetes. This search strategy
resulted inan additional 410 citations for screening (Appendix A.2).

Supplemental Searches

Because some studies evaluated the effect of nuts on CVD outcomes without specifying in
the abstract the type of nuts used in the study, we performed a supplemental Medline search on
July 30, 2003 using the term “nut” as a text word for studies of CVD (Appendix A.3).
Furthermore, upon noting that a number of relevant articles were missing from our search
strategy, we performed a supplemental search on July 1, 2003. This search included terms
specific to the CVD risk factor and intermediate markers outcomes of interest (Appendix A.4).

Overall

The number of citations for the final results of the database searches is approximate. Because
the 5 main databases used in the search employ different citation formats, duplicate publications
were encountered. The UO EPC eiminated most of the duplicate publications, however, because
of many different permutations it was impossible to identify all of them. We eliminated duplicate
publications as we encountered them.

Ongoing automatic updates of Medline searches were conducted using the CVD search
strategy. The last automatic update was on April 19, 2003. The UO EPC conducted afinal
update search of the other databases on April 10, 2003.

Study Selection

Abstract Screening

All abstracts identified through the literature search were screened manually. At this stage,
eligibility criteriawere loosely defined to include all English language primary experimental or
observational studiesthat evaluated any potential source of omega-3 fatty acidsin at least 5
human subjects, irrespective of the study outcomes reported in the abstract. We excluded
abstracts that clearly included only subjects who had a non-CVD-related condition (such as
cancer, schizophrenia, or organ transplant), letters and abstracts.

Full Article Inclusion Criteria
Articles that passed the abstract screening process were retrieved and the full articles were

screened for eigibility. Articles were rejected during this round based on the following criteria:
review articles, inappropriate human population, pediatric studies and those conducted on
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subjects less than 19 years old, no mention of omega-3 fatty acid dietary supplements or fish
consumption, daily dose of omega- 3 fatty acid greater than 6 g, fewer than 5 subjects in omega-3
fatty acid arm(s), prospective interventional studies of less than 4 weeks duration, crossover
studies with less than 4 week washout between treatments, and no appropriate outcome of
interest reported. Studies that reported only the tissue level of omega-3 fatty acid without
explicitly reporting the amount of omega- 3 fatty acid consumed were aso excluded. Studies that
reported only lipid data among the outcomes of potential interest with fewer than 20 subjects
were excluded during screening because of the large number of such studies and limited
resources. In addition, with the exception of studies of Mediterranean diets and studies that
reported fish servings, studies were excluded if no specific data were reported about omega-3
fatty acid consumption. Specific sources of omega-3 fatty acids considered acceptable included
fish oils, dietary fish, canola (rapeseed) oil, soybean oil, flaxseed or linseed oil, walnuts or
walnut oil, and mustard seed oil. Other sources were ligible if omega-3 fatty acid levels were
reported to be greater than control. For each study that was rejected, the reason(s) for rejection
was noted.

The exclusion criterion of more than 6 g per day for non-adverse event clinical outcomes was
based on discussions with the TEP, in which it was agreed that omega-3 fatty acid intake above
this amount isimpractical and has little relevance on health care recommendations. Therefore,
the inclusion criterion for the maximum daily intake was set at 6 g per day. The definition of
dose of omega-3 fatty acids varied greatly across studies. Thus, the maximal allowable dose may
have applied to total daily omega-3 fatty acid, total EPA plus DHA, or atota of other
combinations of omega-3 fatty acids. The total did not refer to total fish oil. Short duration
studies (less than 4 weeks) and crossover studies with washout periods less than 4 weeks were
excluded since, it was agreed, a metabolic steady-state of omega-3 fatty acids is likely not
achieved for about 4 weeks.

Sometimes there were multiple publications of the same study reporting interim results or
different outcomes. We identified and grouped articles belonging to the same overall study and
used data from the latest publication, supplemented by data from earlier publications, as
appropriate.

In addition, alist of approximately 100 potential markers of CVD (e.g., coronary intima
media thickness) and risk factors (e.g., hypertension, C-reactive protein) was reviewed in detail.
Because of limited time and resources, 22 factors were chosen from this list for definite
inclusion. A second list of factors was evaluated for possible inclusion if time and resources
allowed (see Table 3.1 in Results section). Studies that reported on none of these factors were
rejected.

Because of the large number of studies available for analysis, for most outcomes of interest
we decided to confine analysis to the largest randomized trials for each outcome evaluated. For
outcomes with few studies, all studies were included regardless of study design or sample size
(minimum of 5 subjects). We used alower sample size threshold for crossover studies because
these studies are more strongly powered for a given number of subjects than parallel studies. We
generaly aimed for approximately 20 to 25 studies for analysis. For studies of platelet
aggregation, we used the additional inclusion criterion that platelet aggregation data must be
presented in a numerical format; articles that reported platelet aggregation results only
graphically were not analyzed. This additional criterion was used because of the particular
difficulty in estimating data from graphs for this outcome and because of the large number of
specific outcomes reported in each study. Specific criteria used are listed in Table 3.1 and
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described in each outcome section in Chapter 3.

Incorporation of omega-3 fatty acids into phospholipids is very commonly reported by
studies, often as proof of treatment compliance. Again because of limited time and resour ces, we
limited our review of studies examining omega-3 fatty acid incorporation (or the association
between dietary omega-3 fatty acid intake and tissue levels of omega- 3 faity acids) to the larger
randomized trials that met eligibility criteriafor either intermediate or clinical outcomes. We
based this decision on the assumption that this sample of studies should not be biased. In
addition, because the primary research question concerns correlation between dietary intake and
blood levels of omega- 3 fatty acids, for these analyses we have included only prospective,
intervention trials to avoid biases and inaccuracies inherent to retrospective or survey-based
studies. We have limited measurable levels to those most commonly reported and most
practically measured, including erythrocyte, platelet cell membrane, and plasma phospholipids.

Data Extraction Process

An electronic data extraction form and database were created specifically for the evaluation
of studies of omega- 3 fatty acids and intermediate and clinical outcomes (Appendix B, available
electronicaly at http://www.ahrg.gov/clinic/epcindex.htm). Data were entered into the form by
selecting single or multiple choice buttons or as free text, as appropriate. The form allowed direct
input of datainto a Microsoft Access database and further manipulation of extracted data in both
Microsoft Excel and Word.

As the data extraction form was being developed, all members of the EPC were trained to use
the electronic form and software. In an iterative process, in which groups of studies were
extracted by all trainees, the data entry form was improved, consensus was reached on
definitions, and issues specific to omega-3 fatty acid studies were addressed. After this process,
each study was screened for eligibility criteriaand for outcomes using the electronic form. Each
eigible study was then fully extracted by a single researcher. During weekly meetings, data
extraction problems were addressed. Occasional sections were re-extracted to ensure that
uniform definitions were applied across extracted studies. Problems and corrections were noted
through spot checks of extracted data and during the creation of summary and evidence tables. A
second reviewer independently verified the data in the summary tables using the origina article.

Items extracted included: study design, blinding, randomization method, allocation
concealment method, country, funding source, study duration, eigibility criteria, sample
characteristics (including comorbid conditions, concomitant medications, baseline diet, and
demographics), number enrolled and analyzed, reasons for withdrawals, description of omega-3
fatty acid and control interventions or diets (including amount of specific fatty acids), risk factor,
intermediate markers, and clinical outcomes, adverse events (which are discussed in the report,
Effects of Omega-3 Fatty Acids on Cardiovascular Disease), results (including baseline value,
final value, within-treatment change, or between-treatment difference, and variance, as reported),
and whether each study addressed each of the key questions. In addition, each study was
categorized based on applicability and study quality as described below.
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Meta-Regression

To examine the association between the level of intake of omega- 3 fatty acids and tissue
levels, the change in omega-3 fatty acid and arachidonic acid (AA 20:4 n-6) compositions were
calculated for each study arm. Data were extracted for fatty acid composition of plasma or serum
phospholipids, platelet membrane phospholipids, and erythrocyte membrane phospholipids,
granulocyte membrane phospholipids, and monocyte membrane phospholipids. For each tissue
type, data from each treatment arm were combined in a meta-regression on the change of
EPA+DHA composition compared to mean dose of EPA+DHA received in each treatment arm.®
Changes in non-omega-3-fatty-acid arms or control groups were not included in meta-regression
analyses.

We performed simple linear regressions with the weighted least squares method, weighting
each study arm by the square root of its sample size *°. The equation of the meta-regression line
is reported for each blood marker. R?, or the goodness of fit, for the regression line is a'so
reported. Data are presented both in summary tables and graphically in scatter plots in which the
sources of the omega-3 fatty acid treatments are distinguished by different symbols.

Grading Evidence

Studies accepted in evidence reports have been designed, conducted, analyzed, and reported
with various degrees of methodological rigor and completeness. Deficiencies in any of these
processes may lead to biased reporting or interpretation of the results. While it is desirable to
grade individual studies to inform the reader of these reports about the degree of potential bias,
the grading of the quality of evidence is not straightforward. Despite many attempts, even for a
single type of study design, most factors commonly used in quality assessment of randomized
controlled trials have not been found to be consistently related to the direction or magnitude of
the reported effect size *°. There is till no uniform approach to reliably grade published studies
based on the information reported in the literature. Different EPCs have used a variety of
approaches to grade study quality in past evidence reports.

Common Elements for Grading the Methodological Quality of
Randomized Controlled Trials in Evidence Reports

As part of the overall omega- 3 fatty acid project, the 3 collaborating EPCs agreed to use the
Jadad Score and adequacy of random allocation concealment as elements to grade individual
randomized controlled trials **?. We also agreed that individual EPCs might add other elements
to this core set, as we deemed appropriate. All EPCs agreed that studies should not be graded
using a single numerical quality score, as this has been found to be unreliable and arbitrary 3.

The Jadad Score assesses the quality of randomized controlled trials using 3 criteria:
adequacy of randomization, double blinding, and drop outs **. A study that fully meets all 3
criteria gets a maximum score of 5 points. Adequacy of allocation concealment was assessed
using the criteria described by Schulz et al., as adequate, inadequate, or unclear *2.
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Generic Summary Quality Grade for Studies

The Jadad and Schulz scores address only some aspects of the methodological quality of
randomized controlled trials. Potentia biases due to reporting and analytic problemsin the study
are ignored. In this evidence report, we applied a 3-category grading system (A, B, C) to each
randomized trial. We have used this grading system in most of our previous EPC evidence
reports, as well as in several evidence based clinical practice guidelines **. This scheme defines a
generic grading system for study quality that is applicable to each type of study design (i.e.,
randomized controlled trial, cohort study, case-control study):

A Least bias; results are valid. A study that mostly adheres to the commonly
held concepts of high quality, including the following: a formal
randomized study; clear description of the population, setting,
interventions and comparison groups; appropriate measurement of
outcomes; appropriate statistical and analytic methods and reporting; no
reporting errors; less than 20% dropout; clear reporting of dropouts; and
no obvious bias.

B Susceptible to some bias, but not sufficient to invalidate the results. A
study that does not meet all the criteriain category A. It has some
deficiencies but none likely to cause major bias. Study may be missing
information making assessment of the limitations and potential problems
difficult.

C Significant bias that may invalidate the results. A study with serious errors
in design, analysis, or reporting. These studies may have large amounts of
missing information or discrepancies in reporting.

Studies that reported multiple results of interest to this report could receive different quality
grades for different outcomes if there were reporting or methodological issues with specific
outcomes but not others. We did not grade the few nornrrandomized studies that were analyzed.

Applicability

Applicability addresses the relevance of a given study to a population of interest. Every study
applies certain eligibility criteria when selecting study subjects. Most of these criteria are
explicitly stated (i.e., disease status, age, sex). Some may be implicit or due to unintentional
biases, such as those related to study country, location (e.g., community vs. specialty clinic), or
factors resulting in study withdrawals. The question of whether a study is applicable to a
population of interest (such as Americans) is distinct from the question of the study’s
methodological quality. For example, due to differences in the background diets an excellent
study of Japanese men may be very applicable to people in Japan, but less applicable to
Japanese-American men, and even less applicable to Africart American men. The applicability of
a study isthus dictated by the questions and populations that are of interest to those analyzing the
studies.
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In this report, the focus is on the US population, as specified in the Scope of Work for this
series of evidence reports. We also address specific subgroups within that population (i.e.,
healthy Americans, Americans with CV D, and Americans with diabetes or dydlipidemia), as
specified. To capture the potential applicability of studies to the different populations of interest
as defined in the scope of work we define the following target population categories:

GEN

CvD

DM

DysLip

Genera population. Typical healthy people similar to Americans
without known CVD, diabetes or dydlipidemia.

Cardiovascular disease population. Subjects with a history of or
currently with cardiac, peripheral vascular, or cerebrovascular disease,
as defined by the author. In addition studies of hypertensive patients
were included.

Diabetic population. Subjects with any type of diabetes, including type |
(DM 1), type 1l (DM 1), insulin dependent (IDDM) and nor-insulin
dependent (NIDDM), as defined by the authors.

Population with dyslipidemia, either elevated total cholesterol, LDL, or
Tg, or low levels of HDL, as defined by the authors.

One study was classified as CVD Risk because it included a combination of subjects with
known CVD, diabetes, dyslipidemia and other potential CVD risk factors. In addition, some
studies received multiple classifications (CVD/DM or DM/DysLip), when inclusion criteria
included multiple conditions.

Even though a study may focus on a specific target population, limited study size, eligibility
criteria and the 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 within atarget population into 1 of 3 levels of applicability **:

Sample is representative of the target population. It should be sufficiently large
to cover both sexes, a wide age range, and other important features of the target
population including baseline dietary intake broadly similar to that of the US
population.

Sample is representative of arelevant sub-group of the target population, but not
the entire population. For example, while the Nurses Health Study is the largest
such study and the results are highly applicable to women, it is nonetheless
representative only of women. A fish oil study in Japan, where the background
diet is very different from that of the US, would aso fall into this category.

Sample is representative of a narrow subgroup of subjects only, and not well

applicable to other subgroups. For example, a study of male college students or
astudy of a population on a highly controlled diet.

28



In the summary tables, each study receives a combined applicability grade comprised of the
target population (GEN, CVD, DM, and DysLip) and the 3-leve grade (1, 11, 111).

Sample Size

The study sample size provides a quantitative measure of the weight of the evidence. In
genera, large studies provide more precise estimates of effect and associations. In addition, large
studies are more likely to be generalizable; however, large size aone does not guarantee broad
applicability.

Reporting Results

Most outcomes evaluated were continuous variables, such as lipid level or intima- media
thickness. For these outcomes, summary tables report 3 sets of data: the mean (or median)
baseline level in the omega-3 fatty acid arm; the net change of the outcome, and the reported P
value of the difference between the omega-3 fatty acid arm and control. The net change of the
outcome is the difference between the change in the omega-3 fatty acid arm and the change in
the control arm, or:

Net change = (Omega 3rina — Omega 3nitia) — (Controlrina — Controlitia).

The great majority of articles reported these 4 values and P values. While some studies reported
adjusted and unadjusted within-arm and between-arm (net) differences, to maintain consistency
across studies we calculated the unadjusted net change using the above formula for all studies
when the data were available. To provide arough estimate of the effect of omega-3 fatty acids
when median values were reported (as for lipoprotein (a)), we used the above formula with the
median values, recognizing that the resultant net change is not mathematically valid. When data
were available at multiple time points, we extracted data on only the time point at the end of
omega-3 fatty acid intervention. Data from other time points are discussed in the text.

We included only the reported P values for the net differences. We did not calculate any P
values, but, when necessary, used provided information on the 95% confidence interval or
standard error of the net difference to determine whether the P value was less than .05. We
included any reported P value less than .10. Reported P values above .10 and values reported as
“non-significant” were included as NS, nonsignificant.

Coronary artery restenosis studies provided rate data on a dichotomous variable (restenosis or
no restenosis). For these studies, we report 3 equivalent sets of data: the control rate (the rate of
restenosis in the control group, a standard measure of the underlying severity of illnessin the
study population), the relative risk of restenosis, and the 95% confidence interval. In addition we
performed a random effects model meta-analysis *°.

All exceptions and cavesats are described in footnotes.
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Evidence and Summary Tables

We report the evidence in 2 complementary forms:

Evidence tables offer a detailed description of studies we analyzed that address each of the
key questions. These tables provide detailed information about the study design, patient
characteristics, inclusion and exclusion criteria, interventions and comparison groups evaluated,
and outcomes. Baseline and follow-up data for each analyzed outcome are reported in the
Results column. A study, regardless of how many interventions or outcomes were reported,
appears once in the eviderce tables. The studies are ordered a phabetically by the first author’s
last name and study year.

Summary tables succinctly report on each study using summary measures of the main
outcomes. Thesetables were developed by condensing information from the evidence tables and
are designed to facilitate comparisons and synthesis across studies. Summary tables include
important concise information regarding study size, intervention and control, study population
(e.g., genera population or CVD), outcome measures, methodological quality and applicability.
Studies are grouped by omega- 3 fatty acid source (EPA/DHA oils, plant ails, fish and
Mediterranean diets, and combinations — comparisons — of different sources). Then studies are
ordered first by omega- 3 fatty acid dose and second by omega-3 fatty acid study arm size (both
largest to smallest). A study with outcomes may appear multiple times in different summary
tables.

Methodological Limitations

Due to practical limitations of time and resources, many constraints were applied to the
available data, as described above. In consultation with the TEP and NIH representatives, we
prioritized the original list of questions to focus on those of greatest interest to the scientific and
medical communities and for whichdata were likely to be available. Likewise, the list of specific
CVD risk factors that we examined was reduced to those that members of the TEP agreed have
the greatest clinical relevance and are most clearly related to CVD. Therefore, alarge number of
commonly evaluated markers were not included. For example, tissue plasminogen activator
(TPA), plasminogen activator inhibitor (PAl), and LDL oxidation were not included because
their levels are not clearly associated with clinical CVD outcomes, or the meaning of achangein
their levelsis not well understood, or there is much variability in how the factor is measured and
interpreted, among other reasons. In addition, the TEP attempted to focus on those factors which
are most relevant to clinical practice.

The decision about which specific outcomes to evaluate from the list of potential outcomes
was based on an evaluation of the available evidence. CVD risk factors and intermediate markers
with more limited evidence, possibly due to publication bias, or that were primarily evaluated in
small or nonrandomized or uncontrolled trials were generally omitted; although data on
particular outcomes of interest, such as C-reactive protein and exercise tolerance testing, were
included despite limited data.
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Finally, because of the large number of studies, only the highest quality, larger studies were
analyzed. While we attempted to find data to answer all the key questions, only those studies
included in the main analyses were evaluated in thorough detail. This has implications for
guestions regarding populations, covariates, comparison of omega- 3 fatty acid sources, and other
sub-questions. However, it is unlikely that any of the missed studies were critical to our
understanding of the key questions, since only the smaller, lower quality studies would have
been missed.

It is also important to note that for aimost al analyzed outcomes, the available data are
biased toward positive results. Many articles reported that omega- 3 fatty acid treatment did not
affect levels of various outcomes, but did not report supporting data. These studies were not
evaluated for the reported outcomes.
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Chapter 3. Results

In this chapter, we review the results of our literature search and summarize findings from
studies that passed our screening and selection process. Studies examining the relationship
between omega-3 fatty acids - eicosapentaenoic acid (EPA, 20:5 n-3), docosahexaenoic acid
(DHA, 22:6 n-3), and alpha linolenic acid (ALA, 18:3 n-3) - and selected risk factors of
cardiovascular disease (CVD) are summarized first, followed by studies that examine the
correlation between omega-3 fatty acid intake and tissue levels of fatty acids.

Summary of Studies Found

Through the literature search we identified and screened over 7,464 abstracts indexed as
English language articles concerning humans. We retrieved and screened 807 full text articles for
potentially relevant human data. Of these, we rejected 463 articles for the reasons listed in the
section “Listing of Excluded Studies” under “Rejected Studies”. Of the remaining 344 articles,
we analyzed risk factor and other outcome data from 123 (Table 3.1, “References and Included
Studies” under “Included Studies™). The 221 non-rejected studies that were not analyzed are
listed in the section “Listing of Excluded Studies” under “Studies Not Analyzed Because of Non-
Randomized Design or Small Size”. For most outcomes, we analyzed only the approximately 20
to 30 largest randomized trials. These trials were selected based on criteria described both in
Table 3.1 and in the sections describing each risk factor included in this chapter.

We compiled an Evidence Table that provides detailed information about each study we
analyzed (Appendix C, available electronically at http://www.ahrq.gov/clinic/epcindex.htm). The
summary tables present specific information about each of the studies that we analyzed for a
given risk factor or outcome. Information presented in the summary tables include: study design
and size, amount of omega-3 fatty acid consumption, baseline level of the relevant risk factor,
net change of risk factor level (change in omega-3 fatty acid arm less change in control arm),
reported statistical significance of the net change, study quality, study population, and
applicability for each study.

Most studies that we analyzed evaluated fish or other marine oils (as supplements, dietary
fish, or oil spreads); few evaluated plant oils (as supplements, dietary oils, or oil spreads).
Furthermore, few studies compared doses of similar omega-3 fatty acids, compared different
omega-3 fatty acids, reported on potential covariates such as age and sex, analyzed effects based
on duration of intake, or repeated measurements after subjects had stopped omega-3 fatty acid
supplementation. Only 13 articles (reporting on 12 trials) reported any data related to either
baseline dietary or experimental dietary intake of both omega-3 fatty acid and omega-6 fatty acid
intake to allow an estimate of mean daily omega-6 to omega-3 fatty acid ratio ***. However, no
study analyzed the relationship between evaluated outcomes and either omega-6 to omega-3 fatty
acid consumption ratio or combined omega-6 and omega-3 fatty acid consumption amounts. Any
available data relating to relative amounts of omega-6 fatty acid consumption could not be
evaluated separately from different doses or types of omega-3 fatty acids.

Note: Appendixes and Evidence Tables cited in this report are provided electronically at
http://www.ahrq.gov/clinic/epcindex.htm|
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Each risk factor is discussed separately in the following, largely arbitrary, order:

* Lipids (total cholesterol, low density lipoprotein [LDL], high density lipoprotein [HDL],
triglycerides, lipoprotein (a) [Lp(a)], apolipoproteins [apo] AL B, B-100, and LDL apo
B)

* Blood pressure

* Measures of glucose metabolism (hemoglobin A;. [Hgb A;.], fasting blood sugar [FBS],
and fasting insulin)

* (C-reactive protein (CRP)

* Measures of hemostasis (fibrinogen, factors VII and VIII, von Willebrand factor [vWF],
and platelet aggregation)

* Non-serum diagnostic tests (coronary artery restenosis [following angioplasty], carotid
intima-media thickness [IMT], exercise tolerance testing [ETT], and heart rate
variability).

The final section of this chapter summarizes studies that examine the correlation between
omega-3 fatty acid intake and tissue levels, including plasma or serum phospholipid levels,
platelet phospholipids, erythrocyte membrane phospholipids, granulocyte membrane
phospholipids, and monocyte membrane phospholipids.
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Table 3.1 Numbers of studies of omega-3 fatty acids and cardiovascular risk factors

Total Studies

Total

CVD Risk Factor Meeting Minimum Randomized Ellg'b:'ty Cr!teg‘la for Analy_zed
L . . nalysis Studies
Eligibility Criteria Studies
Lipids 182° 108 RCT 2 60 Xover 2 40 25
Total Cholesterol 169 98 RCT =260 Xover =40 23
Low Density Lipoprotein 119 70 RCT =260 Xover = 40 15
High Density Lipoprotein 141 81 RCT =60 Xover = 40 19
Triglycerides 164 100 RCT = 60 Xover 2 40 19
Lipoprotein (a) 23 14 RCT =5 Xover =25 14
Apolipoprotein A-1 61 37 RCT = 20 Xover = 15 27
Apolipoprotein B 52 29 RCT = 20 Xover =2 10 25
Apolipoprotein B-100 11 10 RCT =25 Xover =5 10
Blood pressure 103 71 RCT =215DM Xover =10 DM 6°
Hemoglobin A, 32 22 RCT =10 Xover = 10 18
Blood sugar, fasting 57 34 RCT =225 Xover = 15 17
Fasting insulin 21 15 RCT =5 Xover =25 15
C-reactive protein 5 4 All 5
Fibrinogen 59 34 RCT 215 Xover 2 10 24
Factor VIl 40 25 RCT 215 Xover =2 10 19
Factor VIiI 13 5 RCT =5 Xover =25 5
von Willebrand factor 20 9 RCT =5 Xover =25 9
Platelet aggregation 84 39 RCT =15 Xover =10 11¢
Coronary arteriography 17 14 RCT =5 Xover =25 12°¢
Carotid intima-media thickness 4 1 All 4
Exercise tolerance test 6 3 All 6
Heart rate variability 3 2 All 3
Sub-Total f 327 197 123
Risk Factors Not Analyzed
Apolipoprotein C-lli 3 1
Remnant-like particles 2 0
Free fatty acids or 7 5
Non-esterified fatty acids
Diabetes incidence 1 0
Microalbuminuria 4 3
Homocysteine 4 2
Factor Xll 4 1
Bleeding time 48 21
Interleukin 6 2 1
VCAM-1 ¢ 2 1
Creatine kinase 5 4
Echocardiography 1 1
Endothelial function 11 8
ECG parameters 4 3
Heart rate, resting 23 16
Ankle brachial index 1 1
Total 346

(Analyzed and not analyzed)

a  RCT >, minimum number of subjects in a parallel randomized controlled trial; Xover >, minimum number of subjects in a
cross-over study; DM = diabetes mellitus.

b  Minimum of 20 subjects consuming omega-3 fatty acids.

¢ We analyzed only studies of diabetic patients.
d  We analyzed only studies with platelet aggregation data reported in text or table. We did not analyze studies that reported

outcomes only in figures.

e  We analyzed only studies that reported the number (or percent) of patients who had restenosis.
f  Individual study numbers do not add up to totals because many articles reported more than 1 outcome.

g Vascular cell adhesion molecule 1
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Lipids: Total Cholesterol
(Table 3.2)

Abnormal levels of serum lipids, primarily low density lipoprotein (LDL), high density
lipoprotein (HDL), and triglycerides (Tg) have long been recognized as risk factors for CVD. Of
interest is whether consuming omega-3 fatty acids as part of a therapeutic lifestyle change would
improve lipid levels, or at least would not be detrimental. Recent National Cholesterol Education
Program (NCEP) guidelines recommend a goal for fasting total cholesterol of less than 200
mg/dL in all adults, with lower levels recommended for people at elevated risk for CVD,
including diabetics, smokers, people with hypertension or a family history of premature CVD, or
who are beyond middle age *.

Lipid levels are the most commonly measured CVD risk factor in trials of omega-3 fatty acid
consumption. We found 182 studies that met eligibility criteria and reported data on the effect of
omega-3 fatty acids on lipid levels in at least 20 subjects (See Table 3.1). Of these, we analyzed
the 25 randomized trials with lipid data for at least 60 subjects in parallel trials and 40 subjects in
crossover trials who consumed omega-3 fatty acids. It is important to note that because we
analyzed only the largest randomized trials, we did not capture many smaller studies of diabetic
patients.

Among these studies, 169 reported data on total cholesterol levels. We analyzed the 23
largest randomized trials.

Table 3.2 Effects of omega-3 fatty acids on total cholesterol (mg/dL) in randomized trials
(6 weeks to 2 years)

Omega-3 Fatty Acid Arm * Control Results ° Quality © >
- E— o
» o2 2
Author, Year S § 8% o
N Source gld N Source iBase NetA P 3 e 8 Y =
I
DHA/EPA Oils
Cairns, 1996 325 Fish oil ED 5.4;328 Cornoil | 227 -3 NS B 3 Un CVvD 1l
Bonaa, 1992 71 Fish oil ED 5.1; 74 Corn oil ; 251 +2 NS | B 4 Un DysLip |
Lungershausen, 1994 |42 © Fish oil ED 4.9|42 ¢ Corn oil | 221 +2 NS | B 3 Un CVD 1l
Bairati, 1992b 66 Fish oil ED 4.5; 59 Olive oil| 240 -1 NS B 5 Un CVD i
oo _ f
Grimsgaard, 1997 75 Purfied EPA__E 381 77 comoil 2010 0041, 5 yn  GEN |
72 Purified DHA D 3.7 232 -3 NS
Nilsen, 2001 °© 75 Fish oil ED 3.4| 75 Cornoil| 214 +9 NS B 3 Un CvD I
Eritsland, 1995b 260 Fish ail ED 3.3|/251 Nooil | 252 -2 NS B 2 Ad CVvD I
38 Cod liver all ED 3.3 319 -19 NS
Brox, 2001 h 37 Nooil C 1 U DysLip |
rox 37 Seal o ED 2.6 °°%" 1308 0 Ns N EYSHP
Franzen, 1993 92 Fish oil ED 3.1/83" Olive | 219 +2 nd C 5 Ad CVD |l
26 Cod liver oil ED 3.1 203 +1 NS
27 Seal/Cod ol ED 2.8 . 204 +9 NS
Osterud, 1995 27 Seal oil ED 24 28 Nooil 199 +2 NS B 2 Un GEN |
26 Whale oil ED 1.7 197 +10 NS
Leigh-Firbank, 2002 55 ¢ Fish oil ED 3.0(55 ¢ Olive oil | 255 -2 NS B 3 Un DysLip |
Sacks, 1994 60! Fish oil ED 2.4|66’' Olive oil| 190 +4 NS C 3 Un GEN |

Continued
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Table 3.2 Effects of omega-3 fatty acids on total cholesterol (mg/dL) in randomized trials (continued)

Omega-3 Fatty Acid Arm *®

Control Results ° Quality ° >
©
©
Author, o 9%’ =
Q Q
Year N Source g/d N Source |Base NetA P g 2 §g =2
Q o o = =
< S <
DHAJ/EPA Qils (continued)
Sirtori, 1998 | 459 Fish oil ED 1.7 | 450 Oliveoil 1234 1 NS | B 4 Ad rii:(/'ﬂ |
‘1’3350*‘30‘“” 89" Fish oil ED 1.7° | 86° Plantoil 1237 +6 NS ! C 5 Ad CVD Il
2836 Fish oil 2828 No oil 210 +2
GISSI, 1999 5830 Fish oil ED 09 5830 VitaminE | 211  +4 NS | B 3 Un CVD I
Leng, 1998 | 37 " Fish oil ED 0.045°| 36" S“”I)'i?""er 233 +2 NS | C 4 Ad CVD Il
Plant Oils
u u + EN
Natvig, 1968 1222 | inseed oil A -5 (316" Sunfower; 246 +1 NS [ ., o, GENII
47" 51" oil 250 +5 NS DM ¥ 1l
?ggéhgre‘””"' 100 Linseed oil A ~5 | 100 Comoil | 289 +13 nd | C 2 Un CVD I
Fish and Mediterranean Diets
VD
Singh, 2002 | 499 Indo-Mediterranean T 1.8 501 NCEPI* | 221 -20 <.0001| C 2 Un rci:sky 1l
19 Fish (3.8/week) ED 0.9 176 -8 nd
Hanninen, 22 Fish (2.3/week) ED 0.5 0.4 157 +2 nd
1989 21 Fish (1.5/week) ED 0.4 18 Fishiweek | 158 -7 nda | B 2 Un GENIN
20 Fish (0.9/week) ED 0.2 170 +3 nd
. . =
de Lorgeril, |47,z Mediterranean/ = 08% i1gaaa peoyiar 1240 1 NS I C 2 Un CVD Il
1994 Canola margarine Kcal
Combinations
Fish oil & dd
17 Fish diet * ED 5.2 Olive/Palm +7 NS
16 Fish oil ED 42 Safflower +19% NS
< dio ™ & 18
Mori, 1994 | 17 Fishdiet ED 3.0 40%fat (235 +13% NS | B 2 Un CVD Il
Placebo oil diet
17 Fish oil ED 2.1 +21% <05
Fish diet ®° & Qil dd
1 ED 3. 17 N
8 Placebo oil 3.0 30% fat +1 S
31 E:zﬂg::marga””e’ ED 17 212 +14 NS
Finnegan, - - - Sunflower .
2003 30 ESh oil mda/[garlned ED 0.8 margarine 211 +4 NS A 4 Un DysLip |
30 napeseediLinseed 5 45 217  +2 NS
margarine
nd = no data

a A=ALA; D=DHA;E =EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.
b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not statistically

significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and

dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.
d CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.
e  Cross-over study.
f  P=.04 for difference in effect of EPA and DHA.
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Only subjects who did not change statin treatment are included here.

Data missing from article provided by study author.

Maximum. Total analyzed was 172, not 175 (92+83).

84 at baseline.

2.6 g/day for first 2 months, then 1.7 g/day for 4 months.

Estimate from graph.

Dyslipidemia and one or more of: hypertension, diabetes, or glucose intolerance.
111 at baseline.

3.4 g/day for first 3 months, then 1.7 g/day for 21 months.

112 at baseline.

Plus vitamin E 300 mg.

Baseline data based on N=52.

Plus 280 mg gamma linolenic acid (omega-6 fatty acid).

Baseline data based on N=50.

33 missing data for one or both tests.

7 missing data for one or both tests.

Sub-analysis.

National Cholesterol Education Program step I prudent diet.

One or more of: hypercholesterolemia, hypertension, diabetes, angina pectoris or myocardial infarction.
Baseline data based on 289 subjects.

aa Baseline data based on 295 subjects.

bb Omega-3 fatty acid from fish diet is approximate, assuming that each of 4 different fish was consumed equally.
cc  Mean baseline value for all subjects combined.

dd Estimated from graph.

N<WXg<erwmooosgCR"""50r

Overall Effect 48:49:52:53,60-78

Across the 23 studies there was a wide range of effects of omega-3 fatty acids on total
cholesterol, although in most studies the net effect was small and generally of an increase in total
cholesterol. Most studies found net increases of between 0% and 6% (approximately O to 14
mg/dL). Only 3 studies found that the changes in total cholesterol in subjects on omega-3 fatty
acids were significantly different than control. Notably, the directions of the treatment effects
were not consistent across these studies.

Sub-populations

Only 5 of the studies included generally healthy subjects, 3 of which were all male®®®”"2. Net
effects were generally small but inconsistent in direction. Most of the studies included subjects
with a variety of types of CVD. There was no clear consistent effect among the 12 studies. Two
studies evaluated subjects at increased risk of CVD with different sets of treatments and came to
different conclusions. Sirtori et al. found no effect with fish oil in approximately 900 individuals
with dyslipidemia and either hypertension, diabetes or glucose intolerance ’’. Singh et al.
reported a large, highly significant reduction in total cholesterol with an Indo-Mediterranean diet
in approximately 1,000 people with either hypercholesterolemia, hypertension, diabetes, angina
or myocardial infarction "°. However, this study found that subjects on the Indo-Mediterranean
diet lost significantly more weight (3 kg) than those on the control diet. In addition, they reported
uniform highly significant effects on all serum markers despite widely ranging effects. A number
of statistical calculation errors were also found.

While no study evaluated a population of all diabetic subjects, Natvig et al., in an early
Norwegian trial of linseed oil supplements, reported a sub-analysis of the 98 diabetic subjects
and found that the effect of linseed oil was similar in both all subjects and specifically in diabetic
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subjects, but that total cholesterol decreased by a small amount more in the diabetic subjects '~
The difference was not significant.

Covariates

No subgroup analyses based on covariates were reported. Two studies performed regressions.
Bairati et al. reported no change in total cholesterol effect after adjusting for age, sex, baseline
lipid level, lipid treatment, body mass index and alcohol use *°. Mori et al. performed a
regression adjusting for change in weight and found a highly significant “group effect” increase
in total cholesterol with omega-3 fatty acids (P <.001) ’'. This study also found larger relative
net increases in total cholesterol among subjects on a 40% fat diet, but no net effect (and a
decrease in absolute change) in subjects on a 30% fat diet. No clear difference was seen between
the 5 studies that included only men and the remaining studies ®'-°6771-72,

Dose and Source Effect

Three studies compared different sources — and doses — of marine oil supplements **%%7*,
Grimsgaard et al. found a significantly greater decrease in total cholesterol with purified EPA
than DHA in healthy, middle-aged men °°. Brox et al. found a substantially greater decrease in
total cholesterol with higher omega-3 fatty acid dose cod liver oil supplement than seal oil
supplement in healthy subjects with elevated total cholesterol; although they imply that the
difference was not statistically significant 62 Osterud et al. found varying degrees of net
increases of total cholesterol with different marine oil supplements in healthy subjects *. No
clear pattern was evident among different doses of omega-3 fatty acids and dose effect of marine
oil supplements was evident across the studies.

Hanninen et al. compared 5 fish diets ¢’. No significant effect on total cholesterol was seen
with any diet and there was no dose effect based on frequency of fish consumption.

Among subjects on a higher fat diet, there was no clear difference in effect based on source
of EPA+DHA among men studied by Mori et al. ’'. Despite an apparent larger net increase in
total cholesterol among subjects consuming both fish oil margarine and fish oil supplements
compared to those consuming only fish oil margarine or rapeseed and linseed margarine,
Finnegan et al. found no differences in effect among the treatments *.

The 4 studies of ALA all reported net increases in total cholesterol, but there was no apparent
difference compared to fish and fish oil studies.

Exposure Duration
In 7 studies, total cholesterol levels varied by similar amounts in treatment and control arms
at multiple time points ***"*73777 N differences in effect were seen at times ranging from 5

weeks to 2 years. No effect across studies is evident based on duration of intervention or
exposure.

Sustainment of Effect

No study reported data on an effect after ceasing omega-3 fatty acid treatment.
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Lipids: Low Density Lipoprotein
(Table 3.3)

Among the lipids commonly measured, the level of low density lipoprotein (LDL) is
generally of most concern when determining CVD risk and whether to initiate therapy. The
NCEP guidelines note that the relationship between LDL levels and CVD risk is continuous over
a broad range of LDL levels from low to high *. Recommended goals for LDL level depend on
an individual’s CVD risk factors. Risk factors include diabetes, smoking, hypertension, family
history of premature CVD, and being beyond middle age. With no or one risk factor, LDL goal is
less than 160 mg/dL; with 2 or more risk factors, LDL goal is less than 130 mg/dL. People who
already have CVD or who have diabetes are recommended to achieve an LDL of less than 100
mg/dL. As with total cholesterol, of interest is whether consuming omega-3 fatty acids as part of
a therapeutic lifestyle change would improve LDL levels, or at least would not be detrimental.

Of the 25 randomized trials with lipid data for at least 60 subjects in parallel trials and 40
subjects in crossover trials who consumed omega-3 fatty acids 15 reported data on LDL (See
Table 3.1).

Overall Effect 48,49,52,53,60,63-66,68-71,76,79

The effect of omega-3 fatty acid consumption was fairly uniform across studies. Most found
a net increase in LDL with treatment, although the range of effects varied substantially. Most
studies found net increases of LDL of 10 mg/dL or less, although the complete range of mean net
effects was a decrease of 19 mg/dL to an increase of 21 mg/dL. As with a number of other
outcomes, Singh et al. found a discordant result ’®. In this case, they reported a large, highly
significant reduction in LDL with an Indo-Mediterranean diet in subjects at risk for CVD.
However, as previously noted, this study found a difference in weight loss between the 2
interventions and reported uniform highly significant effects on all serum markers despite widely
ranging effects; also, a number of statistical calculation errors were found.

Sub-populations

Only a single study included generally healthy subjects and no study included exclusively
diabetics. Most of the studies included subjects with CVD. There was no clear difference among
the 10 studies of CVD populations compared to the 3 dyslipidemia studies or single study of
healthy subjects.

Covariates

No subgroup analyses based on covariates were reported. Two studies performed regressions.
Bairati et al. reported that the effect of fish oil supplements on LDL (a net increase) was reduced
and became borderline non-significant (P = .06) after adjusting for age, sex, baseline lipid level,
lipid treatment, body mass index and alcohol use *°. Mori et al. performed a regression adjusting
for change in weight and found a highly significant “group effect” increase in LDL with omega-
3 fatty acids (P <.001) ’'. In contrast to their findings for total cholesterol, they reported similar
effects on LDL among subjects on a 40% fat diet and on a 30% fat diet.
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Table 3.3 Effects of omega-3 fatty acids on low density lipoprotein (mg/dL) in randomized trials

(6 weeks to 2 years)

Omega-3 Fatty Acid Arm * Control Results ° Quality © >
e
[ o> =
Author, Year S § 939 S
N Source g/d N Source |Base NetA P 3 o a 2 =
(Y] o o = =
3 s £
DHAJ/EPA Oils
Cairns, 1996 | 325 Fish oil ED 54 |328 Comoil |[148 +3 NS | B3 Un CVD Il
Bonaa, 1992 70 Fish oil ED 5.1 68 Cornoil [177 +7 NS B 4 Un DysLip |
Lungers- e . e .
hausen, 1994 42 ° Fish oil ED 49 |42 Cornoil | 156 +7 NS B 3 Un CVD Il
Bairati, 1992b | 66 Fish oil ED 45 | 59 Oliveoil | 158 +12 <05 | B 5 Un_CVD II
Grimsgaard, 75 Purified EPA E 38 . 157 -5 NS
1997 72 Purified DHA D a7 | /7 Comol sz Ns | A 5 Un GENI
%‘éﬂz”d’ 260 Fish oil ED 33 |251 Nooil [177 +4 NS | B 2 Ad CVD Il
Franzen, 1993; 92 © Fish oil ED 3.1 83" Olive 151 +9 nd C 5 Ad CVD 1l
SogneFirbanks | g5 < Fish oil ED 30 [55° Oliveoil (175 +13 .03 | B 3 Un DysLip |
Angerer, 2002 | 87 Fish ol ED 1.7 | 84 Fattyacd 157 +6 NS | B 4 Ad CVD Il
2836 Fish ol 2828 Nooil | 137 +3
GISSI, 1999 17830 Fish oil 9 ED 09 7830 vitaminE [138 +5 o | B3 Un CVDI
Leng, 1998 | 37" Fish oil ED 0.045' 36’ S””gﬁwer 107 +6 NS | C 4 Ad CVD Il
Fish and Mediterranean Diets
Singh, 2002 | 499 Indo-Mediterranean T 1.8 {501 NCEPI* 141 -19 <0001, C 2 Un r|Cs\I:[')‘ I
1 H 0,
de Lorgeril, 1,4 m Mediterranean/ 08% 168" Regular (175 +3 NS | C 2 Un CVD Il
1994 Canola margarine Kcal
Combinations
Fish oil &
17 Fish dleto ED 5.2 Olive/Palm +11 q NS
16 Fish oil ED 42 | . Safflower +219 <01
. )
Mori, 1994 17 Fishdiet " & ED 3.0 40% fat |157° 4109 NS | B 2 Un CVD Il
Placebo oil diet
17 Fish oil ED 2.1 +169 <05
Fish diet ° & oil 0 <
18 ende ED 30 |17  4o0icy +129 <05
31 E:zﬂg:: margarine/ g 4 7 132 +13 NS
Finnegan, 30 Fish oil margarine ED 08 | 30 SuMlowerromo——5—""NS | A 4 Un DysLip |
2003 R L 4 margarine
3o RapeseediLinseed , 45 137 -2 NS
margarine
nd = no data

a A=ALA;D=DHA; E =EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.
b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not statistically
significant.
¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.
d CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.

e  Cross-over study.

f  Maximum. Total analyzed was 172, not 175 (92+83).
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Plus vitamin E 300 mg.

Baseline data based on N=52.

Plus 280 mg gamma linolenic acid (omega-6 fatty acid).

Baseline data based on N=50.

National Cholesterol Education Program step I prudent diet.

One or more of: hypercholesterolemia, hypertension, diabetes, angina pectoris or myocardial infarction.
Baseline data based on 289 subjects.

Baseline data based on 295 subjects.

Omega-3 fatty acid from fish diet is approximate, assuming that each of 4 different fish was consumed equally.
Mean baseline value for all subjects combined.

Estimated from graph.
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Dose and Source Effect

Mori et al. found no difference in effect among men consuming various doses of EPA+DHA
either as supplements or as dietary fish ''. Finnegan et al. noted a particularly large increase in
LDL in the fish oil margarine/fish oil supplement arm compared to other arms, but the
differences were not statistically significant >. Grimsgaard found no difference in effect on LDL
level between purified EPA and purified DHA .

The 2 studies of ALA reported smaller net changes in LDL, but it is not clear that this
represents a real difference in effect.

Exposure Duration

In 3 studies, LDL levels varied by similar amounts in treatment and control arms at multiple
time points **%°. No differences in effect were seen at times ranging from 8 weeks to 2 years.
No effect across studies is evident based on duration of intervention or exposure.

Sustainment of Effect

No study reported data on an effect after ceasing omega-3 fatty acid treatment.

Lipids: High Density Lipoprotein
(Table 3.4)

High density lipoprotein (HDL) plays a primary function in removing lipids from the
bloodstream to be processed in the liver. Therefore, people with reduced levels of HDL are at
increased risk of CVD independent of LDL or Tg levels. The new NCEP guidelines categorize
an HDL level of less than 40 mg/dL as low, implying an increased risk of CVD *°. Commonly
used and well-tolerated drugs for dyslipidemia generally have at most a modest effect on HDL
levels. Lifestyle changes, including physical exercise and low saturated fat diets are generally
recommended to help increase HDL. Of interest is whether consuming omega-3 fatty acids as
part of a therapeutic lifestyle change would help improve HDL levels, or at least that it would not
be detrimental.

Of the 25 randomized trials with lipid data for at least 60 subjects in parallel trials and 40
subjects in crossover trials who consumed omega-3 fatty acids 19 reported data on HDL (See
Table 3.1).
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Table 3.4 Effects of omega-3 fatty acids on high density lipoprotein (mg/dL) in randomized trials
(6 weeks to 2 years)

Omega-3 Fatty Acid Arm * Control Results ° Quality © >
- - S
® o> =
Author, Year S § 9% 9
N Source gld N Source |Base NetA P E Q. a Q =
3 o o g ‘E;
DHAJ/EPA Oils
Cairns, 1996 | 325 Fish ail ED 54 328 Cornoil | 40 0 NS B 3 Un CVD Il
Bonaa, 1992 70 Fish oil ED 5.1 69 Cornaoil | 51 -1 NS B 4 Un DysLip |
Lungers- e . e .
hausen, 1994 42 ° Fish oll ED 49 |42 Cornoil | 40 #1 NS B 3 Un CVD I
. o + f
%.gn;sgaard, 75 Pur!f!ed EPA E 38 o comoil L2 1 NS 1A 5 Un GEN |
72 Purified DHA D 37 53 +3 .0005
Bairati, 1992b | 66 Fish oil ED 4.5 59 Olive oil | 40 +4 <.05 B 5 Un CVD Il
Nilsen, 2001 ¢ { 119 Fish oil ED 34 120 Cornoil | 42 +5 <.05 B 3 Un CVD Il
'fg;ss'ﬁ”d’ 260 Fish oil ED 33 |251 Nool |41 +1 NS | B 2 Ad CVD I
h 38 Cod liver oil ED 33 . 50 0 NS .
Brox, 2001 37 Seal oil ED 26 37 No oil 50 +4 NS C 1 Un DysLip |
Franzen, 1993| 92! Fish oil ED 3.1 83! Olive 43 +2 nd C 5 Ad CvD Il
26 Cod liver oil ED 3.1 48 +3 NS
27 Seal/Cod oll ED 238 . 53 +4 <.05
Osterud, 1995 27 Seal oil ED 24 28 No oil 51 +2 NS B 2 Un GEN |
26 Whale oil ED 1.7 49 +5 <.005
SogneFirbank. | g5 < Fish ol ED 30 !55° Oliveoll |37 0 NS | B 3 Un DysLip |
Sacks, 1994 60! Fish oil ED 24 66! Oliveoil | 46 +2 NS C 3 Un GEN |
Angerer, 2002 | 87 Fish oil ED 1.7 84 Fatty acid ! 51 -3 NS B 4 Ad CVD I
2836 Fish oil 2828 No oil 42 0
GISSI, 1999 15830 Fish oil * ED 09 12830 VitaminE| 42 o NS | B 3 Un CVDI
Leng, 1998 | 37" Fish oi ED 0.045"(36" SUMOWr| 45 41 NS | C 4 Ad cvD I
Fish and Mediterranean Diets
Singh, 2002 499 Indo-Mediterranean T 1.8 501 NCEP1° | 45 +2 <.0001; C 2 Un r(i;s\lil:; 1
de Lorgeril, q Mediterranean/ 0.8% r
1994 171 Canola margarine Keal 168 Regular | 45 -1 NS C 2 Un CVD Il
Combinations
Fish oil &
16 Fish oil ED 42 | Safflower 24 <05
. . s
Mori, 1994 17 Fishdiet " & ED 3.0 40%fat | 48' +3Y <001| B 2 un cCvD Il
Placebo oil diet
17 Fish oil ED 2.1 +4 Y <01
Fish diet * & Qil u
18 Placebo oil ED 3.0 17 30% fat +3 <.05
31 [honmargarinel gp 47 52 +2 NS
Finnegan, 30 Fish oil margarine ED 0.8 Sunflower a3 Ns | A 4 Un DysLip |
2003 R dLi d margarine
30 hapeseedilinseed 45 50 +1 NS
margarine
nd = no data

a A=ALA;D=DHA; E =EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.
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b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not statistically
significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,

healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-

group; III = narrow applicability. See Methods.

Cross-over study.

P=.009 for difference in effect of EPA and DHA.

All subjects regardless of whether statin treatment changed during study.

Data missing from article provided by study author.

Maximum. Total analyzed was 172, not 175 (92+83).

84 at baseline.

Plus vitamin E 300 mg.

Baseline data based on N=52.

Plus 280 mg gamma linolenic acid (omega-6 fatty acid).

Baseline data based on N=50.

National Cholesterol Education Program step I prudent diet.

One or more of: hypercholesterolemia, hypertension, diabetes, angina pectoris or myocardial infarction.

Baseline data based on 289 subjects.

Baseline data based on 295 subjects.

Omega-3 fatty acid from fish diet is approximate, assuming that each of 4 different fish was consumed equally.

Mean baseline value for all subjects combined.

Estimated from graph.
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Overall Effect 48,49,52,53,60,62-66,68-71,73-76,79

The effect of omega-3 fatty acid consumption was generally consistent across the 19 studies.
Most found a small net increase in HDL with treatment of up to 3 to 5 mg/dL, although 7 found a
small net decrease or no effect in at least one tested study arm. Six of the studies reported that the
net increase in HDL was statistically significant.

Sub-populations

Across studies, there is no clear difference in effect among the 11 studies of CVD
populations, the 4 studies of dyslipidemic patients, the 3 studies of healthy subjects, or the study
of Indians at increased risk of CVD. No study included only diabetic patients.

Covariates

No subgroup analyses based on covariates were reported. Two studies performed regressions.
Bairati et al. reported that the effect of fish oil supplements on HDL (a net increase) was reduced
and became borderline non-significant (P = .06) after adjusting for age, sex, baseline lipid level,
lipid treatment, body mass index and alcohol use ®. Mori et al. performed a regression adjusting
for change in weight and found a highly significant “group effect” increase in HDL with omega-
3 fatty acids (P <.001) ”". In contrast with their findings for total cholesterol, they reported
similar effects on HDL among subjects on a 40% fat diet and those on a 30% fat diet.
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Dose and Source Effect

Three studies compared different sources — and doses — of marine oil supplements **%%7*,
Grimsgaard et al. found a small difference in effect between purified EPA and DHA, but the net
increase in HDL was significantly larger in men consuming DHA than those consuming EPA
In studies by Brox et al. and Osterud et al., somewhat different net effects were seen with the
different types of oils; however, neither study reported on whether the oils differed from each
other on their effect on HDL *7*. No dose effect of marine oil supplements was evident across
the studies.

Mori et al. found no difference in effect among men consuming various doses of EPA+DHA
either as supplements or as dietary fish ’'. All doses and sources of omega-3 fatty acids resulted
in significant increases in HDL. Finnegan et al. reported no difference in effect with different
omega-3 fatty acid treatments >°.

Only 2 studies tested ALA supplementation, with minimal effect.

Exposure Duration

Five studies reported data on time trends of HDL levels. Leng et al., de Lorgeril et al. and
Finnegan et al. reported no difference in HDL levels at multiple time periods between 8 weeks
and 2 years. ¥’ In contrast, Nilsen et al. reported a steady increase in HDL in patients with
recent myocardial infarctions who started fish oil supplements at 6 weeks (+8%), 6 months
(+14%), and 12 months (+19%); patients on corn oil had variable HDL levels (-0.3%, +4%, and
+7%, respectively). Sacks et al. reported that HDL levels were unchanged at 3 months in healthy
subjects taking fish oil supplements compared to control — decreasing by about 1.5 mg/dL in
both — but that HDL returned to baseline at 6 months, resulting in a small net difference
compared to control. No clear effect across studies is evident based on duration of intervention or
exposure.

Sustainment of Effect

No study reported data on an effect after ceasing omega-3 fatty acid treatment.

Lipids: Triglycerides
(Table 3.5, Figures 3.1 and 3.2)

Elevated levels of triglycerides (Tg) are increasingly being recognized as a risk factor for
CVD, independent of other serum lipids. Elevated Tg are most frequently seen in patients with
the metabolic syndrome, although various secondary and genetic factors can raise Tg. The recent
NCEP guidelines recommend a goal for fasting Tg of less than 150 mg/dL *°. Fish oil’s ability to
lower Tg is considered one of the leading mechanisms by which omega-3 fatty acid consumption
lowers CVD risk *.
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Of the 25 randomized trials with lipid data for at least 60 subjects in parallel trials and 40
subjects in crossover trials who consumed omega-3 fatty acids 19 reported data on Tg (See Table

3.1).

Overall Effect 48,49,52,53,60,63-68,70,71,73,74,76,77,79,81

With few exceptions, Tg levels in the 19 studies decreased by substantial amounts in subjects

taking omega-3 fatty acids, both in absolute amount and compared to control groups. The

changes in Tg were generally highly significant.

Table 3.5 Effects of omega-3 fatty acids on triglycerides (mg/dL) in randomized trials (6 weeks to 2 years)

Omega-3 Fatty Acid Arm * Control Results ° Quality © >
- - ]
» o> =
Author, Year S § 9% 9
N Source g/d N Source iBase NetA P 3 e 8 Y =
DHA/EPA Qils
Cairns, 1996 325 Fish ol ED 54 |328 Cornoil |[235 -64 <05 | B 3 U CVvD 1l
Bonaa, 1992 72 Fish ol ED 51| 72 Cornoil |124 -23 <.01 B 4 Un DyslLip |
';ggiers"a“se”’ 42 © Fish oil ED 4.9 (42° Comoil |150 19 <01 | B 3 Un CVD Il
Bairati, 1992b 66 Fish oil ED 45 : 59 Oliveoil {204 -80 <.0001; B 5 Un CVD I
. pps _ f
Grimsgaard, 75 Purllflled EPA E 38 77 Corn oil 109 -23 .0001 1A 5 un GEN I
1997 72 Purified DHA D 37 110 -29 .0001
. g 61 Fish oil (men) 61 . 1140 -50 .001
Nilsen, 2001 12 Fish oil (women) ED 34 13 Corn oil 123 71 07 3 Un CVvD 1l
Eritsland, 1995b| 260 Fish oil ED 3.3 | 251 No oil 172 -32 <.0001| B 2 Ad cCcvD 1l
Franzen, 1993 |92 " Fish oil ED 3.1 |83" Olive 158 -34 nd C 5 Ad CVD I
26 Cod liver il ED 3.1 113 -28 <.05
27 Seal/Cod oil ED 2.8 . 114 -21 NS
Osterud, 1995 57 Seal oil ED 24 28 No oil 106 14 NS B 2 Un GEN |
26 Whale oil ED 1.7 97 -9 NS
'éggz"'F'rba”k' 55 Fish oil ED 3.0 |55° Oliveoil |221 -74 <001| B 3 Un DysLip |
Maresta, 2002 | 125 Fish oil ED 26'| 132 Oliveoil |160 +5 NS B 3 Un CvD I
i VD
Sirtori, 1998 459 Fish ol ED 1.7'|450 Olive oil [294% -63 <.0001| B 4 Ad r?sk L
Angerer, 2002 | 87 Fish oil ED 1.7 | 84 Fattyacid [194 -22 NS B 4 Ad CvVD Il
2836 Fish ol 2828 Noail 163 -8
GISSI, 1999 2830 Fish oil ™ ED 0.9 2830 VitaminE | 160 -6 <05 | B 3 Un CVDII
Fish and Mediterranean Diets
Singh, 2002 499 Indo-Mediterranean T 1.8 | 501 NCEPI" | 163 -22 <.0001| C 2 Un rf:s\lil:‘)’ 1l
19 Fish (3.8/week) ED 0.9 81 -14 ndP
i - q
Hanninen, 1989 22 Fish (2.3/week) ED 0.5 18 o P?A ) 81 12 nd B 2 Un GEN Il
21 Fish (1.5/week) ED 04 ishiweek | g9 -8 nd ¢
20 Fish (0.9/week) ED 0.2 69 +4 NS
1 H 0,
de Lorgeril, 1717 Medlterranean/. 0.8% 168° Regular | 190 -19 NS c 2 Un CVD Il
1994 Canola margarine Kcal
Combinations
. Fish oil & Olive/Palm/ u K
Mori, 1994 17 Fish diet ! ED 52| 18 Safflower 154~ 65° <001| B 2 Un CVD Il
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Omega-3 Fatty Acid Arm * Control Results ” Quality © >
T
o o> =
Author, Year 3 § 83 9
N Source g/d N Source |Base NetA P E o a 2 =
16 Fish oil ED 4.2 40% fat 4 56 ¢ <.01
. Lot o fat diet
17 Fish diet _& ED 3.0 32 K <.001
Placebo oil
17 Fish oil ED 2.1 21% <05
Fish diet ' & Oil K <
(E R ED 30 | 17 400 cuy 37 % <01
31 E:zﬂg:: margarine / gn 4 7 142 10 NS
Finnegan, 2003 | 30 Fish oil margarine ED 0.8 | 30 ri‘;?gg‘r’:’rf; 146 +6 NS | A 4 Un DysLip |
30 Rapeseedilinseed ) 4 5 147 +23 NS
margarine

nd = no data

a A=ALA; D=DHA;E =EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not statistically
significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d  CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,

healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-

group; III = narrow applicability. See Methods.

Cross-over study.

Non-significant difference in effect between EPA and DHA.

Only subjects who did not change statin treatment are included here.

Maximum. Total analyzed was 172, not 175 (92+83).

5.1 g for 1 month before and 1 month after PTCA, then reduced to 2.6 g for an additional 5 months.

2.6 g/day for first 2 months, then 1.7 g/day for 4 months.

Estimate from graph.

Dyslipidemia and one or more of: hypertension, diabetes, or glucose intolerance.

Plus vitamin E 300 mg.

National Cholesterol Education Program step I prudent diet.

One or more of: hypercholesterolemia, hypertension, diabetes, angina pectoris or myocardial infarction.

P<.02 change from baseline.

P<.10 change from baseline.

Baseline data based on 289 subjects.

Baseline data based on 295 subjects.

Omega-3 fatty acid from fish diet is approximate, assuming that each of 4 different fish was consumed equally.

Mean baseline value for all subjects combined.

£ T®uwroToBg3HRTTSR SO

Sub-populations

The 3 studies of healthy subjects, whose mean Tg levels were normal, generally found net
decreases in Tg levels of about 10% to 25%. Eleven studies included subjects with a variety of
types of CVD, all with mean Tg levels above 150 mg/dL. With the exception of Maresta et al.,
the 11 studies reported net decreases in Tg of between about 10% to 30%, most of which were
statistically significant *'. There was no obvious difference between the study by Maresta et al.
of patients undergoing PTCA and other studies to explain the discordant finding.

Two studies evaluated subjects at increased risk of CVD with different sets of treatments.
Both of these studies found large, significant reductions in Tg. Two of 3 studies of dyslipidemic
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patients reported large net decreases in Tg of 20% or 33%. Finnegan et al., in a study of
moderately hyperlipidemic patients, found different effects of omega-3 fatty acid consumption
on Tg depending on dose and source >*. No study evaluated a population of only diabetic
subjects.

Covariates

Nilsen et al. found similar decreases in Tg among men and women, where the difference in
significance level can be ascribed mostly to sample size . Two studies that performed
regressions both found no substantial change in the significant Tg reduction after adjusting for
age, sex, baseline lipid level, lipid treatment, body mass index and alcohol use *° or change in
weight 7', Grimsgaard et al. reported the effect of purified EPA and DHA on Tg in quartiles of
baseline Tg *°. While the authors did not discuss whether the effect of omega-3 fatty acids was
associated with baseline Tg level, there does appear to be a trend toward greater reduction of Tg
in subjects with higher baseline Tg. Those in the lowest quartile had a net reduction of
approximately 7 mg/dL (10 — 14%); those in the middle two quartiles had net reductions of
between 15 mg/dL and 27 mg/dL (14 — 30%); and those in the highest quartile (128 mg/dL — 319
mg/dL) had net decreases in Tg of about 50 mg/dL (about 28%). Across studies, the average net
decrease in Tg level was larger in studies with higher mean baseline levels, as indicated by
Figure 3.1, in which the meta-regression is not adjusted for dose of omega-3 fatty acid or study
size. After adjusting for dose and the study variance, the association across studies remains
statistically significant. In a separate analysis comparing different percentages of fat in the
diet, Mori et al. also found nearly identical effects in subjects on 30% or 40% fat diets who were
consuming similar amounts of omega-3 fatty acids s
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Figure 3.1 Meta-regression of baseline triglyceride (Tg) level versus net change in Tg. Each point represents
an individual study or study arm. Marine oils include non-fish animal sources including Minke whale and
seal. Regression not adjusted for dose of omega-3 fatty acid or study size.
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Dose and Source Effect

The 4 studies that compared different doses of marine oil supplements found that the greatest
net decrease in Tg level occurred in study arms receiving the highest dose of EPA+DHA,
although none of the articles reported whether there was a significant trend within the study.
Across studies there was a clear trend toward greater percent decrease in Tg with higher doses,
regardless of source (Figure 3.2). At least a 10% reduction in Tg was found in most studies with
doses of at least 1.7 g per day of marine oil supplementation. Most study arms with doses of at
least 3 g per day of marine oil supplements resulted in at least a 20% reduction in Tg. Among the
studies of dietary fish, only the 2 arms with high omega-3 fatty acid fish diets in Mori, et al.
achieved at least a 20% reduction of Tg "".

Grimsgaard et al., overall, found no difference in effect between purified EPA and purified
DHA, although the net decreases in Tg were consistently greater in the DHA group than in the
EPA group across quartiles of baseline Tg °°. Across studies, and within the Mori et al. study ',
the source of the EPA+DHA, whether as a supplement or from dietary fish, does not appear to
make a difference. In contrast, the effect of ALA is uncertain. The single study that evaluated
pure ALA supplementation, Finnegan et al., found increases in Tg levels in subjects on both 4.5
g and 9.5 g per day of ALA margarine (the latter dose is not included in the summary table) .
Both Singh et al. and de Lorgeril et al. provided ALA in the context of a Mediterranean diet,
which also included higher dietary fish intake **7°.
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Figure 3.2 Meta-regression of dose of EPA+DHA intake versus net change in triglycerides (Tg). Each point
represents an individual study or study arm. Separate simple regressions were performed for each oil source
type (except for the individual study arm of combined fish and fish oil). Marine oils include non-fish animal
sources including Minke whale and seal. Regression not adjusted for baseline Tg or study size.
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Exposure Duration

The effect of duration of intervention or exposure was somewhat inconsistent among the 4
studies that reported data on Tg levels at different time points in studies of omega-3 fatty acids.
Hanninen et al. found progressive decreases of Tg at 5 and 12 weeks in group of subjects
consuming higher amounts of fish ®’. Similarly, Nilsen et al found progressive decreases in men,
but not in a small group of women, at 6 weeks, 6 months and 12 months ”*. Sirtori et al. found
that the effect of lower dose fish oil supplementation to reduce Tg occurred by 2 months and
remained stable at 4 and 6 months ”’. In contrast, Finnegan et al. reported a significant decrease
(15%) in mean Tg levels after 2 months which was not sustained at 6 months in the EPA+DHA
arms >>. Across studies, there is no apparent correlation between study duration and fish oil
supplement effect, even after grouping studies by fish oil dosage.

Sustainment of Effect

No study reported data on an effect after ceasing omega-3 fatty acid treatment.

50



Lipoprotein(a)
(Table 3.6)

Lipoprotein(a) [Lp(a)] consists of an LDL core covalently bound to a plasminogen-like
glycoprotein, apolipoprotein(a) *. Elevated levels of Lp(a) are an independent risk factor for
atherosclerotic disease, possibly by promoting thrombosis. Lp(a) levels are largely determined
by genetic polymorphism, specifically the number of K-IV repeats. Steroid hormones, and thus
menopause, affect levels. There is a very large range of Lp(a) levels, from less than 0.1 mg/dL to
more than 300 mg/dL and the distribution can be highly skewed. Treatments available to lower
Lp(a) levels include niacin and hormone replacement therapy (in post-menopausal women).

We found 23 studies that met eligibility criteria and reported data on the effect of omega-3
fatty acids on Lp(a) levels (See Table 3.1). Of these, we analyzed the 14 randomized trials. All
but 2 were parallel trials. The source of fatty acids was marine oil supplements in 12 studies,
dietary fish in 1 study and Mediterranean diet in 1 study.

Overall Effect *%-°%°86283-92

Across the 14 studies there is no consistent effect on Lp(a) levels of omega-3 fatty acid
consumption compared to control. In approximately one-third of the studies the omega-3 fatty
acid study arms had a net increase in Lp(a) level compared to control; in the remaining studies
the net decrease in Lp(a) level was generally small and non-significant. Only 2 studies reported a
statistically significant difference between the effect of omega-3 fatty acid and control, both of
which found a net decrease in Lp(a). However, the variability of Lp(a) levels among subjects
within all the studies resulted in wide confidence intervals which limited the likelihood of
statistically significant findings.

Sub-populations

The 5 studies that evaluated generally healthy subjects found no consistent effect of omega-3
fatty acids on Lp(a). Marckmann et al. found a large net increase of Lp(a) with fish oil
supplement use and Deslypere et al. found a large net increase of Lp(a) in 1 of 3 treatment arms
8% The remaining studies (and study arms) reported generally small effects, which were not
uniform in direction. Five studies evaluated subjects with known CVD, one of which included
only patients with hypertriglyceridemia on simvastatin. The apparent large decrease in Lp(a) in
the latter study, Durrington et al., occurred because the median Lp(a) level rose by less in the fish
oil supplement group than the corn oil group 86, Again no consistent effect was seen. In the only
study of diabetic subjects, Luo et al. found a statistically significant net reduction of Lp(a) of
about 20% with fish oil supplementation **. The 4 studies of subjects with dyslipidemia
(including the one with subjects with CVD on simvastatin) all found that subjects on marine oil
supplements had a net decrease in Lp(a) compared to control; however, none of the changes was
significant.
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Table 3.6 Effects of omega-3 fatty acids on lipoprotein (a) (mg/dL) in randomized trials
(4 weeks to 14 months)

Omega-3 Fatty Acid Arm * Control Results ” Quality © _g
]
Author, . . 9 %’ =
Q
Year N Source g/d N Source |Base NetA P g o § o E‘,
Q o o = =
3 =g <
DHA/EPA Oils
Deslvoere 14 Fish ol T 34 22.5 +10.3 NS
1992yp * | 15 Fish oil T 22| 14 Oliveoil |27.2 +23 NS| B 2 Un GEN |
15 Fish ol T 1.1 221 +4.9 NS
Alaswad, . . Calcium .
1999 11 Fish ol ED 34 i 12 gluconate 78 -11 NS 2 Un DysLip Il
Prisco, 1994 10 Fish oil ED 34 | 10 Olive oil [10.2 -0.9 NS B Un GEN 1l
. e e
Eritsland, 214 " -, o ED 33 1219 Nooi 2O 101 NS| g 2 Ad  CVD I
1995a 6f 50°F [29.7] [-1.5] .02
gi 38 Cod liver ail ED 3.3 . 18.5 -1.7 NS .
Brox, 2001 37 Seal oil ED 26 37 No oil 163 19 NS C 1 Un DysLip |
Durrington, . . . CVD
2001 30 Fish ol ED 3.2 | 29 Corn oil [10.5] [-6.8] NS| A 4 Un DysLip Il
Conquer, 9 Seal oil ED 30 10 EY®MN9 i46 404 NS A 4 Un  GEN Il
1999 primrose
Swahn, . . .
1998 26 Fish ol ED 29 : 27 Cornoil :30.8 -0.7 NS B 5 Un CVD I
Hamazaki, DHA-rich 1.7- .
1996 13 Fish oil ED 20h 11 Cornoil | 120 0 NS B 4 Un GEN 1l
Luo, 1998 10 ' Fish oil ED 18 | 10' Sunflower| 17 -3 <02 B 3 Un DM I
Marckmann, Fish oil T 09 | 24 Sunfloweriis e 301 Ns 3 Un  GEN Il
1997 margarine margarine
Nenseter, . .
2000 34 Fish powder ED 0.2 | 36 Cellulose [13.5] [-0.8] NS B 3 Un DysLip |
Fish and Mediterranean Diets
de Loraeril ~ Mediterranean/ 0.8%
9erl. 14717 canola A VC7° 1168 ¢ Regular | 28 +6 NS C 2 Un CVvD 1l
1994 . Kcal
margarine
Schaefer, . ) 0.7% .
1996 11 High fish ED Keal 11 Lowfish | 38 -3 NS C 1 Un GEN |

a A=ALA;D=DHA; E =EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.
b  Base = baseline level in treatment arm. Numbers in brackets are median values.; Net A = net difference in change in omega-
3 fatty acids arm compared with the change in control arm; for studies with numbers in brackets, the net difference was
estimated by subtracting the final median value from the baseline median value; see Methods; P = P value of difference
between treatment and control arms; NS = not statistically significant.

¢ A =good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and

dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,

healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.

s th o

Baseline Lp(a) <20 mg/dL.
Baseline Lp(a) >= 20 mg/dL.
Data missing from article provided by study author.
Depending on body weight.
Cross-over study.

Baseline data based on 289 subjects.
Baseline data based on 295 subjects.
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Eritsland et al. found that the effect on Lp(a) was not related to age or sex °'. The 2 studies
that excluded pre-menopausal women both found small, non-significant, net reductions in mean
Lp(a) with fish oil supplements or fish diet ****. The 4 studies of men generally found small,
non-significant, net increases in Lp(a) *******!. No study included only women.

Covariates

As shown in the summary table, Eritsland et al. found a differential effect of omega-3 fatty
acids based on baseline Lp(a) level in patients referred for coronary artery bypass graft surgery
¥7 Those with Lp(a) in the upper quintile (> 20 mg/dL) had a small but significant absolute and
net reduction in Lp(a), while the remaining subjects did not. A similar comparison between
subjects with elevated baseline Tg (> 245 mg/dL) and those with lower Tg found no difference in
effect.

Dose and Source Effect

Only 2 studies directly compared different doses of fish oil supplements or different oils.
Deslypere et al. reported no effect on Lp(a) at any of 3 doses of fish oil supplements, although
the mean Lp(a) level rose by almost 50% after 1 year in subjects on the highest dose *. Brox et
al. found no difference between similar doses of cod liver oil and seal oil supplements ®*. Across
studies no differences could be discerned based on marine oil dose or omega-3 fatty acid-rich
diet.

Exposure Duration

Two studies reported Lp(a) data at different time periods. de Lorgeril et al. found no
difference in effect on Lp(a) at 8, 52, and 104 weeks in a study of Mediterranean diet *°. Prisco et
al. also found no difference in effect at 2 and 4 months in a study of fish oil supplements o
Across studies there is no apparent relationship between effect and duration of intervention or
exposure.

Sustainment of Effect

Both Prisco et al. and Deslypere et al. reported no difference between Lp(a) levels while
subjects were on fish oil supplements and at multiple time points up to 6 months after stopping
supplementation ¥,

Apolipoprotein A-I
(Table 3.7)

Apolipoprotein A-I (apo A-I) is the major apolipoprotein of HDL. It serves as a cofactor for
enzymes that metabolize HDL in plasma. Apo A-I levels are strongly correlated with HDL
cholesterol levels, but ratios of HDL to apo A-I do vary. While the effect of omega-3 fatty acids
on lipoprotein-associated cholesterol and apolipoprotein assays are of interest, unlike cholesterol
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levels, apolipoprotein assays, which are antibody specific and are not standardized, are not as
amenable to cross-study comparisons. Furthermore, there are no data to suggest that
apolipoprotein levels are more predictive of CVD risk than lipoprotein cholesterol levels.

We found 61 studies that met eligibility criteria and reported data on the effect of omega-3

fatty acids on apo A-I levels (See Table 3.1). Of these, we analyzed the 27 randomized trials with

data on at least 20 subjects in parallel trials and 15 subjects in crossover trials who consumed
omega-3 fatty acids.

Table 3.7 Effects of omega-3 fatty Acids on apolipoprotein A-l (mg/dL) in randomized trials

(4 weeks to 2 years)

Omega-3 Fatty Acid Arm *°

Control Results ° Quality ° >
- ]
0 o> =
Author, Year 5 s %o Y
N Source gd | N Source Base NetA P 3 o 3 o =
o
DHA/EPA Oils
Wilt, 1989 38 © Fish oil ED6.0|38 °© Safflower 151 -4 NS | B 4 Un DysLip Il
Green, 1990 {27 © Fish oil ED5.2i27 °© Corn/Olive 113 -10 NS | B 4 Un DysLip Il
Bonaa, 1992 71 Fish oil ED5.11 74 Corn oil 155 -7 <.05i B 4 Un DysLip |
?gg%sme”’ 14 © Fish oil ED5.1.38°  Olive oil 116 -2 NS | B 3 Un DysLip Il
Jensen, 1989 (18 ° Cod liver oil ED4.6/18 °© Olive oil 134 -6 NS | B 4 Un IDDM Il
Sirtori, 1992 12 ¢ Fish oil ED4.5{12 ¢ No oil 132 -4 nd: C 2 Un DysLip 1l
fgggcitman, 18 © Fish ol ED4.0i18 °© Safflower 117 -5 NS i B 2 Un DysLip Il
?gggcitman, 13 © Fish ol ED4.0{13 °© Safflower 114 -10 NS : B 2 Un NIDDM 1I
: i . g
Grimsgaard, 75 Pur!f!ed EPA E 3.8 77 Corm oil 138 -4 .02 A 5 Un GEN I
1997 72 Purified DHA D 3.7 138 +2 NS¢
Harris, 1997 22 Fish oil ED3.4| 20 Corn ol 132 +1 NS | B 3 Un Dyslip Il
Nordoy, 1998 | 21 Fish oil ED3.4| 20 Corn ol 142 +1 NS | B 4 Un DyslLip |
Deslvpere 14 Fish oil T 34 137 -17 NS
1900 15 _Fish oil T 22 14 Olive oil 139 7 NS| B 2 Un GEN I
15 Fish oil T1.1 137 -9 NS
12 Fish oil 12 Corn ol 118 +5
. . . h .
Chan, 2002 11 Fish oil & . ED 3.4 12 Corn oil & 128  +3 NS B 3 Un DysLip Il
Atorvastatin Atorvastatin
Eritsland, . . .
1995b 178 Fish oil ED 3.3(174 No oil 124 +2 NS | B 2 Ad CVD I
i 38 Cod liver oil ED 3.3 160 O NS
| . .
Brox, 2001 37 Seal oil ED26 37 No oil 160 +10! NS c 1 Un DysLip |
Durrington, . . . CVD
2001 30 Fish oil ED3.2| 29 Corn oil 90 6 NS | A 4 Un DysLip Il
McGrath, 1996 |23 © Fish oil ED3.0/23 ° Olive ol 119 +2 NS | A 4 Un DMIII
Nikkila, 1991 |32 ® Fish oil ED24/32°  Comoil [109 -2 NS|B 3 Un DiniDp I
Luo, 1998 10 © Fish oil ED1.8/10 °® Sunflower 148 +1 NS | B 3 Un DMIII
Marckmann, | 55 Fioh oil margarine T 0.9| 24~ Sunflower {0 5 Ns|B 3 Un GEN Il
1997 margarine
Continued
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Table 3.7 Effects of omega-3 fatty Acids on apolipoprotein A-l (mg/dL) in randomized trials (continued)

Omega-3 Fatty Acid Arm * Control Results ° Quality © z
S
Author, 2 9%’ 5
Q
Year N Source gld N Source |Base NetA P g 2 §g %
3 o ag. &m
Fish and Mediterranean Diets
19 Fish (3.8/week) ED 0.9 113 0 NS
Hanninen, 22 Fish (2.3/week) ED 0.5 . 117  +2 NS
1989 21 Fish (1.5/week) ED 04 | 18 O4Fishiweekoi— 9 s B 2 Un GENII
20 Fish (0.9/week) ED 0.2 118 0 NS
Agren, 14 Fish (3.7/week) 0.25 126 -14 <.01
1988 15 Fish & low SFA ED 038 12 Fish/week i123 -3 NS B 3 Un  GENII
20 Fish (5/week) 15 Regular 149 +8 NS
Agren, 1991150 Fich (5/week) * ED 075 |53 Reguiar® |159 o n~s| B2 Un GENII
1 H 0,
de Lorgeril, 171 LMedlterranean/. A 0.8% 168™  Regular 124 12 NS| c 2 Un CVD II
1994 Canola margarine Kcal
Combinations
. H H . n +
%Jé);ac, 13 Fish 0I|' ' ED 4.6 6 Olive, Palm, 117n 1 NS B 2 Un GEN I
12 Fatty Fish diet ED 4.5 Saffloweroil 1120" 0 NS
H H o P
Silva, 1996 20 Fish 0|I. ED 3.6 N N 159 -28 ° nd B 3 Un DysLip Il
15 Soya oil A 08¢ 184 -33°nd’
14 Fish oil ED 23 125 -8 NS
Agren, 1996| 14 Algae DHA oil D 17 14 No oil 128 +1 NS| B 3 Un GEN I
13 Fatty Fish diet ED 1.1 120 +1 NS
nd = no data

a A=ALA;D=DHA; E =EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not statistically
significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.

e  Cross-over study.

f  Unclear if 2 studies by Schectman et al. **** are independent of each other. Possible overlap of up to 6 subjects with
NIDDM and hypertriglyceridemia.

g P=.0008 for difference in effect of EPA and DHA.

h  Main effect.

i Data missing from article provided by study author.

j  Only 2 significant digits reported. 10 mg/dL is smallest unit of change possible.

k  Recommended aerobic exercise for 30 minutes 3 times a week.

L Baseline data based on 289 subjects.

m  Baseline data based on 295 subjects.

n  Units were not reported

o  Pre-post difference (not compared to control).

p NS between treatments.

q No data on ALA amount. We assumed 7 g ALA per 100 g oil. 12 g oil.

Overall Effect 48,49,52,62,66,67,85,86,88,89,93-109

Across the 27 studies, effects of omega-3 fatty acids on apo A-I levels were generally
heterogeneous but small. Most studies found a small net change in apo A-I with omega-3 fatty
acid consumption. Three-quarters of studies found net changes between —5% and +5% (-7 to
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+10 mg/dL). No study found a large net increase in apo A-I level. A small number of studies
found larger net decreases of up to 18% reductions (—33 mg/dL).

Sub-populations

Eight studies evaluated healthy people, all single-sex groups (7 male®®#>#%-9>97:100.110 14
female’®), mostly of university students. Four studies evaluated diabetic patients. Thirteen studies
evaluated patients with dyslipidemia, 2 of which were also of patients with CVD. There was one
additional study of patients with CVD. There were no clear patterns of treatment effect or
differences in effect among the sub-populations.

Covariates

Silva et al. reported that sex, body mass index, hypertension, and non-insulin dependent
diabetes did not affect the fish oil or soya oil supplement effect on lipid parameters including apo
A-I in hyperlipidemic subjects '*’. No other study evaluated correlations or sub-analyses based
on apo A-I. Agren et al. (1988) compared the effect of daily fish with daily fish with a low
saturated fat diet in male university students °°. Among subjects on a fish and low saturated fat
diet, apo A-I levels remained essentially unchanged compared to those on a regular diet. In
contrast, subjects on a fish diet who were not told to lower their saturated fat intake had a
significant net decrease in apo A-I that was among the largest net decreases across studies.
However, no comparison was made between the 2 treatment groups, nor were any explanations
for the difference examined or discussed. Three studies compared fish oil to placebo oil
supplements in dyslipidemic patients who were all taking either atorvastatin or simvastatin
9899106 The effects of fish oil supplementation on apo A-I were small in all 3 studies. The effects
were not uniform in direction.

Dose and Source Effect

Neither Deslypere et al. nor Hanninen et al. reported a dose dependent effect on apo A-I of
either fish oil supplements or different frequencies of fish meals °”*. No dose effect was seen
across studies of EPA+DHA either.

Five studies compared different sources of omega-3 fatty acids. Grimsgaard et al. found a
small but significant net decrease in apo A-I with purified EPA compared to a smaller, non-
significant, net increase with purified DHA; the difference between the 2 omega-3 fatty acids
was statistically significant (P = .008) % Brox et al. compared 2 sources of marine oil
supplements: cod liver and seal oil ®*. No effect was found with either treatment. Cobiac et al.
found no treatment effect with either fish oil supplementation or with a fatty fish diet '®°. Silva et
al. found similarly large, significant reductions in apo A-I level in subjects taking either fish oil
or soya oil supplements; however, no non-omega-3 fatty acid was used as a control '”’. Agren et
al. (1996) compared fish oil supplementation, algae DHA oil supplementation, and fatty fish diet
and also found no difference in effect on apo A-I among the groups 7,
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Exposure Duration

Two studies reported apo A-I levels at multiple time points. Neither Hanninen et al. nor de
Lorgeril et al. found any time-related effects of omega-3 fatty acids on apo A-I, at 5 and 12
weeks, and 8, 52, and 104 weeks, respectively *¢.

Sustainment of Effect

Three studies followed subjects after stopping the intervention. Jensen et al. and Deslypere et
al. found no change in apo A-I levels 8 weeks and 6 months, respectively, after stopping fish oil
supplements 8105 In contrast, Agren et al. (1988) reported that 5 months after a 15 week trial of
dietary fish apo A-I levels remained at lowered levels in the fish diet group who had no
limitation of saturated fat; however, they do not indicate what these students’ diets were at
subsequent follow-up *°.

Apolipoprotein B, Apolipoprotein B-100,
and LDL Apolipoprotein B
(Tables 3.8 and 3.9)

Apolipoprotein (apo) B has 2 major subtypes, B-100 and B-48. Apo B-100 is associated with
lipoprotein particles of hepatic origin, specifically very low, intermediate, and low density
lipoproteins (VLDL, IDL, LDL). Its major function is to serve as a ligand for the receptor that
clears these particles from the bloodstream. During the conversion of VLDL to LDL in the
circulation, only apo B-100 remains on LDL. Measures of LDL apo B represent the portion of
total blood apoB-100 that is associated with the LDL subfraction. There is 1 apo B-100 molecule
per LDL particle. A discordance in LDL apoB-100 and LDL cholesterol levels implies a change
in the composition of the LDL particle. Total apo B is thus indicative of VLDL, IDL and LDL
levels, while apo B-100 and LDL apo B are indicative specifically of LDL levels. While the
effect of omega-3 fatty acids on lipoprotein-associated cholesterol and apolipoprotein assays are
of interest, unlike cholesterol levels, apolipoprotein assays, which are antibody specific and are
not standardized, are not as amenable to cross-study comparisons. Furthermore, there are no data
to suggest that apolipoprotein levels are more predictive of CVD risk than lipoprotein cholesterol
levels.

We found 52 studies that met eligibility criteria and reported data on the effect of omega-3
fatty acids on total apo B levels, and 11 studies that reported data on either apo B-100 or LDL
apo B (See Table 3.1). Of these, we analyzed the 25 randomized trials of apo B that had data on
at least 20 subjects in parallel trials and 10 subjects in crossover trials who consumed omega-3
fatty acids. We also analyzed the 10 studies of apo B-100 or LDL apo B, all of which were
randomized.

Overall Effect

Total apo B (Table 3.8) #8:495360.67.718586,83-90.03.95-101103-106.108109 & (e the 25 studies, we
found little consistency in the effect of omega-3 fatty acids on apo B levels. About half the
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studies found a small net increase and half a small net decrease in apo B levels. Only 2 studies
found significant changes in individual study arms, but Deslypere et al. found a significant
decrease and Mori et al. found a significant increase '

Table 3.8 Effects of omega-3 fatty acids on apolipoprotein B (mg/dL) in randomized trials
(4 weeks to 2 years)

Omega-3 Fatty Acid Arm * Control Results ° Quality © >
e
e
Author, 2 Q Z:’ 5
Q Q
Year N Source g/d N Source Base NetA P 3 o § 9 (=3
Q o Q [=A E
3 s <
DHA/EPA Oils
Wilt, 1989 | 38 © Fish oil ED 6.0 |38° Saffower |112 +5 NS 4 Un DysLip Ill
%gg“' 27 © Fish oil ED 52 {27° Com/Olive 122 -5 NS 4 Un DysLip Il
158823’ 71 Fish oil ED 5.1 | 74 Cornoil  |153 -1 NS| B 4 Un DysLip |
?gg%sme”’ 14 ° Fish oil ED 51 [14° Oliveoil [205 +1 NS| B 3 Un DysLip Il
#ggze“' 18 © Cod liver oil ED 46 18°  Oliveoll 109 +6 NS 4 Un IDDM Ii
Sirtori, 1992 | 12 ° Fish oil ED 45 |12° No oil 167 0 NS| C 2 Un DysLip Il
?;gg‘“ma”’ 13 ¢ Fish oil ED 4.0 {13° Safffower | 99 +7 NS| B 2 Un NIDDM II
Grimsgaard,| 75 Purified EPA E 38 . 101 -5 NS
1097 72 Purified DHA D az| /7 Comol Iy 3 Ns| A 5 Un CGEN
nggoy, 21 Fish oil ED 3.4 | 20 Corn ol 108 +1 NS{ B 4 Un DysLip |
Desivoer. |14 _Fish ol T 34 89 -8 <.05
19923"’ > | 15 Fish oil T 22| 14 Olive oil 86 -1 NS| B 2 Un GEN I
15 Fish oil T 11 91 -2 NS
12 Fish ail 12 Corn oil 128 -4
Chan, 2002 1 Fish oil & ED 34 12 Corn oil & 134 -8 NSl B 3 Un DysLip Il
Atorvastatin Atorvastatin
gggqngmn' 30 Fish oil ED 3.2 | 29 Com oil 9% +5 NS| A 4 Un Dy?l_/ig [
'}";Q%rath' 23 ° Fish oil ED 3.0 [23° Oliveoil [95 +1 NS| A 4 Un DMIl I
'1\'3;"1”3’ 32 ° Fish oil ED 24 |32° Comoil |122 +3 NS| B 3 Un Dst?_/ig I
Luo, 1998 | 10 © Fish oil ED 1.8 [10° Sunfower |138 +10 NS 3 Un DMI Il
Marckmann,| o3 Fish oil margarine T 0.9 | 24  Sunflower |5 4 Ns 3 Un GEN Il
1997 margarine
’z“gggeter' 34 Fish powder ED 02|36 Cellulose |133 +2 NS| B 3 Un GEN Il
Fish and Mediterranean Diets
19 Fish (3.8/week) ED 0.9 93 -9 nd
Hanninen, 22 Fish (2.3/week) ED 0.5 . 78 -2 nd
1989 21 Fish (1.5week) ED 0.4 | 10 O4Fishiweek gp—g—g | B 2 Un GENII
20 Fish (0.9/week) ED 0.2 78 0 nd
14 Fish (3.7/week) . 70 -2 NS
Agren, 1988 [~ oo TEE) - ED 08 | 12 0.25 Fishiweek | g3 5 g | B 3 Un  GENII
20 Fish (5/week) 15 Regular 64 +2 NS
Agren, 19911750 Fish (5/week) ° ED0.751723 Regular® | 67 +5 NS B 2 Un GENII
: : . _
?ggLfrge”" 171 “'(\:":gggﬁg‘fga:r/ine ?{ga/f 168' Regular [152 -1 NS| C 2 Un CVD Il
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Table 3.8 Effects of omega-3 fatty acids on apolipoprotein B (mg/dL) in randomized trials (continued)

Omega-3 Fatty Acid Arm * Control Results ” Quality © _g
S
Author, o g%’ =
Q
Year N Source gd |N Source Base NetA P 3 o § o E‘,
(Y] o g = =
< S <
Combinations
17 Fish oil & Fish diet’ ED 5.2 Olive/Palm/ +5- NS
16 Fish oil ED 4.2 18 Safflower +9 L <.05
- 17 Fish oil ED 2.1 k +12 - <.05
Mori, 1994 i o . 143" 712 =YY% B 2 Un GEN I
17 Fish diet | & Placebo ol ED 3.0 40% fat diet +6° NS
i Qil
. . j . L
18 Fish diet ' & Placebo oil ED 3.0 |17 30% fat diet +1° NS
. . . m +
Cobiac, 199112 Fishol ED 46 5  Olive, Paim 1997 +6 NS' o5 Gen
12 Fatty Fish diet ED 4.5 Saffloweroil  |100™ -1 NS
14 Fish oil ED 2.3 72 -3 NS
Agren, 1996 |14 Algae DHA oil D 17|14 No oil 71 -3 NS| B 3 Un GEN Il
13 Fatty Fish diet ED 1.1 75 0 NS
31 EEE g:: margarine/ ED 17 176" +1 NS
Finnegan, - - - Sunflower 5 .
2003 30 ;lsh oil mda/:'-garlned ED 0.8 (30 margarine 174° +3 NS| A 4  Un DyslLip |
30 Rapeseed/Linsee A 45 178° +1 NS
margarine
nd =no data

a A=ALA;D=DHA; E =EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not statistically
significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment

unclear.

See Methods.

d  CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.

T oBg3CRTTT0R SO

Cross-over study.
Main effect.
Recommended aerobic exercise for 30 minutes 3 times a week.
Baseline data based on 289 subjects.
Baseline data based on 295 subjects.
Omega-3 fatty acid from fish diet is approximate, assuming that each of 4 different fish was consumed equally.
Mean baseline value for all subjects combined.
Estimated from graph.
Units were not reported.
Reported as 1.76 mmol/L.
Reported as 1.74 mmol/L.
Reported as 1.78 mmol/L.

Apo B-100 (Table 3.9, top) ***2621% and L DL apo B (Table 3.9, bottom) 9394108111113
The 4 studies of apo B-100 found a range of effects with omega-3 fatty acid consumption. Two
found a decreases in level of less than 5%; the other 2 studies found net increases of 2% and
15%. In contrast, large, significant net increases in LDL apo B were found in 4 of 6 studies (20
to 45 mg/dL).
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Table 3.9 Effects of omega-3 fatty acids on apolipoprotein B-100 and LDL apolipoprotein

randomized trials (1 month to 14 months)

B (mg/dL) in

Omega-3 Fatty Acid Arm * Control Results ° Quality © >
o
o o> 2
Author, Year 3 & 83 S
N Source gld N Source |Base NetA P 3 o a o =
(Y] o o = =
-0
< S <
Apo B-100
DHA/EPA Oils
Eritsland, 1995b 178 Fish oil ED 3.3 |174 No oil 182 +3 NS | B 2 Ad CvD I
- . f
Brox, 2001 ° 38 Cod Ilvler oil ED 3.3 37 No oil 200 -10 : NS 1 Un DysLip |
37 Seal oil ED 2.6 200 -10" NS
DelLany, 1990 ° 5 Fish oil ED 2 | 5 No oil 62 +9 NS | C 1 Un GEN Il
Combinations
; ; h i
Silva, 1996 20 Fish 0|I. ED 3.6. _ _ 188 -3 i nd B 3 Un DysLip II
15 Soya oil A 08’ 222 5" nd'
LDL Apo B
DHA/EPA Qils

Deck, 1989 8 ¥ Fish oil ED 46|8% Cornoil 96 +25 <.05| B 5 Un DysLip Il

Sirtori, 1992 12 ¥ Fish oil ED 4512 No oil 157 +2 NS ! C 2 Un DysLip I

Schectman, 1989 - | 15 * Fish oil ED 4.0i{15% Safflower | 92 +20 nd™ C 2 Un DysLip I

Schectman, 1988 L {13 ¥ Fish oil ED 4.0:i13 % Safflower | 82 +9 <05: B 2 Un NIDDM I

10 Fish oil ED 2.2 . . 100 +45 <.05 .

Radack, 1990 7 Fish oil ED 1.1 8 Olive oil 95 429 <05 B 5 Un DysLip I

Radack, 1991 33 X Fish oil ED 2.0 {33 “ Saffloweroil{ 249 -6 NS | B 5 Ad CVvD I

nd = no data

a A=ALA; D=DHA;E =EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not statistically
significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d  CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.

e  Data missing from article provided by study author.

f  Only 2 significant digits reported. 10 mg/dL is smallest unit of change possible.

g  Possibly not randomized (“[S]ubjects were divided into... treatment groups so that initial mean cholesterol concentration of
each group was similar.”).

h  Pre-post difference (not compared to control).

i NS between treatments.

j  Nodata on ALA amount. Assume 7 g ALA per 100 g oil. 12 g oil.

k  Cross-over study.

L  Unclear if 2 studies by Schectman et al. °*** are independent of each other. Possible overlap of up to 6 subjects with
NIDDM and hypertriglyceridemia.

m Increase in LDL apo B within fish oil arm was significant compared to baseline (P<.05).

Sub-populations

studies of healthy populations (8 of which were in men

Total apo B. The heterogeneity of effects seen across all studies is apparent among the 10
66.67.71.85.89.95.97.100 31 one of which was in

women’®), the 10 studies of dyslipidemic populations (subjects in 2 of which also had CVD), and
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the 3 studies of CVD populations (including those studies with subjects with dyslipidemia). The
4 studies of diabetics, one of which included insulin-dependent diabetics, all found small, non-
significant, net increases in total apo B.

Apo B-100 and LDL apo B. The 2 apo B-100 studies of dyslipidemic patients reported
small net decreases in apo B-100, while the study of patients undergoing coronary bypass
surgery showed a small net increase and the study of healthy, male college students found a
larger net increase in apo B-100. The 5 LDL apo B studies of dyslipidemic or diabetic subjects
found generally large increases in LDL apo B, while the single study of hypertensive subjects
showed a small net decrease.

Covariates

Total apo B. Nenseter et al. performed a subanalysis based on age of the effect of a low-
omega-3 fatty acid fish powder *°. Subjects between ages 30 and 52 years had a significantly
greater rise in apo B level compared to subjects 53 to 70 years old; furthermore age negatively
correlated with the rise in apo B (r = —0.40, P <.04). The authors also imply that the effect was
not correlated with sex. Mori et al. performed a regression adjusting for change in weight and
found a highly significant “group effect” increase in apo B with omega-3 fatty acids (P <.01) "'
Agren et al. (1988), in a study of male university students, found no difference in effect between
2 fish diets that differed in the amount of low saturated fats *°. Three studies compared fish oil to
placebo oil supplements in dyslipidemic patients who were all taking either atorvastatin or
simvastatin ***”'%. The effects of fish oil supplements on apo B were small in all. They were not
uniform in direction.

Apo B-100 and LDL apo B. Silva et al. reported that any effect of fish oil and soya oil
supplements on apo B was not correlated with sex, BMI, hypertension, or diabetes in
hyperlipidemic patients '°”. Schectman et al. found that changes in LDL apo B did not correlate
with baseline differences in diet or with individual changes in diet or body weight °°. Other
studies did not correlate findings with possible covariates. The small number of studies limits
hypothesis generating of possible effect mediators across studies.

Dose and Source Effect

Total apo B. Among studies of fish oil supplements, Deslypere et al. found a significant net
decrease in apo B in subjects on the highest dose of omega-3 fatty acids but smaller non-
significant net decreases with smaller doses *. Among the individual study arms, apo B levels
fell in the arm with a higher dose of fish oil but rose in the lower dose arms (and the olive oil
arm). No dose effect was seen across fish oil supplement studies. Among studies of dietary fish,
Hanninen et al. reported a trend in effect related to different frequencies of fish meals ¢’ Subjects
most frequently consuming fish had the largest, significant reduction in apo B (compared to
baseline). Subjects with intermediate frequencies of fish consumptions (average of 1.5 and 2.3
meals per week) had smaller reductions in apo B with P values (compared to baseline) of less
than .10. Subjects on only about 1 fish meal per week had a non-significant increase in apo B.

Five studies compared different sources of omega-3 fatty acids. Grimsgaard et al. found no
difference in effect between purified EPA and purified DHA °°. Mori et al. compared a variety of
doses of fish oil supplements and combinations of dietary fish and supplemental fish oil, along
with higher and lower percentage fat diets ''. Overall, significant net increases in apo B were
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seen in the subjects who consumed fish oil supplements and were on non-fish diets, but smaller,
non-significant increases were seen in the subjects who were on fish diets, regardless of fish oil
supplementation or percent fat in the diet. Cobiac et al. similarly found that subjects on fish oil
supplement had a net increase in apo B while those on dietary fish had almost no change .
While neither change was statistically significant, there was a trend toward a difference between
the 2 treatments (P = .10). In contrast, Agren et al. (1996) reported small non-significant net
reductions in apo B with fish oil and algae DHA oil supplementation and no effect with fatty fish
diet; although they do not comment on potential differences between groups °’. Finally, Finnegan
et al. reported no effects on apo B and no differences among people consuming different omega-
3 fatty acids from margarine and/or supplements .

Apo B-100 and LDL apo B. Neither Brox et al. nor Silva et al. found a difference in effect
of different omega-3 fatty acids on apo B-100 levels **'”’. Radack et al. (1990) found a similar
large increase in LDL apo B in 2 groups of hypertriglyceridemic patients consuming different
doses of fish oil supplements ''*>. While the increase was greater in the group consuming a higher
dose of fish oil, no analysis was done to compare the effect in the 2 arms.

Exposure Duration

Total apo B. While the authors do not describe an effect of duration of fish consumption, the
data at 5 and 12 weeks in Hanninen et al. may suggest that any effects of dietary fish on apo B do
not occur until after 5 weeks ¢’ At 5 weeks there were essentially no changes in apo B in any of
the study arms, compared to significant and near significant reductions in arms with more
frequent fish consumption. In de Lorgeril et al. a Mediterranean and ALA margarine diet had no
effect on apo B at 8 weeks, 1 year, and 2 years.

Apo B-100 and LDL apo B. In their study of apo B-100, DeLany et al. found that while
there was no difference in effect between 5 g fish oil supplementation and no oil at 5 weeks,
there was a significant increase over time at 0, 2, and 5 weeks in subjects on fish oil supplements
% However, this analysis included 5 subjects who took 20 g fish oil supplements. There was also
a small increase in apo B-100 levels in subjects not consuming oil supplements. Radack et al.

(1990) reported no change in LDL apo B level between measurements at 8, 12, and 20 weeks .

Sustainment of Effect

Total apo B. Three studies followed subjects after stopping the intervention. Both Jensen et
al. and Agren et al. (1988) found no change in apo B levels 8 weeks and 5 months, respectively,
after stopping fish oil supplements *>'*®. Deslypere et al. found that 6 months after stopping
supplements apo B levels rose to similar levels in all groups except those who had been on the
lowest dose fish oil, although no analysis was performed on follow-up data *.

Apo B-100 and LDL apo B. Although Radack et al. (1990) measured LDL apo B levels 4
weeks after stopping treatment ''*, no study reported whether changes in apo B-100 or LDL apo
B levels were sustained.
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Blood Pressure
(Tables 3.10 and 3.11)

Hypertension is a well-known risk factor for atherosclerosis and cardiovascular disease.
Recently the Seventh Report of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure (JNC 7) noted that the relationship between
blood pressure and risk of cardiovascular events is continuous, consistent and independent of
other factors.” The benefits to lowering blood pressure are evident even in people with “pre-
hypertension” (blood pressure of 120-139/80-89).

We found 103 studies that met eligibility criteria and reported data on the effect of omega-3
fatty acids on blood pressure (See Table 3.1). In addition, we found a recent systematic review
with a meta-regression of the blood pressure response to fish oil supplementation ''*. This
thorough review touched on most of the major questions addressed by the current report,
therefore this section relies primarily on the findings of Geleijnse et al. However, they explicitly
excluded studies of diabetic patients. Therefore, we analyzed the 6 randomized trials with data
on blood pressure in diabetic patients that had a minimum of 15 patients in parallel trials and 10
patients in crossover trials who consumed omega-3 fatty acids.

Meta-Regression '"*

Geleijnse et al. collected trials of fish oil supplementation and blood pressure through March
2001. Eligibility criteria were: (1) randomized design, (2) adult study population, and (3)
publication after 1966. Trials were excluded if they included sick or hospitalized patients,
including kidney disease and diabetic patients, or if the intervention was shorter than 2 weeks
duration. A total of 36 trials with 50 omega-3 fatty acid study arms were analyzed. Of note, 6 of
these studies did not meet our eligibility due to high omega-3 fatty acid dose (3), short washout
period in crossover trial (2), or short study duration (1).

The range of trial duration was 3 to 52 weeks and doses of omega-3 fatty acids were less than
1.0 g/day in 1 trial, 1.0 to 1.9 g/day in 5 trials, 2.0 to 2.9 g/day in 4 trials, and 3.0 to 15.0 g/day in
26 trials.

The mean net reduction (controlling for placebo arms) in systolic and diastolic blood
pressure, weighted for study size, was —2.1 mm Hg (95% confidence interval —3.2, —1.0) and
—1.6 mm Hg (-2.2, —1.0), respectively. The mean reductions in systolic and diastolic blood
pressures were somewhat smaller in the 22 double blinded studies. Data on univariate and
multivariate weighted meta-regression analyses performed on study subgroups based on mean
age, sex, mean baseline blood pressure, and mean body mass index are reported. Briefly, systolic
and diastolic blood pressure reductions were significantly larger in older (mean age > 45 years)
than younger populations, and in hypertensive (blood pressure > 140/90 mm Hg) compared to
normotensive populations. A lack of studies in women precluded adequate analysis based on sex.
Body mass index was not associated with blood pressure response to fish oil supplementation. In
addition, trial duration and fish oil dose were not associated with effect.
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Overall Effect in Diabetes Studies "'*"*°

Across the 6 studies of diabetic patients, there were generally small, non-significant effects
of fish oil supplements on systolic (Table 3.10) and diastolic (Table 3.11) blood pressure.
Overall, these study results were similar to the findings of the meta-regression among non-
diabetic populations in their small, but generally inconsistent net effects. One study reported a
small significant reduction in mean diastolic pressure (—2 mm Hg) and 2 reported significant
reductions in mean systolic pressure (-3 and -6 mm Hg).

Covariates

Haines et al., who found non-significant small net increases in blood pressure, reported that
neither sex nor Hgb A levels were related to the effect of fish oil supplements on blood
pressure ' °. No study analyzed data based on age. Across studies there was no clear difference

Table 3.10 Effects of omega-3 fatty acids on systolic blood pressure (mm Hg) in randomized trials of diabetic
subjects (6 weeks to 1 year)

Omega-3 Fatty Acid Arm * | Control Results ° Quality © z

(] 0> 2

Author, Year S § 9% S

N Source g/d :N Source :Base NetA P 3 e 8 Y =

3§ "By <

DHA/EPA Oils
Haines, 1986 19 Fish oil ED 4.6/22 Oliveoil | 135 +1 NS | B 2 Ad IDDM I
Rossing, 1996 ° 14 Cod liver oil ED 4.6/15 Oliveoil | 141 -3 NS | A 3 Un IDDM I
o 17 Purified EPA E 3.8 . .| 137 0 NS

Woodman, 2002 17 Purified DHA D 37 16 Olive oil 139 +7 NS B 3 Un DMII 1l
Lungershausen, 1997 | 16 Fish oil ED 3.4i16 Cornoil i 139 -6 .04 i B 4 Un DMI&II I
Hendra, 1990 37 Fish ail ED 3.0j37 Oliveoil {145 +1 NS | B 4 Un DMII |
Jain, 2002 25 Fish oil ED 0.6]/15 “Placebo”| 127 -3 .0003| C 2 Un DM Il I

a A=ALA;D=DHA; E =EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not statistically
significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d  CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.

e  Mean 24 hour ambulatory blood pressure.

Table 3.11 Effects of omega-3 fatty acids on diastolic blood pressure (mm Hg) in randomized trials of
diabetic subjects (6 weeks to 1 year)

Omega-3 Fatty Acid Arm * | Control Results ° Quality © z
Author, Year S § S35 S
N Source g/d |N Source [Base NetA P E Q. a 2 =
Q o o = B3
< =3 <.
DHAJ/EPA Oils
Haines, 1986 19 Fish oil ED 4.6|22 Olive oil | 81 +2 NS B 2 Ad IDDM I
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Rossing, 1996 ° 14 Cod liver oil ED 4.6{15 Olive oil | 82 -1 NS | A 3 Un IDDM I
e 17 Purified EPA E 3.8 . .| 76 0 NS

Woodman, 2002 17 Purified DHA D 37 16 Olive oil 72 " NS B 3 Un DMII 1l

Lungershausen, 1997 [ 16 Fish oil ED 3.4|16 Cornoil | 81 +1 NS B 4 Un DM I&II 1

Hendra, 1990 37 Fish oil ED 3.0i37 Oliveoil i 85 -3 NS i B 4 Un DMII |

Jain, 2002 25 Fish oil ED 0.6:15 “Placebo”; 82 -2 .0003; C 2 Un DMII I

a-¢ See Table 3.10

among populations with type I or type II diabetes, and there were insufficient data to comment
on age, sex, menopausal status, race, weight or other variables.

Dose and Source Effect

No study compared different doses of omega-3 fatty acids. Woodman et al. compared
purified EPA and purified DHA and found a net fall in mean 24 hour ambulatory systolic blood
pressure in subjects on EPA and a net increase in diastolic pressure; however, there was no
statistical difference between the 2 treatments '*°. Across studies, there is no apparent difference
in effect on systolic blood pressure based on fish oil supplement dose. However, the largest, and
significant, reductions in diastolic pressure were found in the 2 studies with the smallest fish oil
supplementation doses.

Exposure Duration

In 3 studies no differences in effect are noted based on duration of intervention or exposure at
3 and 6 weeks 115, 6 and 12 weeks ”8, or 6 and 12 months '*°.

Sustainment of Effect

No study reported blood pressures after subjects stopped treatment.

Hemoglobin A4
(Table 3.12)

Chronically elevated serum glucose levels, which occur in diabetes, result in elevated levels
of glucose binding to hemoglobin. This bound product, hemoglobin A;. (Hgb A;.), or
glycohemoglobin, is used to measure long-term control of diabetes.

We found 32 studies that met eligibility criteria and reported data on the effect of omega-3
fatty acids on Hgb A levels (See Table 3.1). Of these, we analyzed the 18 randomized trials
with data on at least 10 subjects in either parallel trials or crossover trials who consumed omega-
3 fatty acids.

Overall Effect 77,85,88,93,102,103,106,115,117-126

Across the 18 studies, omega-3 fatty acids had a very small, if any, effect on Hgb A, levels
compared to control. The range of net effects across the studies was —0.4% to +1.0%. Only 1
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study reported a statistically significant reduction in Hgb A;.; however, this study by Jain et al.

found one of the smaller net changes of all studies ',

Sub-populations

As expected, the large majority of studies evaluating Hgb A included diabetic patients.
Fourteen studies analyzed diabetic populations, 3 of which were also dyslipidemic. An additional
2 studies analyzed dyslipidemic patients; 1 included patients with untreated hypertension; and 1
evaluated healthy monks.

While none of the 4 studies of dyslipidemic patients had net reductions in Hgb A levels,
given the small differences in almost all studies, there are no clear difference in effect in the
different populations, including diabetic patients.

Covariates

Schectman et al. found that the effect of fish oil supplements on Hgb A, did not correlate
with baseline differences in diet or with individual changes in diet or body weight *. Toft et al.
and Westerveld et al. reported no change in effect of fish oil supplements on Hgb A after
adjustment for body weight '*>'?®, Likewise, Haines et al reported no relationship between effect
on Hgb A, and sex '"°. Three studies were notable for including only men ***, or because all
subjects were taking simvastatin 1% The effect found in these studies was not clearly different
than that found in studies.

Table 3.12 Effects of omega-3 fatty acids on hemoglobin A4 (%) in randomized trials
(4 weeks to 1 year)

Omega-3 Fatty Acid Arm * Control Results Quality ° >
- - °
(7] 02> 2
Author, Year S & 95 9
N Source gld N Source [Base NetA P 3 o e Y =
DHAJ/EPA Oils
Haines, 1986 19 Fish oil ED 46 |22 Oliveoil |111 +02 NS | B 2 Ad IDDM I
Jensen, 1989 18 ¢ Cod liveroil ED 4.6 |18 ° Oliveoil | 95 +0.1 NS | B 4 Un IDDM I
Rossing, 1996 14 Codliveroil ED 4.6 | 15 Oliveoil | 88 -03 NS | A 3 Un IDDM I
Schectman, 1988 11 ¢ Fish oil ED 4.0 |11 ° Safflower| 79 +0.1 NS | B 2 Un NIDDM I
17 Purified EPA E 3.8 . . 71 +0.2 NS
Woodman, 2002 18 Purifiecd DHA D 3.7 16  Olive oil 75 0 NS B 3 Un DMII 1l
Toft, 1995 38 Fish ail ED 34 |40 Cornoil | 57 +0.1 NS | A 5 Ad CvD 1l
Harris, 1997 22 Fish oil ED 34 |18 Cornoil | 5.3 0 NS | B 3 Un DysLip I
Nordoy, 1998 21 Fish oil ED 34 |20 Cornoil | 58 +0.2 NS | B 4 Un DysLip |
Lungershausen, 1997 | 16 Fish oil ED 3.4 | 16 Corn oil 85 +0.2 NS | B 4 Un DM I
14 Fish oil T 34 48 +0.2 NS
Deslypere, 1992 15 Fish oil T 22|14 Oliveoil | 49 -01 NS | B 2 Un GEN Il
15 Fish oil T 1.1 50 -0.1 NS
Bonnema, 1995 14 Fish oil ED 33|14 Oliveoil | 80 +1.0 NS | A 3 Ad IDDM I
McVeigh, 1993 23 ¢ Fish ol ED 3.0 |23° Oliveoil | 9.6 +0.2 NS | A 4 Un DMII 1l
Pedersen, 2003 23 Fish oil ED 26 |21 Comoil [ 82 00 NS| A 3 Un Désl\'ﬂ"ﬁ [
Luo, 1998 10 © Fish oil ED 1.8 |10 ° Sunflower| 88 -04 NS | B 3 Un DMII 1l
Westerveld, 1993 8 PurifiedEPA E 18| 8 Oliveoil |82f -049 NS | C 3 Un NIDDM I
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8 Purfiecd EPA E 0.9 76 +0.4 NS
Sirtori, 1998 203 Fish oil ED 1.7"{211 Olveoll | 73 +06 NS| B 4 Ad ,\E’IVD%:& |
Jain, 2002 25 Fish oil ED 06 | 15 “Placebo’ | 80 -041 009, C 2 Un__ DMII Il
Fish and Mediterranean Diets
Dunstan, 1997 26 FattyFish T 3623 Nofish |82 +03 06| B 2 Un OYSLP |

a A=ALA; D=DHA;E =EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not statistically
significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,

healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-

group; III = narrow applicability. See Methods.

Cross-over study.

According to text. In table, baseline Hgb A;.=8.6%

Per data in text. Per data in table, net change = -0.8%

2.6 g/day for first 2 months, then 1.7 g/day for 4 months.

S0 h o

Dose and Source Effect

Two studies compared different doses of fish oil supplements. Deslypere et al., in a 1 year
study of healthy Belgian monks, reported no difference in the effect of 3 doses of fish oil or olive
oil . Westerveld et al. also reported no difference in the effect of 2 different doses of fish oil,
purified EPA, or olive oil in non-insulin dependent diabetics '*°. Across studies, there was no
apparent dose effect of fish oil supplements. The only study of dietary fish found a lack of effect
similar to the fish oil supplement studies. Woodman et al. compared purified EPA to DHA in
type II diabetics '*°. No difference was noted between the 2 treatments.

Exposure Duration
Two studies reported treatment effect at multiple time points. In Haines et al. there was a
transient drop in Hgb A by 0.6% (0.5% net) at 3 weeks which reverted to baseline at 6 weeks

"5 The change was not statistically significant. Rossing et al. found no difference in effect
between 6 and 12 months '"°. Across studies there was no apparent effect of treatment duration.

Sustainment of Effect

Jensen et al., in a crossover study, found that Hgb A, remained unchanged 8 weeks after
stopping oil supplementation.

Fasting Blood Sugar (Table 3.13)

Elevated fasting blood sugar (FBS) is a risk factor or indicator of diabetes. People with
diabetes or with altered glucose tolerance have a highly elevated risk of CVD. As discussed in
the introduction, the effect of omega-3 fatty acids on diabetic control is unclear.
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We found 57 studies that met eligibility criteria and reported data on the effect of omega-3
fatty acids on FBS levels (See Table 3.1). Of these, we analyzed the 17 randomized trials with
data on at least 25 subjects in parallel trials and 15 subjects in crossover trials who consumed
omega-3 fatty acids.

Overall Effect 52,53,68,76,77,103,116,117,120,123,125,127-132

The effect of omega-3 fatty acids on FBS was inconsistent across the 17 studies. Four studies
found large and/or near-significant net increases in FBS compared to control; 3 found large
and/or significant net decreases in FBS and the rest found small non-significant changes. Across
the studies, the net effect ranged between a decrease of 29 mg/dL over 8 weeks and an increase
of 25 mg/dL over 6 weeks. Interpretation of the overall data is further complicated by
inconsistent patterns of effect within individual study arms. In omega-3 fatty acid arms and in
control arms, FBS increased from baseline in half the arms and either decreased or remained
unchanged in the other half.

Sub-populations

Seven studies evaluated diabetic populations, 2 of which also had dyslipidemia; an additional
5 studies evaluated patients with dyslipidemia. Three studies included subjects who had CVD or
were at increased risk for CVD (due to either diabetes or dyslipidemia). Two studies were of
healthy populations.

The findings within the diabetic populations were inconsistent. The largest net decrease in
FBS was found by Jensen et al. in the only study of insulin-dependent diabetics '**, while the
largest net increase in FBS with omega-3 fatty acids was seen in Woodman et al. in one of the
studies of type II diabetics '*°. Furthermore in each of the 3 groups of subjects on fish oil
supplements in these 2 studies, FBS rose by approximately 10 or 20 mg/dL; the large difference

Table 3.13 Effects of omega-3 fatty acids on fasting blood sugar (mg/dL) in randomized trials
(4 weeks to 2 years)

Omega-3 Fatty Acid Arm * Control Results ° Quality © >
e
e
Author, 2 o 2 =
Year 3 8 338 o
N Source gld N Source |Base NetA P E oy a 2 =
ifig 2
DHA/EPA Oils

Jensen, e . . e . .

1989 18 © Cod liver oil ED 4.6 |18 Olive oil 178 -29 NS B 4 Un IDDM I
. 19 Purified EPA E 338 191 +2 06 .
Mori, 2000 17 Purified DHA D 37 20  Olive oil 92 3 NS B 4 Un DysLip 1l

Woodman, | 17 Purified EPA E 38 " [134 +25 002

2002 18 Purified DHA p 37| ¢ Olveol g 41 002 | B 3 Un DM
'}";;jf“ess’ 41 Fish oil ED 3438 Comoil | 91 +2 NS | A 3 Un DysLip |
Toft, 1995 | 38 Fish oil ED 3440 Comoil | 99 +2 06 | A Ad CVD i
%ggdt’ 28 Fish oil ED 34|28 Comoil | 8 0 NS | B Un DysLip I
'fg;ﬂﬁ”d' 255 Fish oil ED 33 (245 Nool |8 +1 NS |B 2 Ad cVD i
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Leigh-
Firbank, 55 ¢ Fish oil ED 3.0 |55° Olive ol 99 +3 NS Un DysLip |
2002
';'gggra' 37 Fishoil ED 3.0 37 Olveoil {202 +14 NS Un DMl |
'}";%e'gh’ 23 © Fish oil ED 3.0 [23° Oliveoil | 184 +7 NS Un DMl I
Sirtori, . . f . . DysLip
1998 203 Fish ail ED 1.7'|211 Oliveoil | 149 +2 NS Ad NIDDM |
Jain, 2002 i 25 Fish oil ED 0.6 i 15 “Placebo” { 139 -10 .004 Un DM II I
Fish and Mediterranean Diets
iah 9 ‘o 9 h
Mori, 1999 17 Fatty F!sh i T 37 16 No ﬂ.Sh i 95 +4 ' NS Un cVD I
14 Fatty Fish 16 No fish 94 1 NS
Dunstan, 14 Fatty Fish ' T 36 11 Nofish! {180 -4 NS Un DysLip |
1998 12 Fatty Fish © " 112 Nofish® {160 +5 NS NIDDM
S(')’:)%h' 499 Indo-Mediterranean T 1.8 (501 NCEPI' | 108 -5 <0001 Un CVDrisk ™ Ill
Combinations
16 Fish oil ED 5.2 8 n °
Freese, 6 .IS oi . . B 5 45 nd ~lc 3 Un GEN I
1997a 22 Linseed oil A 59 86 -1° nd
31 Fisnonmargannel gp 47 97 -3 NS
Finnegan, 30" Fish oil margarine  ED 0.8 | 30 Sunflower mo-—3"""Ns ' A 4 Un DysLip |
2003 Rapeseed/Linseed margarne
30 ~apese A 45 9 5 NS
margarine

nd = no data

a A=ALA;D=DHA; E =EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not statistically
significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.

e  Cross-over study.

f 2.6 g/day for first 2 months, then 1.7 g/day for 4 months.

g  Weight-maintaining diet.

h  Estimate from graph.

i Weight-loss diet.

j  Moderate exercise.

k  Light exercise.

L National Cholesterol Education Program step I prudent diet.

m  One or more of: hypercholesterolemia, hypertension, diabetes, angina pectoris or myocardial infarction.

n  Pre-post difference (not compared to control); P<.05 compared to baseline.

o NS between treatments.

p  Pre-post difference (not compared to control); not significantly different than baseline.

in net effect is due to the difference in effect of the olive oil control (+49 mg/dL and —7 mg/dL,
respectively). In the remaining studies of diabetics, the change in FBS was in the same direction
in omega-3 fatty acid arms and control arms; in 6 omega-3 study arms FBS rose from 10 mg/dL
to 23 mg/dL; in 4 arms FBS fell from —2 mg/dL to —16 mg/dL. In studies of diabetics, factors
other than omega-3 fatty acid consumption — such as those related to population characteristics,
other treatments, or study design — appear to have had a greater effect on change in FBS than the
omega-3 fatty acid treatment itself.
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Among the 7 studies of dyslipidemic populations, 2 of which were also diabetic, all found a
small non-significant net effect of omega-3 fatty acids on FBS that ranged from —4 to +5 mg/dL.
Only Dunstan et al. found large changes in individual omega-3 fatty acid arms, which were
related primarily to exercise level and were similar to the changes in the no fish control arms '%’.

The 4 studies of CVD patients or people with an elevated risk of CVD all found small
absolute and net changes in FBS with omega-3 fatty acid consumption. Only Singh et al. found a
significant net change and had a relatively large absolute change (-8 mg/dL) in FBS, although
notably about 20% of the subjects were diabetic, two-thirds were vegetarian, and those subjects
on the Indo-Mediterranean diet on average lost 3 kg more weight than controls "°. In addition,
this study reported uniform, highly significant effects on all serum markers despite widely
ranging effects. A number of statistical calculation errors were also found.

The single study of a healthy population, by Freese et al., found small differences in FBS
with 2 different omega-3 fatty acid treatments (in opposite directions) '**.

Covariates

Schectman et al. found that changes in FBS did not correlate with baseline differences in diet
or with individual changes in diet or body weight **. Two studies of diabetics reported data on
associations between effect and other variables. Hendra et al. reported that the change in FBS
was unrelated to change in weight ''®. Woodman et al. reported that the significant effect
compared to olive oil was unchanged after adjusting for age, sex, and BMI '*. In Mori, et al.
(1999), a study of obese hypertensive subjects, the direction of the absolute and net changes in
FBS appear related to whether subjects were on a weight-reduction diet or not (those on a weight
maintaining diet had increases in FBS, while those on a weight-reduction diet had reductions in
FBS); however, they reported no interaction between fish diet and weight loss on FBS "*'. No
patterns across studies are evident based on reported data on covariates.

Dose and Source Effect

No study directly compared doses of the same source of omega-3 fatty acids. In comparisons
of EPA and DHA, Woodman et al. reported no difference in effect on FBS 120; however, Mori et
al. (2000) reported a trend toward increasing FBS with EPA, but no change with DHA "*?. Freese
et al. reported a significant increase from baseline in FBS with fish oil supplementation
compared to no change with linseed oil; however the difference between the 2 treatments was
reported to be non-significant '**. In a comparison of multiple sources of omega-3 fatty acids,
Finnegan et al. found no significant differences in effect between various doses of either fish oils
or plant oils *. Across studies, there was no discernable difference in effect based on either fish
oil dose or omega-3 fatty acid source among diabetic or dyslipidemic populations.

Exposure Duration

Two studies measured FBS levels at multiple time points. Hendra et al. found that FBS rose
with fish oil supplements at both 3 and 6 weeks, although the net difference with control was
significant only at 3 weeks ''°. In a longer study that measured FBS at 2, 4, and 6 months,
Finnegan et al. found no treatment effect at any time period >. The heterogeneity does not appear
to be related to study duration.
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Sustainment of Effect

Jensen et al., in a crossover study which found that FBS rose by large amounts in both the
high-dose cod liver oil and olive oil supplement arms, found that FBS fell back near baseline
levels 8 weeks after stopping oil supplementation, although none of the levels were significantly
different from each other '®*. Freese et al., who compared fish oil to linseed oil supplements,
reported that FBS, which had risen in the fish oil arm, returned to baseline during a 12 week
follow-up period .

Fasting Insulin
(Table 3.14)

In people with normal glucose levels (euglycemia), elevated fasting insulin levels are
suggestive of insulin resistance, a precursor to type Il diabetes and an independent risk factor for
CVD. The value of insulin levels in those with insulin resistance, including insulin resistance
related to obesity, and diabetes (“hyperglycemia”), is questionable. The effect of omega-3 fatty
acids on insulin resistance and fasting insulin levels is also unclear.

We found 21 studies that met eligibility criteria and reported data on the effect of omega-3
fatty acids on fasting insulin levels (See Table 3.1). Of these, we analyzed the 15 randomized
trials. All but 3 of the trials were also analyzed for data on FBS or Hgb A;..

Overall Effect 52,53,68,77,88,89,106,120,122,125,129,131-134

Baseline levels of fasting insulin varied broadly across studies. In general, studies of non-
insulin-dependent diabetics and obese subjects (under “Studies of “Hyperglycemic” Subjects”)
had higher mean insulin levels than dyslipidemic, hypertensive, or healthy patients (under
Studies of “Euglycemic” Subjects). However, within each population grouping the range of
insulin levels remained broad. Mean insulin levels varied within studies also. In 6 studies,
baseline insulin levels differed between omega-3 fatty acid arms and control arms by 20% to
60%. Among these, Toft et al. reported a significant difference at baseline and Chan et al.
reported no significant difference; the remaining studies did not comment '*>'** In an attempt to
standardize across studies, given the large variation in insulin levels, we calculated net
differences in terms of percent change from baseline instead of absolute changes.
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Table 3.14 Effects of omega-3 fatty acids on fasting insulin (pmol/L) in randomized trials
(4 weeks to 9 months)

Omega-3 Fatty Acid Arm * Control Results ° Quality © >
- - S
T
Author, e _ ok 3
Net 3 o S0 1Y
Year N Source g/d N Source |Base® % A P g o § § %
o
Studies of “Euglycemic” Subjects
DHA/EPA Oils
. 19 Purified EPA E 3.8 . . 9 +28% .04 .
Mori, 2000 17 Purified DHA D 37 20  Olive oil 10 +29% 001 B 4 Un DysLip I
Toft, 1995 38 Fish oil ED 3.4: 40 Corn oil 52 ° -1% NS | A 5 Ad CvD 1
%ggdt’ 28 Fish oil ED 34! 28 Comoil | 66 -15% NS ! B 2 Un DysLip Il
nggoy’ 21 Fish oil ED 34| 20 Comoil | 129 -28% NS | B 4 Un DysLip |
E;';Ss'ﬁ”d’ 255 Fish oil ED 3.3|245 Nooil | 125 -1% NS|B 2 Ad CVD I
Leigh-
Firbank, 55 " Fish oil ED 3.0!55" Olive oil 72 -1% NS ! B 3 Un DysLip |
2002
Marckmann, . . . Sunflower i o
1997 23 Fishoilmargarine T 0.9| 24 margarine 64 -8% NS | B 3 Un GEN I
Fish and Mediterranean Diets
iah | i +149
Mori, 1999 17 Fattyf!sh . T 37 16 NOf.IShL 12 14% NS B 5> Un cvwDk Il
14 Fatty fish 16 No fish 13  -18% NS
Combinations
31 [eholmargarnel gp 4 7 42 0% NS
;6”0”3993”’ 30 Fish oil margarine ED 0.8 | 30 rsn‘;?;'g‘r’l"r?é 57™ 16% NS | A 4 Un DyslLip |
3o RapeseediLinseed ), g 49™ 19% NS
margarine
Studies of “Hyperglycemic” Subjects
DHAJ/EPA Oils
Woodman, 17 Purified EPA E 3.8 . . 98 +4% NS
2002 18 _Purified DHA D 37| 6 Olveol s 39 ~ns| B 3 Un DMILH
Chan, 2003 | 12 Fish oil ED 3.1| 12 Cornoil | 285" +12% NS | A 4 Un GENZ° Il
Rivellese, . . b . . q o DysLip
1996 8 Fishall ED2.6 8 Olive oil | 75 +29% NS | A 3 Un NIDDM Il
Luo, 1998 10 M Fish oil ED 1.8[10" Sunflower| 84 +15% NS | B 3 Un DM 1 1l
Sirtori, 1998 | 203 Fish oil ED17211 Olveoil | 116 -11% NS | B 4 Ad SUP
Fish and Mediterranean Diets
Dunstan, 14 Fatty fish ® T 36 11 Nofish® | 78 -25%' .08 B 2 un Dyslip |
1997 12 Fatty fish | 12 Nofish" | 78 -28%"' .05 NIDDM

a A=ALA;D=DHA; E =EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

b  Base = baseline level in treatment arm; Net % A = net percent difference in change in omega-3 fatty acids arm compared
with the change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not
statistically significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.
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Studies with a greater than 20% difference between treatment and control are noted.

Mean insulin in control arm = 64 pmol/L. Reported to be significantly different than treatment arm.
Mean insulin in control arm = 9 pmol/L. No data on whether significantly different than treatment arm.
Cross-over study.

Mean insulin in control arm = 53 pmol/L. No data on whether significantly different than treatment arm.
Weight-maintaining diet.

Overweight.

Weight-loss diet.

Mean insulin in control arm = 37 pmol/L. No data on whether significantly different than treatment arm.
Mean insulin in control arm = 215 pmol/L. Reported as not significantly different from treatment arm.
Obese men.

2.6 g/day for first 2 months, then 1.7 g/day for 1 month.

Mean insulin in control arm = 121 pmol/L. No data on whether significantly different than treatment arm.
2.6 g/day for first 2 months, then 1.7 g/day for 4 months.

Moderate exercise.

Percent decrease based on baseline level in fish diet arm, derived from regression analysis.

Light exercise.

£ T®wrToT oz HRFTTS@ SO

Across the 15 studies there were a wide range of apparent treatment effects ranging from net
changes of —28% to +29% (or —22 pmol/L in Dunstan et al. '** to +34 pmol/L in Chan et al. '*%).
Approximately one-third of the omega-3 fatty acid study arms had net percent changes of either
greater than +10%, between —10% and +10%, or less than —10%.

Sub-populations

Nine of the studies reported data on essentially euglycemic populations. The remaining 6
studies evaluated diabetic or obese populations in which the fasting insulin level may be of less
value. While the studies with hyperglycemic subjects all had elevated mean fasting insulin
levels, there was a wide range of mean insulin levels in the studies of euglycemic subjects.

Among the studies of euglycemic subjects, the heterogeneity of effect was similar to the
heterogeneity seen across all studies. The heterogeneity was particularly apparent among the
studies of dyslipidemic patients.

Covariates

Among the studies of euglycemic subjects, Mori et al. (1999) reported no interaction between
dietary fish intake and weight loss on insulin levels '*'. However, a weight loss diet resulted in a
reduction of insulin levels, regardless of fish consumption. In addition, there was a net decrease
in insulin levels in subjects who were on a weight loss diet with fish compared to a net increase
in insulin in subjects who were on a weight-maintaining diet. Otherwise, studies did not attempt
to correlate the effect on insulin of covariates. The 3 studies that either included only euglycemic
men **"* or excluded pre-menopausal women '*' had a wide range of effects on insulin levels.
Thus, no potential sex effect could be seen.

No study of hyperglycemic subjects reported a correlation between insulin and covariates. As
in studies of euglycemic subjects the effects on insulin found among the 2 studies of
hyperglycemic men **'** and the study that excluded pre-menopausal women '*° were

heterogeneous.
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Dose and Source Effect

Finnegan et al. compared plant oil margarine to 2 doses of fish oil (as margarine and as both
margarine and supplement) and to omega-6 fatty acid margarine >. None of the differences in
insulin levels was statistically significant and the article does not comment on the relative effects
of different treatments. However, dyslipidemic subjects on ALA margarine had an absolute and
net decrease in fasting insulin, while subjects on low dose fish oil had a small absolute increase
in insulin that was less than the increase in the control group, and subjects on high dose fish oil
had an increase in insulin similar to controls. Across the studies, the effect on insulin does not
appear to be associated with fish oil dose.

Both Mori et al. (2000) and Woodman et al. compared purified EPA to DHA, although in
different populations '*>'*2. No difference was noted between the 2 treatments in both studies.

Exposure Duration and Sustainment of Effect

Only Finnegan et al. measured insulin levels at multiple time points >*. They reported no
treatment-time interaction with insulin levels at 2, 4, and 6 months. No study measured insulin
levels after ceasing omega-3 fatty acid consumption.

C-Reactive Protein
(Table 3.15)

C-reactive protein (CRP) is an acute phase reactant produced in the liver. It is thought to
represent an integrated assessment of the overall state of activation of the inflammatory system.
Recently, a high sensitivity assay for measuring CRP has been developed that can detect levels
of CRP below what was previously considered the ‘normal’ range. A growing body of studies
suggest that elevations in CRP levels detected by the high sensitivity assay predict a poor
cardiovascular prognosis '>°.

All eligible studies that reported on the effect of omega-3 fatty acids on CRP levels were
included; 5 studies qualified. Four were randomized trials of oil supplements or diet; 1 was a
retrospective cross-sectional analysis of usual diet.

Overall Effect 699136138

No study found a significant effect of omega-3 fatty acid consumption on CRP level.
However, CRP levels increased relative to subjects who were on control oils in most study arms
among the 4 randomized trials. In contrast, the cross-sectional study did find that CRP levels
were lower among subjects who ate fish regularly (fish score >4) but the difference was not
statistically significant.
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Sub-populations and Covariates

No study directly compared the effect of omega-3 fatty acids with placebo in different
populations. There was no clear difference in effect across studies based on population. Baseline
CRP levels varied across studies; although the reason for the different CRP levels is not
apparent. Madsen et al. reported that when the 11 subjects with baseline CRP greater than 2
mg/L were analyzed separately, no difference in effect was seen with fish oil supplementation
(as in all subjects) *”. Likewise, the effect of omega-3 fatty acids does not appear to differ across
studies based on average baseline CRP.

The trial by Chan et al. was a factorial study with fish oil supplements and atorvastatin (40
mg/day) in obese men who had a substantially higher baseline CRP than a separate group of 10
lean men (0.49 mg/L) '*°. While atorvastatin did significantly reduce CRP levels (by 0.73 mg/L)
there was no interaction with fish oil.

Table 3.15 Effects of omega-3 fatty acids on C-reactive protein (mg/L) in studies
(4 wk to 3 mo or cross-sectional)

Omega-3 Fatty Acid Arm * Control Results ° Quality ° >
- - °
(7] 0> =
Author, Year S § 979 8
N Source g/d N Source |Base NetA P 3 e 8 Y =
§ o852
RCTs
DHAJ/EPA Oils
20 Fish all ED 5.9 . . i[1.07] [-0.15] NS
Madsen, 2003 20 Fish oil ED 17 20 Olive ail [0.69] [+0.02] NS B 3 Un GEN |
Chan, 2002 12 Fish oil ED 34 12 Cornoil ;211 +0.05 NS°; B 3 Un DysLip I
Plant oils
Rapeseed f Olive or g h
Junker, 2001 18 oil diet T 2.5% '|40 Sunflower 05 +0.11 NS | C 1 Un GEN |

Fish and Mediterranean Diets
Mezzano, 2001 21 Mediterranean T 1.6 121 Red meat| 4.9 +1.7 NS | C 1 In GEN 1l

Cross-Sectional Cohort A
Diets
43 Fish Score 5-6 23 01
Madsen, 2001 | oo Fish Score 7-8 o4 FishScorel 1.9 05" | oyp
102 Fish Score 9-10 2-4 2.1 -0.3"
127 Fish Score 11-12 22 01"

a A=ALA; D=DHA;E =EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

b  Base = baseline level in treatment arm (numbers in square brackets are median values or net differences of median values);
Net A = net difference in change in omega-3 fatty acids arm compared with the change in control arm, see Methods; Cohort
A = difference in CRP between cohort and reference cohort (cross-sectional); P = P value of difference between treatment
and control arms; NS = not statistically significant.

¢ A =good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.

e  Statistical significance based on 23 subjects on Omacor and 25 on placebo, half of whom were also on atorvastatin.
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Kcal.

Median.

Net difference of median values of rapeseed compared to average change in 2 control groups.
Difference between cohort and low-fish cohort (fish score 2-4). Back-calculated from reported In(CRP).

- 5gq =

Dose and Source Effect

No study compared different sources of omega-3 fatty acids. Any differences in effect due to
differing sources across studies could not be appreciated among the few studies. The cross-
sectional study did not find an association between fish score (amount of fish in diet) and CRP
level.

Exposure Duration

Junker et al. evaluated CRP levels at both 2 and 4 weeks. No differences were noted between
baseline and either 2 or 4 weeks °°. Mezzano et al. evaluated CRP levels at 30 days and 90 days
(and also at 60 days after 30 days of added red wine). CRP was unchanged at all observation
points.

Sustainment of Effect

No study re-examined CRP after subjects stopped taking omega-3 fatty acids.

Fibrinogen
(Table 3.16)

Fibrinogen, a liver protein necessary for clotting, has been found to be both increased in
patients with ischemic heart disease and a predictor of cardiovascular events. It is unknown
whether reducing fibrinogen levels would alter cardiovascular risk. In addition, there is currently
no standardized measurement technique.

We found 59 studies that met eligibility criteria and reported data on the effect of omega-3
fatty acids on fibrinogen levels (See Table 3.1). Of these, we analyzed the 24 randomized trials
with data on at least 15 subjects in parallel trials and 10 subjects in crossover trials who
consumed omega-3 fatty acids.

Overall Effect 46,56,69,74,85,89,90,100,115,116,138,140-152

Across the 24 studies there was no consistent effect on fibrinogen levels of omega-3 fatty
acid consumption compared to control. Approximately half the omega-3 fatty acid study arms
resulted in a net increase in fibrinogen level compared to control; in the other half there was
either a net decrease or no effect on fibrinogen level. Only 4 studies reported a statistically
significant difference between the effect of omega-3 fatty acid and control. In 3 of these, the net
decrease of fibrinogen ranged from approximately 5% to 20%. One study reported a significant
net increase of fibrinogen of 11%.
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Sub-populations

Thirteen of the studies evaluated generally healthy subjects. No consistent effect was found
specifically in this population. Four studies evaluated subjects with known CVD: 2 studies of
patients with stable claudication (Gans et al. and Leng et al.) ®*'*, one of patients who were
undergoing coronary bypass (Eritsland et al.) 142 and one of subjects with hypertension (Toft et
al.) 2. All 4 studies found no effect of omega-3 fatty acids on fibrinogen levels. Seven studies
included subjects with diabetes and/or dyslipidemia. Again, there was no consistent effect.
However, the largest (significant) net decrease in fibrinogen was found by Radack et al. in a
group of 10 subjects with hyperlipoproteinemia types IIb or IV on a moderate dose of fish oil
supplement "°'. A significant net increase in fibrinogen was seen by Haines et al. among 19
subjects with insulin-dependent diabetes on a high dose of fish oil supplement, although the
effect was not related to Hgb Alc level. ',

In the study of patients undergoing coronary bypass, Eritsland et al. found that the (lack of)
effect of omega-3 fatty acids on fibrinogen was unchanged after adjusting for multiple factors
including age and sex '**. Seven studies included only men *#>-100-138140.97.199 "y distribution
of effects was similar in this subset of studies as in the whole set. Three of these studies of men
and an one additional study included only younger adults (generally less than 30 or 40 years old)
46.138.140.196 " These studies had results similar to studies of broader age ranges or of older subjects.
Overall, the studies provided insufficient data on race or ethnicity to allow analysis of these
subpopulations. Almost half the studies were performed in Scandinavia and Finland; most of the
remaining are from northern Europe and Australia. Notably the study by Radack et al., which

Table 3.16 Effects of omega-3 fatty acids on fibrinogen (g/L) in randomized trials
(4 weeks to 2 years)

Omega-3 Fatty Acid Arm * Control Results ° Quality © >
- - o
» o2 =
Author, Year S § 8% 9
N Source g/d N Source Base NetA P | 5 e 8 Y =
L I
DHAJ/EPA Oils
Hansen, 1989 {40 ° Cod liver oil ED 58 j40° No oil 24 -01 NS| C 1 Un GEN |
Haines, 1986 | 19 Fish oil ED 4.6 22 Olive oil 27 +0.3 <05/ B 2 Ad IDDM Il
Misso, 1995 12 © Fish ol ED 36 [12° Olive oil 30 +0.2 NS| C 2 Un GEN I
NPT 9
Hansen, 19938 iehoIlTg  ED 36 145 ooy [ 24 #0835 0d b gy gy GEN I
10 Fish oil EE ED 34 24 019 nd
Toft, 1997 38 Fish oil ED 3.4 38 Corn oil 22 +0.2 NS | A 5 Ad CVD 1l
Grundt, 1999 | 28 Ethyl ester i ED 34 28 Corn oil 29 -01 NS | B 2 Un DysLip Il
Nordoy, 2000 | 21 Fish oil ED 34 20 Corn ol 30 +0.1 NS | B 4 Un DysLip |
Deslvpere 14 Fish oil T 34 2.3 -0.1 NS
1992yp ’ 15 Fish oil T 22 14 Olive oil 23 -03 NS | B 2 Un GEN 1l
15 Fish oil T 1.1 20 +0.1 NS
roaaand: 1254 Fish ol ED 33 [249 Nooil |26 01 NS|B 2 Ad CVD Il
26 Cod liver oil ED 3.1 2.6 0.0 NS
27 Seal\Cod oil ED 2.8 . 25 +0.1 NS
Osterud, 1995 27 Seal oil ED 24 28 No oil 26 00 NS B 2 Un GEN |
26 Whale oil ED 1.7 26 -0.1 NS
Hendra, 1990 | 37 Fish oil ED 3.0 37 Olive oil 3.2 +0.2 NS | B 4 Un DMIl |
Gans, 1990 16 Fish oil ED 3.0 16 Corn oil 33 +01 NS | A 3 Ad CvD 1l
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Radack, 1989 8 Olive oil

ish of j
10 Fish oil ED 2.2 32 -06’ <.05 B 3 Un DysLip Il

7 Fish oil ED 1.1 29 00 NS

Marckmann, | ,4 Fish oil T 09 |24 Sunflower ,, 05 NS| B 3 Un GEN I
1997 margarine margarine

ggggeter' 34 Fishpowder ED 02 |36 Celluose |30 -02 NS!B 3 Un DysLip I
Leng, 1998 37 X Fish oil ED 0.045i36 ™ Sunfloweroil i 3.4 +0.04 NS C 4 Ad CvD 1l

Plant Oils
Allman- 15 Flaxseedoil — \~ g0 n| 14 saffoweroil |21 +01 NS| B 2 Un GEN II
Farinelli, 1999 diet ° ) )
. o Olive or p
Junker, 2001 18 Rapeseedoil T 2.5% 40 Sunflower oil 2.3 +0.1 NS | C 1 Un GEN |

Fish and Mediterranean Diets

Muller, 1989 40 Mackerel paste ED 4.7 42 Meatpaste |27 -0.02 NS | B 1 Un GEN I

" q r .

Dunstan, 1999 | Fatt fish T 36 |23  Nofish |22 *02 NSpg 5, Dyslip,

12 Fatty fish ® 33 +0.1" NS NIDDM
g"oeozfa”"’ 21 Mediterranean T 1.6 |21 Redmeat |23 -03 .03, C 1 In  GENII
Combinations
: H t u
Freese, 1997b 24 F.Ish oil . ED 5.2 _ 3 3.1 -0.06 : nd c 3 Un  GEN Il
22 Linseed oil A 59 3.1 +0.05 nd
. 13 Fish oil ED 46 Olive, Palm, |2.35 +0.4 NS
Cobiac, 1991 42 Fattyfishdiet ED 45 | ° Saffloweroil [2.65 -015 <05/ © 2 Y1 GENI
14 Fish oil ED 23 3.6 +0.3 NS
Agren, 1997 14 Algae DHAoil D 1.7 14 No oil 34 +01 NS | B 3 Un GENII
13 Fatty fishdiet ED 1.1 3.4 +0.3 NS

nd = no data

a A=ALA;D=DHA; E =EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not statistically
significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.

e  Cross-over study.

f  Triglycerides.

g P=.09 between treatments.

h  Ethyl esters.

i No data on source.

j P<.05 compared to 1.1 g/day.

k  Baseline data based on N=52.

L  Plus 280 mg gamma linolenic acid (omega-6 fatty acid).

m Baseline data based on N=50.

n  ALA =10% of daily fatty acid intake.

o Kcal

p Difference compared to average change in 2 control groups.

q  Moderate exercise.

r  Estimate from graph. Not clear which control group compared to (or combined). Possibly adjusted for age and sex.

s Light exercise.

t  Pre-post difference (not compared to control).

u NS between treatments.

showed the largest benefit from omega-3 fatty acids and was the only study to show a dose effect

151

(see below), was the only study performed in the United States .
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Covariates

Eritsland et al., Haines et al. and Toft et al. found no association of effect of omega-3 fatty
acids on fibrinogen with various factors including sex, baseline and change in weight, baseline
blood pressure, change in lipids or insulin, or cardiovascular, lipid or antithrombotic drug use
among patients with cardiovascular disease ''>'**'*?, Mezzano et al. found no interaction of wine
consumption with a Mediterranean diet in a multiphase trial '**. No differences were found
among studies with run-in phases of either high- or low-fat diets. No study quantified baseline
fish consumption. Radack et al. reported that the relative effect of higher dose fish oil

supplements was greater with higher baseline fibrinogen values (r = -0.59, P <.01) "',

Dose and Source Effect

Two studies compared different doses of the same omega-3 fatty acid supplements. Radack
et al. found that subjects with dyslipidemia who took 6 g of fish oil supplements (2.2 g
EPA+DHA) for 20 weeks had a relatively large, statistically significant net reduction in
fibrinogen "°'. This effect was significantly greater than in the subjects who took 3 g of fish oil
(1.1 g EPA+DHA), who had no effect. Deslypere et al., however, found no difference in effect
across 3 doses of fish oil supplements (3.4 g, 2.2 g, and 1.1 g EPA+DHA) in monks who took
fish oils for 1 year. Across all studies the effect is not related to omega-3 fatty acid dosage.

Hansen et al. (1993a) reported a possible trend toward greater effect of fish oil ethyl esters
than fish oil triglycerides '*". Osterud et al. found no difference among different marine oils .
Two studies evaluated ALA oils. Both found no effect with dietary flaxseed oil or rapeseed oil
supplements **>°.

Three studies compared fish oil supplements with other sources of omega-3 fatty acids
100140193 “Cobjac et al. found a small significant reduction in fibrinogen only among the subjects
consuming dietary fish; however the significance of the difference between the 2 treatments was
not reported '%°. Overall, there were no clear differences in effect of different sources of omega-3
fatty acids.

Exposure Duration

Across studies, there was no apparent effect on fibrinogen of duration of consumption of
omega-3 fatty acids in studies that reported data from 2 weeks to 2 years. Seven studies reported
fibrinogen levels at various time points **¢*8>113-138:19%.131 “Ajthough mean fibrinogen levels
varied with time in most studies, no study found a difference in effect related to time.

Sustainment of Effect

Two studies, which both found no effect of omega-3 fatty acids on fibrinogen levels, reported
no further change after stopping treatment. Deslypere et al. reported no difference in fibrinogen
levels up to 6 months after 1 year of treatment *. Freese et al. likewise found no difference 4

weeks after finishing 4 weeks of treatment '**.
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Factor VII, Factor VIlll, and von Willebrand Factor
(Tables 3.17, 3.18, and 3.19)

Omega-3 fatty acids affect the clotting system in a number of ways in animal and in vitro
models. Factors VII and VIII and von Willebrand factor (vWF) are factors in the extrinsic
coagulation system that have been suggested to play a crucial role in the initiation of blood
coagulation in atherosclerotic disease, particularly in diabetes '**. Although the mechanism is not
well-established, high vWF levels help to predict cardiovascular events, although the vWF level
is not powerfully predictive in the individual at risk '>*. However, different laboratories use
different methods to measure coagulation factors including antigen or activity level, percent
compared to a standard or concentration, and other variations. This makes comparisons across
studies difficult.

We found 44 studies that met eligibility criteria and reported data on the effect of omega-3
fatty acids on factor VII, factor VIII, and/or vWF (40, 13, and 20 studies, respectively; See Table
3.1). Of these, we analyzed the 23 randomized trials that met additional criteria. For factor VII,
we analyzed studies that had data on at least 15 subjects in parallel trials or 10 subjects in
crossover trials who consumed omega-3 fatty acids (19 studies). For factor VIII and vWF, we
analyzed all randomized trials (5 and 9 studies, respectively).

Overall Effect

Factor V1| (Table 3.17) 4656.7480.90.115.116138140-143,145-147.140.150.152.155 T 00 i it
consistency in effect across the 19 studies of factor VII activity. In general, the net change in
factor VII in subjects consuming omega-3 fatty acids is small (7% change from baseline or less),
although a nearly equal number of studies found net increases as found net decreases in levels.

Table 3.17 Effects of omega-3 fatty acids on factor VIl activity (%) in randomized trials
(4 weeks to 9 months)

Omega-3 Fatty Acid Arm * Control Results Quality © >
- - )
[ 02 =
Author, Year S § 8% o
N Source g/d N Source Base NetA P 3 o 8 Y (=2
L o o = E
< S <
DHA/EPA Oils
Hansen, 1989 |40 © Cod liver oil ED 58 |40°¢ No oil 90 +2 NS | C 1 Un GEN |
Haines, 1986 19 Fish oil ED 46 |22 Olive oll 79 +5 NS | B 2 Ad IDDM Il
. . f -
Hansen, 1993a 1 Fishoil Tg ED 36 |15 Comoi 87 A NS| g 4 Uun GEN I
10 FishoilEEY ED 3.4 83 -2 NS
Toft, 1997 38 Fish oil ED 34 |38 Corn oil 105 +1 NS | A 5 Ad CVD 1l
Grundt, 1999 28 Ethyl ester " ED 34 |28 Corn oil 119 -5 NS | B 2 Un DysLip 1l
Nordoy, 2000 21 Fish oil ED 34 |20 Corn oil 132 -2 NS | B 4 Un DysLip |
Eritsland, 1995c| 90 Fish oil ED 3.3 [107 No oil 109 -6 NS | B 2 Ad CVD 1l
26 Cod liver oll ED 3.1 116" 0 NS
H i
Osterud, 1995 | 2/ SealCodoil  ED 28 |, Nooil |21 *O03 NS oo\ Gen |
27 Seal oil ED 24 1.23"' -0.08 NS
26 Whale oil ED 17 1.20"-0.01 NS
Hendra, 1990 37 Fish oil ED 3.0 |37 Olive oil 94 +22 02| B 4 Un DMIl |
Berrettini, 1996 | 20 Fish oil ED 26 |19 Corn oil 116 0! NS| B 3 Un CvD 1l
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Marckmann, Fish oil Sunflower

23 . T 09 |24 . 104 0 NS| B 3 Un GEN I
1997 margarine margarine
Nenseter, 2000 i 34 Fishpowder ED 0.2 : 36 Cellulose 121 +1 NS i B 3 Un DysLip |

Plant Oils
Allman-Farinell,| 45 Flaxseed oil o 450/ k| 14  Saffioweroil | 83 +3' NS| B 2 Un GEN Il
1999 diet
. L Olive or m

Junker, 2001 18 Rapeseed oil T 2.5% -| 40 Sunflower oil 101 +4 NS | C 1 Un GEN |

Fish and Mediterranean Diets

Muller, 1989 40 Mackerel paste ED 4.7 | 42  Meat paste 9 -05 NS | B 1 Un GEN

. n o] .
14 Fatty fish T 36 |23 No fish 112 +1° NS B o up Dysip
12 Fatty fish ° 113 +5° <05 NIDDM

Dunstan, 1999

Mezzano, 2001 i 21 Mediterranean T 1.6 | 21 Red meat 78 -4 03] C 1 In GEN

Combinations

: ; r

Freese, 1997b |2+ Fishoil ED 52 . - 89 +6% nd' 5y GEN I
22 Linseed oil A 59 90 +59% pnd”’
14 Fish oil ED 23 93 0 NS

Agren, 1997 | 14 Algae DHAoll D 1.7 |14 No oil % 6 NS|B 3 Un GENII
13 Fatty Fish diet ED 1.1 94 2 NS

nd = no data

a A=ALA; D=DHA;E =EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not statistically
significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and

dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,

healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.

Cross-over study.

Triglycerides.

Ethyl esters.

No data on source.

Factor VIIc activity in U/mL.

Estimated from graph.

ALA = 10% of daily fatty acid intake.

Kcal.

Difference compared to average change in 2 control groups.

Moderate exercise.

Estimate from graph. Not clear which control group compared to (or combined). Possibly adjusted for age and sex.
Light exercise.

Pre-post difference (not compared to control).

NS between treatments.

"oT oB g3 HRFTTER SO

Factor VI1I (Table 3.18) 40885115138 give studies reported data on factor VIII activity. (It is
unclear whether Conquer et al. measured factor VIII activity or antigen **.) There is no consistent

effect across studies, with some finding a net increase and some a net decrease in factor VIII
level.
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Table 3.18 Effects of omega-3 fatty acids on factor VIl activity (%) in randomized trials
(6 weeks to 1 year)

Omega-3 Fatty Acid Arm * Control Results Quality © >
() o> 'c__:
Author, Year S § %5 8
N Source g/d N Source Base NetA P | 5 o a o =
[ o g = =
3 =g <
DHA/EPA Oils
Haines, 1986 19 Fish oil ED 46 |22 Olive oil 123 +8 NS | B 2 Ad IDDM Il
14 Fish oil T 34 77 -1 NS
Deslypere, 1992 15 Fish oil T 22 |14 Olive oil 73 -2 NS | B 2 Un GEN Il
15 Fish oil T 1.1 81 +4 NS
c . Evening e
onquer, 1999 9 Seal oil ED 3.0 {10 . 0.85° +0.12 NS i A 4 Un GEN Il
primrose
Plant Oils
fogerrannell, 4 Flaxseed ol A 4oo, 1114 Saffloweroil | 82 .59 NS| B 2 Un GEN I
iet
Fish and Mediterranean Diets
Mezzano, 2001 21 Mediterranean T 1.6 |21 Red meat 68 -5 .006| C 1 In  GEN lll

a A=ALA;D=DHA; E =EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.
b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not statistically

significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.

e  Factor VIII in U/mL (unclear whether activity or antigen).

g0

ALA = 10% of daily fatty acid intake.
Estimated from graph.

von Willebrand Factor (Table 3.19) #0:69848589.147149.150.1%6 Nine studies reported data on
various measurements of VWF using different measurement methods. Some studies were not
explicit about the specific measurement used. Most studies found a net decrease in vWF level (of
up to a 13% reduction from baseline), although in only 1 study was the difference with placebo
reported to be statistically significant.

Table 3.19 Effects of omega-3 fatty acids on von Willebrand factor in randomized trials
(4 weeks to 2 years)

Omega-3 Fatty Acid Arm * Control Results ° Quality ° >
- - S
S
Author, @ o 8 1°=> =
Year N Source g/d N  Source |Base NetA Unit | P 3 § § o %
(Y] o g = E
< =S <
DHAJ/EPA Oils
?gggﬂm’ 22 Fish oil ED 48 |19 Fattyacids| 127 -17 %° |03| B 4 Un DysLip I
. . f
Hansen, 11 F!sh o!l Tg ' ED 3.6 10 Corn oil 100 -13 % 9 nd B 4 Un GEN Il
1993a 10 FishollEE" ED 34 121 -16 nd
Nordoy, . . . o i .
2000 21 Fish ol ED 34 20 Cornoil | 101 -5 % NS| B Un DysLip |
Deslypere, 14 Fish oil T 34 14  Oliveoil | 133 -1 NS| B Un GEN Il
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1992 15 Fish oil T 22 141 -2 %1 INS
15 Fish oil T 1.1 137  +7 NS

Conquer, . Evening K

1999 9 Seal oil ED 3.0 10 primrose 6.9 -05 pg/mL“iNS:i A 4 Un GEN I

Marckmann, 2 Flsh0|l_ T 0.9 24 Sunflovyer 86 6 o © NS | B 3 Un GEN I

1997 margarine margarine

Leng, 1998 (37 - Fish oil ED 0.045™ |36 " S””(f)'icl""’er 118 +7 JUML°|NS| C 4 Ad CVD I
Plant Oils

Allman- .

Farinell, | 15 rlaxseedoil -, a0 p | 44 Safflower | o5 sa o INS| B 2 Un  GEN I
diet oil

1999
Fish and Mediterranean Diets

Muller, 1989, 40 ™Mackerel  pn 42 14, Meat fy . oy INS/ B 1 Un GEN I
paste paste

nd = no data

a A=ALA;D=DHA; E =EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not statistically
significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,

healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-

group; III = narrow applicability. See Methods.

By enzyme-linked immunosorbent assay (ELISA).

Triglycerides.

Factor VIIlI-related antigen, by ELISA.

Ethyl esters.

Activity.

Plasma content, by ELISA.

By rocket immunoelectrophoretic procedure.

Baseline data based on N=52.

Plus 280 mg gamma linolenic acid (omega-6 fatty acid).

Baseline data based on N=50.

Concentration, by ELISA.

ALA = 10% of daily fatty acid intake.

Estimated from graph.

Antigen, by ELISA.

"OoT o B g3 O RATITER SO

Sub-populations

Factor VII. A small, inconsistent effect across studies was found among the 10 studies of a
general population, the 3 studies of populations with CVD, and the 4 studies of people with
dyslipidemia. The only statistically significant effects — both net increases in factor VII — were
seen in 2 of the 3 studies of diabetic patients (one of which included only diabetics with
dyslipidemia). The large increase in factor VII found by Hendra et al. in a 6 week study of fish
oil versus olive oil supplements in non-insulin dependent diabetics was noted to be unexpected in
light of a large decrease in Tg level ''°.

Factor VIII. The single study of insulin dependent diabetics found a larger net increase of
factor VIII than the studies of general populations, although the difference in this study was not
significant. No study measured factor VIII in CVD or dyslipidemic populations.

von Willebrand Factor. With the exception of a low-dose arm in 1 study, the 6 studies of
general populations found either net decreases or no effect in vWF, although none was
statistically significant. The single study of a CVD population was the only study to find an
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overall net increase in vVWF level, although Leng et al. was also an anomaly in that the oil
analyzed was primarily gamma-linolenic acid (GLA, 18:3 n-6), an omega-6 fatty acid, with a
small amount of EPA ® The only study to find a large, statistically significant decrease in vWF
was 1 of the 2 studies of dyslipidemic patients. No study evaluated diabetic patients.

Covariates

Factor VII. Haines et al. found no association between change in factor VII with fish oil
supplementation and either sex or Hgb A, in insulin dependent diabetics ''°. In contrast, in a
study of non-insulin dependent diabetics, Dunstan et al. reported a significant positive
association between the changes in factor VII and fasting blood sugar with a fatty fish diet;
however, dietary fish significantly affected factor VII levels only in subjects who were not in a
moderate exercise program '*'. Eritsland et al. reported no change in (lack of) effect of fish oil
supplements in patients undergoing coronary bypass surgery after controlling for multiple factors
including age, sex, weight, blood pressure, diabetes and CVD medications '**.

In possible contrast to the rest of the studies, only 1 of the 6 studies of male subjects, 3 of
which were of younger men, found a net increase in factor VII; however all effects were small
089,138 140.197.199 " One study in which all subjects were on simvastatin *° found a non-significant
effect of fish oil supplements similar to other studies.

Factor VIII. Haines et al. found no relationship between effect of fish oil supplementation in
insulin dependent diabetics who were taking aspirin on factor VIII and either sex or Hgb A; .
All other studies were in men, most of whom were under age 40 years. There were no other data
relating to other covariates.

von Willebrand Factor. No study reported on correlations between effect on vWF and
covariates. Notably, though, only 2 of the studies included women ***°. The effect of fish oil

supplements in patients on simvastatin was similar to the effect of fish oil alone in other studies
150

Dose and Source Effect

Factor VI1. No study compared different doses of the same omega-3 fatty acid source.
Across studies there does not appear to be a dose effect. Four studies compared different sources
of omega-3 fatty acids. Hansen et al. (1993a) found no difference between fish oil triglycerides
and fish oil ethyl esters '*’. Osterud et al. reported no difference in effect of different marine oils
™ Freese et al. compared similar doses of fish oil and linseed oil supplements and found no
difference between the 2 oils '*. Agren et al. also did not report a difference in effect among fish
oil supplementation, algae DHA oil supplementation, and fatty fish diet '*.

Factor VII1. Only Deslypere et al. compared different doses of fish oil supplements *°. They
reported no difference in effect of fish oil on factor VIII related to dose. None of the studies of
fish oil supplements showed more than a marginal decrease in factor VIII level. In contrast, the
single study of a flaxseed oil diet found a non-significant, approximately 6% net decrease in
factor VIII activity and the single study of Mediterranean diet found a highly significant,
approximately 7% net reduction in factor VIII activity. In the latter study, Mezzano et al. also
found significant reductions in factor VII activity and fibrinogen levels, in contrast to most other
studies "**. They found no association between the effect on factor VIII and either ABO blood
type (which is related to factor VIII level) or CRP, as a marker of inflammation.
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von Willebrand Factor. Deslypere reported no difference in effect on vWF after 1 year in
monks taking 3 different doses of fish oil supplements *°. Hansen found similar effects among
men taking either fish oil triglycerides or fish oil ethyl ester '*’. Across studies, though, the study
by Seljeflot et al., which tested the largest dose of omega-3 fatty acid supplementation, found the
largest, significant decrease in vVWF. However, the study of mackerel paste diet, with a similar
omega-3 fatty acid level, found no effect. The single study of plant oils found a non-significant
decrease in vVWF with an ALA-rich flaxseed oil diet that was similar to most marine oil studies.

Exposure Duration

Factor VII. Five studies measured factor VII levels at different time periods, ranging from 2
to 16 weeks “*!'>13819:153 N differences were seen in factor VII levels at any time point.

Factor VIII. Three studies measured factor VIII activity at different time periods. Haines et
al. found no effect of fish oil supplements on factor VIII at either 3 or 6 weeks ' Deslypere et
al. did find an occasional significant decrease of factor VIII from the second trial month on in
multiple measurements done between 4 weeks and 12 months *°. However, this effect was also
seen in the olive oil group and no net differences were found. Mezzano et al. found similar
responses to Mediterranean diet at both 1 and 3 months .

von Willebrand Factor. Three studies measured vWF at different time periods. Muller et al.
found no change in vWF in either study arm at both 3 and 6 weeks 14 Both Deslypere et al. and
Leng et al. found that vWF levels fluctuated at different time points ranging from 3 weeks to 1
year, but that there were no differences among arms **°.

Sustainment of Effect

Factor VII. Only Freese et al. reported data on factor VII levels after stopping treatment '*.
There was no difference 4 weeks after finishing 4 weeks of treatment compared to either pre- or
post-treatment levels.

Factor VIII and von Willebrand Factor. Only Deslypere et al. reported data on factor VIII
activity and vWF after stopping treatment >. There was a large increase in factor VIII activity in
all study arms, including the olive oil group, at both 1 and 2 months after stopping treatment.
There were no differences between fish oil supplement and control groups. There was no
difference in vWF after treatment.

Platelet Aggregation
(Table 3.20)

Platelet aggregation plays a central role in the pathogenesis of acute atherothrombosis and
has been associated with cardiovascular disease in some, but not all, epidemiological studies.
However, pharmacological agents that inhibit platelet aggregation, such as aspirin, clearly reduce
the incidence of adverse clinical cardiovascular events. The most common method of measuring
platelet aggregation involves in vitro tests of blood samples. Aggregating agents such as
adenosine diphosphate (ADP) and collagen are added to the blood samples, or spontaneously
occurring aggregation is measured. The resulting platelet aggregation is used as a measurement
of the potential for platelets to aggregate in the human body. There is little agreement as to which
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method is most meaningful and little standardization of dose of aggregating agent or test
methodology. Omega-3 fatty acids may directly affect platelets, thus both reducing CVD but also
possibly increasing bleeding risk.

We found 84 studies that met eligibility criteria and reported data on the effect of omega-3
fatty acids on platelet aggregation (See Table 3.1). Of these, we analyzed the 11 randomized
trials with data on at least 15 subjects in parallel trials and 10 subjects in crossover trials who
consumed omega-3 fatty acids and that also reported platelet aggregation in tabular or text
format. Studies that presented platelet aggregation data graphically only were not analyzed. This
additional criterion was used because of the particular difficulty in estimating data from graphs
for this outcome and because of the large number of specific outcomes reported in each study.

Overall Effect 54,57,108,115,116,128,140,157-160

Within the 11 studies, heterogeneous effects of omega-3 fatty acids were generally found
depending on the aggregating agent, the dose of agent, and the measurement metric used.
However, in most studies either no effect on platelet aggregation was found with omega-3 fatty
acids or no difference in effect was seen between treatments and controls.

Sub-populations

Seven studies were performed in generally healthy individuals. Salonen et al., Junker et al.,
and Wensing et al. all found no effect of omega-3 fatty acid consumption and no difference with
control groups in healthy men, non-obese individuals and elderly individuals, respectively
26159160 "Freese et al. (1994) found no significant effect from rapeseed oil supplements in male
students; however, they did find an apparent comparative effect since Trisun sunflower oil,
which was used as the comparison, significantly increased platelet aggregation >*. Hansen et al.,
Freese et al. (1997a), and Agren et al. found mixed effects in younger individuals (Agren at al. in
male students), with significantly decreased platelet aggregation in some study arms with some
specific tests 2514017,

Two studies evaluated hypercholesterolemic subjects, both of which found no effect of
omega-3 fatty acids on measures of platelet aggregation. An additional 2 studies included
diabetic patients. Haines et al. reported no effect among insulin-dependent diabetics, while
Hendra et al. reported small, but significant increases in spontaneous platelet aggregation among
type 2 diabetics ''>''®. However, in the latter study it was also reported, without supporting
evidence, that epinephrine-induced aggregation was unaffected by either treatment or control. No
studies specifically included patients with known or suspected CVD.
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Table 3.20 Effects of omega-3 fatty acids on platelet aggregation in randomized trials (4 to 15 weeks)

Omega-3 Fatty Acid Arm ° Control Results ° Quality © >
°
gl
Author, 2 Q ;:’ 3
Q Q
Year N Source gld N Source Method, Unit Base NetA P g 2 § 9 g
s *rg &
DHA/EPA Oils
14 ° Collagen 0.5 pyg/mL, % 470 +1.2 NS
Wormen 14 ° Collagen 4 pg/mL, % 95.0 +14 NS
Hansen, . . . ADP 2.5 ymol/L, % 81.0 -43 NS
1993b 20 ° Codliveroil ED 5.3 Nooll  1e ilagen 0.5 ugimL, % 560 247 <o} C 1 Un GENII
Men 20 © Collagen 4 pg/mL, % 95.0 -2.6 NS
ADP 2.5 ymol/L, % 76.0 -59 NS
Haines, . . . . |Collagen 1 pg/mL, Unit 49.3 -31 NS
1986 19  Fishoil ED 46 | 22 Olive oil Collagen 10 pg/mL, Unit 591 +22 NS B 2 Ad IDDM 1I
L f ¥
Sirtori, 12¢  Fish oil ED 45 [12° Nooil oolagen ACs, mglL 0.35 +0.05 NS | o 5 yn DysLip I
1992 lloprost ICso, nmol/L 9 0.65 +0.07 NS
Spontaneous 10 min, h 773 +3.2 .06
. h +
Hendra, 35  Fish ol ED 30 |32 Olveoi [opontaneous20min, 703 44 020 o 4 Un pmin
1990 Spontaneous 30 min, 67.4 +47 .02
Spontaneous 60 min, h 629 +4.2 .02
Salonen, . . . . |ADP 2.3-9.0 uymol/L Aggregation extent, mV 16.2 +3.3 NS
1987 20 Fishoil ED 2.7 | 24 Olive ol ADP 2.3-9.0 ymol/L Aggregation velocity, mV/sec 0.16 +0.05 NS B 3 Un GEN |
Plant Qils
Kwon, Canola oll i Safflower |Collagen 1 mg/L Maximum aggregation, Q 43.5 0 NS .
1991 6 Giet T 89% | 14 “idiet |Collagen 2 mg/L Maximum aggregation. Q 463 +15 Ns| © 1 Un Dystip i
ADP 0.5 ymol/L, % 7.8 +19.7% NS
Junk R g Olive or |ADP 2 pmol/L, % 271 +31.4% NS
2‘58 19“ 18 Oifzie:tee T 25%)| 40 Sunflower |Adrenaline 1 pmol/L, % 823 +99% NS|C 1 Un GEN |
oil diet | Adrenaline 4 pmollL, % 851 7.8% NS
Spontaneous 72 +13% NS
ADP 1 pmol/L slope, %/min 199 -54™ .004
T ADP 2 pmol/L slope, %/min 434 95™ .002
risun o/ Imi - m
Freese, 20 Rapgseed A 23%1| 20 Sunflower ADP 3 HmoI/L slope, %/min - 56.4 -6.6™ .001 c 1 Un  GEN Il
1994 oil diet oil diet - | Thrombin 0.12 NIH/mL slope, %/min 207 1.0 NS
Thrombin 0.15 NIH/mL slope, %/min " 335 -3.8 .03
Thrombin 0.18 NIH/mL slope, %/min " 36.7 -3.0™ .02

Continued
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Table 3.20 Effects of omega-3 fatty acids on platelet aggregation in randomized trials (continued)

Omega-3 Fatty Acid Arm * Control Results ” Quality © _°>
Author, e . 9oE %
Year N Source g/d N Source Method, Unit Base NetA P g §- § § %
ERL
Combinations
ADP 1 ymol/L, %/min 344 +38° ndP
ADP 2 umol/L, %/min 60.0 +46° nd°®
16 Fish oil ED 5.2 ADP 3 umollL, %/min __ 723 -07° nd”
Collagen 0.5 pg/mL, %/min 53.3 222° pdP?
Collagen 1 pg/mL, %/min 812 -22° ndf
Collagen 3 ug/mL, %/min 996 -34° npd°®
Freese, 1997a - - ADP 1 pmollL, %/min 348 07° nd® C 3 Un GEN I
ADP 2 pmol/L, %/min 56.3 -16° nd°®
14 Linseed oil A 59 ADP 3 pmolL, %/min__ 668 -50° nd°
Collagen 0.5 pg/mL, %/min 448 96° ndP
Collagen 1 pg/mL, %/min 786 -18° nd°®
Collagen 3 pg/mL, %/min 943 +41° nd°®
ADP 2 pmol/L, %T " 49.9 -5.8 NS
14 Fish oil ED 23 ADP 5 pmol/L, %T " 74.2 9.3 NS
Collagen 50 pg/mL, %T " 513 -31.2 <.05
ADP 2 pymol/L, %T " 37.2 +7.5 NS
’1*35‘;“' 14 Algae DHA oil D 17 [14  Nooil |ADP 5 pmollL, %T" 645 -01 NS | B 3 Un GEN Il
Collagen 50 pg/mL, %T " 39.3 +13.7 NS
ADP 2 pmol/L, %T " 35.1 +4.6 NS
13 Fatty Fish diet ED 11 ADP 5 pmol/L, %T " 70.0 -2.9 NS
Collagen 50 pg/mL, %T " 66.1 -20.7 <.05
ADP 1.5 umol/L Va, % ¢ 48.2 +6.7 NS
14 Fish oil shortening ED 1.6 ADP 1.5 Pmol/L Imax, % * 69.6 +22 NS
Collagen 1.0 pyg/mL Va, % ¢ 46,5 -6.2 NS
Wensing, 1999 11 Sunflpwer Collagen 1.0 pg/mL lmax, % ' 65.7 +2.8 NS 5 9 Un  GEN Il
oil ADP 1.5 ymol/L Va, % ° 529 -1.9 NS
13 Linseed_ oil A 6.5 ADP 1.5 umol/L Imax, % 73.3 -156 NS
shortening Collagen 1.0 pg/mL Va, % ¢ 402 -38 NS
Collagen 1.0 pg/mL Imax, % ' 50.2 +10.4 NS




nd = no data

a A=ALA; D=DHA;E =EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; P = P value of difference between treatment and control arms; NS = not statistically
significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d  CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,

healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-

group; III = narrow applicability. See Methods.

Cross-over study.

Concentration of collagen giving a 50% decrease in optical density.

Concentration of Iloprost resulting in 50% inhibition of platelet aggregation.

Percent platelets remaining after aggregation.

Percent of total methyl esters in diet.

Kcal.

Difference compared to average change in 2 control groups.

High linoleic acid (18:2 n-6) oil.

No significant effect compared to baseline. Significant increase compared to Trisun oil, which increased platelet aggregation

rate.

No definition of unit provided.

Pre-post difference (not compared to control).

Not significant between treatments.

Aggregation velocity.

Maximal velocity.

g R s h o

= QT o B

Covariates

Hansen et al., recognizing that male and female sex hormones have different effects on
platelet function, made an a priori evaluation of the potentially different effect of cod liver oil
supplementation on platelet aggregation in men and women "', Healthy, young, normolipemic
men and women were included in the study. A large, significant decrease in platelet aggregation
with low dose collagen was seen in men on cod liver oil supplements, but not in women (P < .01
men vs. women). Otherwise the effect of fish oil was generally mixed and not different between
the sexes. No explanation was offered for why the effect would have been seen only with low-
dose collagen aggregation. In contrast, Haines et al. made the blanket statement that the baseline
variables smoking, alcohol consumption, and sex were not related to the response to fish oil
supplementation ' °. Four other studies included only men >**""*%!° No clear difference was
seen between these studies and studies that included both men and women. No other covariate
was specifically analyzed in any study.

Dose and Source Effect

No study compared different doses of the same type of oil. Among the studies of fish oil
supplements or diets, there was no clear association across studies between dose and change in
platelet aggregation.

No significant effect was seen in any of the studies of plant oil supplements or diets,
regardless of dose. Two studies compared fish oil (EPA+DHA) to linseed oil (ALA). Freese et al
(1997a) was inconclusive regarding a difference between fish oil and linseed oil supplements '**.
However, Wensing et al. reported that platelet aggregation was prolonged by greater amounts in
subject who consumed fish oil shortening compared to those who consumed linseed oil
shortening '®. Agren et al. compared 3 sources of EPA and/or DHA '*°. Collagen aggregation
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was reduced in subjects on both fish oil supplementation and fish diet, but not in those
consuming pure DHA oil. From this, they concluded that while omega-3 fatty acids impair
platelet aggregation, DHA is less potent than fish oil or dietary fish at moderate doses.

Exposure Duration

Three studies measured platelet aggregation at different time points. Haines et al. and Junker
et al. reported data at 3 and 6 weeks, and 2 and 4 weeks, respectively, but did not comment on a
potential time effect °*''*. However, no apparent difference in effect was seen between the
earlier and later times. Kwon et al. noted that with 2 mg/L collagen aggregation a significant
decrease in platelet aggregation was found at 3 weeks on canola oil diet, which reverted to
baseline by 8 weeks .

Sustainment of Effect

Freese et al. (1997a) reported that the decrease in collagen-induced aggregation in the fish oil

supplement arm did not return to baseline during a 12 week follow-up period, although, the other
tests did ',

Coronary Artery Restenosis
(Table 3.21, Figure 3.3)

The benefit of treatments given after percutaneous transluminal coronary angioplasty
(PTCA) is often measured, in research studies, by performing a subsequent angiography and
measuring the change in the luminal diameter at the sites of dilatation performed in the original
angioplasty. The most common metric is restenosis rate, although there is no single standard
definition of restenosis. Most researchers use minor variations of a 50% narrowing of the dilated
vessel from the immediately post-dilation diameter. In theory, this level of restenosis
corresponds with recurrence of angina, although clearly some patients develop symptoms with
lesser levels of stenosis and some patients stay asymptomatic with greater levels of stenosis. If
omega-3 fatty acids are effective at reducing clinical coronary artery disease, including angina
and myocardial infarction, then the effect should be manifested in the diagnostic testing by
angiography.

We found 17 studies that met eligibility criteria and reported data on coronary arteriography
in patients taking omega-3 fatty acids (See Table 3.1). Of these, we analyzed the 12 randomized
trials with data on restenosis rate after PTCA. Most studies re-evaluated patients at 6 months
after PTCA. Maresta et al. started patients on omega-3 fatty acids 1 month prior to the initial
PTCA . In general, other studies started omega-3 fatty acid treatment up to a week prior to
PTCA.

Overall Effect 536481:161-169

All studies compared a single dosage of fish oil supplementation to control. Definitions of
restenosis, however, were not uniform as noted in the footnotes of the summary table. In
particular, 3 studies included abnormal exercise tolerance tests (ETT) as a potential definition of
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restenosis %171 The results of random effects model meta-analysis are presented in both the

Table 3.21 and Figure 3.3. Overall, although there is heterogeneity among the studies, there is a
trend toward a net reduction of coronary artery restenosis with fish oil supplementation. The
meta-analysis estimate is a lowering of risk of 14% (95% confidence interval —29%, +3%)).

Table 3.21 Effects of omega-3 fatty acids on restenosis in randomized trials
(approximately 3 months to 1 year)

- Quality © >
Author. Year Omega-3 Fatt Control Results ° 3
’ Acid Arm ? g _ o2 =
3 § Sg 8§
3 § 28 g
N Source g/d N Source (CR(%) RR® (95%Cl) | B 2 2= =
< =9 <
o
DHAJ/EPA Oils
Reis, 1989 f 124 Fishoil T 6.0 ;63 Olive oil 22 1.60 (0.95,2.68): B 2 Un CVD |
Cairns, 1996 312 Fishoil ED 5.4 :313 Cornall 45 1.04 (0.88,1.23): B 3 Un CVD I
Dehmer, 1988 43 Fishoil ED 5.4 39 No oil 46 0.40 (0.20,0.82)! B 3 Un CVD I
Johansen, 1999 |196 Fishoil ED 5.0 |192 Corn all 45 1.03 (0.82,1.28)| A 3 Ad CVD |
Milner, 1989 ¢ 84 Fishoil ED 4.5 |99 No oil 35 0.54 (0.32,0.90)| B 3 Un CVD |
Bairati, 1992a 59 Fishoil ED 4.5 |60 Olive oil 48 0.63 (0.40,1.01)| B 5 Un CVD |
Nye, 1990 35 Fishoil ED 3.6 | 34 Olive oil 30 0.38" (0.17,0.84) | C 4 Un CVD |
Franzen, 1993 92 Fishoil ED 3.1 | 83 Olive oil 35 0.93 (0.62,141)| B 5 Ad CVD i
Grigg, 1989 52 Fishoil ED 3.0 | 56 Olive/corn 31 1.09 (0.65,1.84)| C 3 Ad CVD |
Bellamy, 1992 60 Fishoil ED 3.0 | 53 No oil 40 0.80! (0.49,1.32)| C 3 Un CVD |
Kaul, 1992 k 58 Fishoil ED 3.0 :49 No oil 27 1.23 (0.68,2.24)i B 2 Un CVD I
Maresta, 2002 125 Fishoil ED 2.6 -:132 Olive oil 41 0.76 (0.55,1.06): B 3 Un CVD |
REMMA ™ 1,240 1,173 0.86 (0.71,1.03)

a A=ALA;D=DHA; E =EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

b  CR = control rate (the rate of restenosis in the control arm); RR = relative risk; 95% CI = 95% confidence interval.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d  Applicability based on generalizability to patients undergoing percutaneous transluminal coronary angioplasty (PTCA) for
coronary stenosis. I = broadly applicable; II = applicable to sub-group; III = narrow applicability. See Methods.

e Relative risk calculated based on reported data.

f  Three patients refused angiography and underwent exercise tolerance test instead. Angiographic restenosis defined as >70%
narrowing.

g In asymptomatic patients, restenosis defined by abnormal exercise tolerance test. In patients with symptoms, restenosis
defined by either exercise tolerance tests, angiography, or both.

h  Based on lesions, not subjects

i Numbers in various sections of text and graph are not consistent. Data here derived from graph. Apparently, these numbers
are based on numbers of lesions, but this is unclear.

j  Only percentage of patients with restenosis reported. Percentage does not exactly match number of patients reported to have
had follow-up restenosis.

k  In asymptomatic patients, lack of restenosis defined by normal exercise tolerance test. Patients with symptoms or abnormal
exercise tolerance tests underwent angiography.

L 5.1 gfor 1 month before and 1 month after PTCA, then reduced to 2.6 g for an additional 5 months.

m Random effects model meta-analysis. See Methods.

Sub-populations and Covariates

Most studies included all patients who were undergoing first PTCA, therefore with known or
suspected coronary artery disease. No study restricted eligibility to patients with either diabetes
or dyslipidemia. A number of studies performed multivariate analysis including diabetic, lipid,
and cardiovascular variables, generally finding no association between these covariates and
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restenosis in the randomized trials. Only Bairati et al. commented about the effect of multivariate
analysis on the relative risk of restenosis from fish oil supplement treatment '®'. The authors
reported that after controlling for history of hypertension, myocardial infarction, and diabetes,
and for smoking, body mass index, angina class, degree of stenosis, location and number of
stenoses, and ejection fraction, the inverse association between fish oil supplementation and
restenosis was stronger and of higher statistical significance (because of a higher risk profile in
the fish oil group).

Reis et al. and Kaul et al. both compared relative risk of restenosis in men and women;
neither found a significant difference in effect, although both found a higher (worse) relative risk
in women than in men %% In men, the relative risks of restenosis were 1.33 and 1.29,
respectively, compared to 2.20 and 1.78 in women. Notably, though, these 2 studies had the
lowest control rates (the rate of restenosis in the control arm, a commonly used metric to
estimate the underlying severity of disease) and were the only 2 studies with relative risks
substantially greater than 1.0. Interestingly, the 1 study which was restricted to men, Dehmer et
al., had about the lowest relative risk of restenosis among the studies.

Dose and Source Effect

No study compared doses of fish oils and all evaluated only fish oil. Across studies, no effect
is apparent based on dose of fish oil supplement.

Exposure Duration
Each study evaluated restenosis at one time point only. Across studies, the duration of
treatment does not appear to correlate with the relative risk of restenosis. In fact, both the longest

study '°® (12 months) and the shortest study '®* (approximately 3-4 months) had similarly, low
and statistically significant relative risks of restenosis.

Sustainment of Effect

No study re-evaluated for restenosis after stopping treatment.
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Figure 3.3 Random effects model of effect of fish oil on coronary artery restenosis following percutaneous
transluminal coronary angioplasty.

Risk Ratioc 95% Confidence Interval

0.1 0.2 05 1 2 5 10

Study Ye_ar N L L . P " L L P %
1 Reis 1989 187 T 22
2 Kaul 1992 107 b 27
3 Nye 1950 124 i 30
4 Grigg 1989 117  — 31
5 Franzen 1993 175 — 35
& Milner 1989 183 I 35
7 Bellamy 1862 113 0 40
8 Maresta 2002 257 — 41
9 Cairns 1996 625 —— 45
10 Johansen 1999 388 — 45
11 Dehmer 1988 82 * 46
12 Bairati 1992 119 — & 48

Overal 2477 e Sl

Studies arranged by increasing Cantral Rate

Favors Treatment Favors Control

N = number of patients, except for 2 studies that reported number of lesions: Nye '*® had 35 patients on fish oil, 34 on control;
Grigg ' had 52 patients on fish oil, 56 on control. CR% = control rate, the restenosis rate in the control arm.
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Carotid Intima-Media Thickness

(Table 3.22)

Ultrasound measurement of the thickness of the carotid arterial wall, termed carotid intima
media thickness (IMT), has emerged as a practical technique that carries significant prognostic
information in terms of future cardiovascular outcomes '"!"'. There are numerous methods of
measuring carotid IMT, including using different sites and averaging different numbers of
measurements. The more commonly reported methods include measurements of the common
carotid artery and an average of multiple sites in the common and internal carotid arteries and the
carotid bifurcation.

Four studies met eligibility criteria and reported data on the effect of omega-3 fatty acids on
carotid IMT. Only one was a randomized trial of fish oil supplements. A second study reported
IMT measurements only from the intervention arm of a randomized trial of ALA margarine.
Two cross-sectional studies compared residents of a Japanese fishing village to a farming village

and quartiles of white Americans based on ALA intake.

Table 3.22 Effects of omega-3 fatty acids on carotid intima-media thickness (mm) in studies
(2 yr or cross-sectional)

Omega-3 Fatty Results Quality ° _°>
R a e
Author, Acid Arm %’ < S’:’=> g?
=]
Year Control Arm . 3 § 238 &
Arteries Base NetA P o e o3 F
N Source a/d < S <
RCT
DHA/EPA Oils
. . Overall; mean maximum 1.26 +0.02 NS
Angerer, 87 Fish oil ED 1.7 CCA; mean maximum 0.86 +0.02 NS B 4 Ad CVD Il
2002 84 Fatty acid CB; mean maximum 1.54 +0.03 NS
y ICA; mean maximum 111 +0.02 NS
Longitudinal Cohort (No Control) Pre-Post A
Plant Oils
Sooelmans: | 95 ALA margarine A 1.7 Overall; mean 083 +005' <01° ~ =~ — CVD I
Cross-Sectional Cohort A
Plant Oils
175 A 1.2 0.64 -0.06
176 poanto@ A 08 cea J- 060 010 .01
take A 06 »mean 0.63 -0.07 Trend
173 A 04 0.70 -
175 A 1.2 0.94 -0.05
. — >~ Mean total =]
Djousse, 176 | - : A 0.8 i 0.86 -0.13 .0008
— "~ linolenicacid -~ 2 . | — - —
2003 " 174 00 A 06 CB; mean 091 -0.08 Trend GEN |
173 A 04 0.99 -
175 A 1.2 0.71 -0.01
——M total —_ =
176 ool ooy A 0.8 CA: mean 070 002 NS
174 i A 06 » mean 0.70 -0.02 Trend
173 A 04 0.72 --
Fish and Mediterranean Diets
Yamada, |248 Fishing vilage F 146 _ 070 -0.03 -
1997 197 Farming vilage F 84 CCA; mean 0.73 — <05 GEN 1

a A=ALA; D=DHA;E =EPA; ED = EPA+DHA; F = Fish; T = Total omega-3 fatty acids.
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b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; Pre-Post A = change in omega-3 fatty acid arm (no control); Cohort A = difference in
IMT between cohort and reference cohort (cross-sectional); P = P value of difference between treatment and control arms;
NS = not statistically significant.

¢ A =good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d  CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,

healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-

group; III = narrow applicability. See Methods.

CB, Carotid bifurcation; CCA, Common carotid artery; ICA, Internal carotid artery.

Change from baseline.

Compared to baseline.

The N’s represent the number of subjects with baseline data. The numbers of subjects with each measurement of arteries’

IMTs were not recorded. The range of number of arteries measured is 181-348 across arteries.

By staff-administered semi-quantitative food-frequency questionnaire.

Mean values adjusted for sex, age, energy, waist-to-hip ratio, field center, and smoking status.

S5 h @

—_ .

Overall Effect *"7172173

The only placebo-controlled randomized trial found small, non-significant net thickening of
carotid IMT, using 4 different measurements at 24 months, with fish oil supplementation. The
uncontrolled cohort of subjects consuming ALA margarine had a significant thickening in IMT
at 2 years. However, the absolute change in IMT in this cohort of subjects was similar to the
absolute change in IMT in the fish oil supplementation arm in the randomized trial (an absolute
increase of between 0.05 mm and 0.11 mm in the study by Angerer et al.) *'”2. The cross-
sectional studies both found that people with greater dietary intake of omega-3 fatty acids, either
as total linolenic acid or as fish, had significantly thinner IMTs than those with less intake.

Sub-populations and Covariates

Other than study design, the primary difference between the studies that found no effect and
the studies that found a beneficial effect of omega-3 fatty acids is that the former were both trials
in patients with cardiovascular disease and the latter were both studies of generally healthy
individuals. There is insufficient data, however, to conclude that the differences were due to
study populations. There is no evidence among people with diabetes or hyperlipidemia.
Bemelmans et al. performed a regression analysis of predictors of change in IMT among subjects
taking ALA margarine %, Age, sex, blood pressure, LDL, and weight were not predictive of
change in IMT. In addition, change in intake of polyunsaturated fatty acids, cholesterol and
alcohol were not predictive of change in IMT. Change in intake of saturated fatty acids (SFA)
was positively associated, and change in intake of fruit was negatively associated, with change in
IMT in univariate analysis but not in multivariate analysis (although it is not clear what factors
were included in multivariate analysis since none was significant).

In the cross-sectional study, IMT was greater in older than younger subjects in both the
fishing and farming villages. Among younger villagers, IMT was non-significantly lower in the
fishing village than the farming village; however, in subjects in their seventh and eighth decades
IMT was marginally greater in the fishing village.
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Dose and Source Effect, Exposure Duration, Sustainment of Effect

There are insufficient data to draw conclusions regarding dose effect, oil type, duration of
intervention or exposure, or sustainment of effect after stopping omega-3 fatty acids.

Exercise Tolerance Test
(Table 3.23)

The exercise tolerance test (ETT), or stress test, measures the heart’s aerobic exercise
capacity and is a common test to determine clinical severity of coronary artery disease. The
standard method of performing ETT is with the modified Bruce protocol on a treadmill. Some
studies instead used a bicycle ergometer. A wide range of different metrics are used to measure
patients’ performance.

All eligible studies that reported data on the effect of omega-3 fatty acids on ETT were
included; 6 studies qualified. Three were randomized trials and 3 were longitudinal cohort
studies without control arms of subjects with known coronary artery disease who were treated
with fish oil supplements.

Table 3.23 Effects of omega-3 fatty acids on treadmill and bicycle exercise tolerance tests in studies
(6 weeks-6 months)

Omega-3 Fatty Results ° Quality © >
Acid Arm * o > B
(@] —
Author, 5 < o = =
Year Control Arm 3 g § 8 o
Source  g/d N Test Base NetA P 3 o o g- F
o
DHA/EPA Oils
RCTs
Solomon, IFishoil ED 4.6 5 [Work load producing angina,
1990 Olive oil 5 | kwatt-sec 1887 -1.47 NS 1 B 4 Un cvb i
Franzen, |Fishoil ED 3.1 92 |Exercise capacity, kwatt-sec 29 +5.2 NS B 5 Ad cVD i
1993 Olive oil 83 |Sum ST depression, mV 2.0 -0.2 nd
Salachas, |Fishoil ED 3.0 20 [Exercise duration, min 8.2 +1.7 <.05 B 4 Un cVD i
1994 Olive oil 19 |Maximum double product ° 16.5 +6.2 <.05
Longitudinal Cohorts Pre-Post
(No Control) A
. 7 |Peak exercise RPP | 18,800 +300 NS
Warren, |Cod liver X . - f
1988 oil E 3.1 7 |Ratio resting/exercise RPP 045 -008 <05 - - - CVDI
6 |Time to ischemia, min 7.6 +0.9 NS
Verheugt, |-, . Exercise duration, min 6.8 -0.2 NS |
1986 Fishoil ED 3.0 5 Max ST depression, mm 2.6 +0.2 NS CvD |
Peak exercise TPR ¢ 730" 40" <01
i i i " " <05
Toth, Fishoil T 17 10 Peak.exermse .Cardlacllndex 6.3h +1.Oh _ . _ CV.D "
1995 Relative aerobic capacity, % | 70 +10" <01 DysLip
ST score 12"  -04" <05
nd =no data

a A=ALA; D=DHA;E =EPA; ED = EPA+DHA; F = Fish; T = Total omega-3 fatty acids.
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b  Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; Pre-Post A = change in omega-3 fatty acid arm (no control); P = P value of difference;
NS = not statistically significant.

¢ A=good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

d CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,

healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-

group; III = narrow applicability. See Methods.

Maximum heart rate x maximum systolic pressure; likely divided by 1000

Rate-pressure product; equivalent to work load.

Total peripheral resistance during exercise, measured using impedance-cardiography.

Estimated from graph.

Cardiac index during exercise, measured using impedance-cardiography.

~=0e h o

Overall Effect 8174178

The 3 randomized trials each found a small relative improvement in exercise capacity in
subjects with coronary artery disease who took fish oil supplements compared to those who took
olive oil supplements. However, with a single exception, exercise capacity measurements
improved in all study arms, regardless of whether subjects consumed fish oil or olive oil
supplements. The maximum double product (heart rate multiplied by blood pressure) fell by a
non-significant amount in the olive oil arm in Salachas et al. '"*.

Warren et al. evaluated 7 patients with stable angina who took cod liver oil supplements for 6
weeks '"®. Exercise workload and time to ischemia improved, although the changes were not
significant. The ratio of resting to exercise workload fell significantly. Verheugt et al. studied 5
men with moderate to severe exercise-induced angina 77 They were given fish oil for 6 months.
The patients’ angina was sufficiently severe that all ETTs both before and after treatment were
discontinued because of angina symptoms. Essentially no change was found in either exercise
duration or maximal ST depression. Toth et al. enrolled 10 men with coronary artery disease and
hyperlipidemia '"®. They fish oil supplements for 2 months. A variety of measures of cardiac
function significantly improved.

Overall, given the small number of studies and subjects, the different metrics used across
studies, and the lack of placebo control in half the studies, only limited conclusions can be drawn
about the effect of omega-3 fatty acids in improving cardiac function in patients with coronary
artery disease. The studies suggest that fish oil consumption may benefit exercise capacity
among patients with coronary artery disease, although the effect may be small.

Sub-populations, Dose Effect, Duration, Sustainment of Effect

There is no evidence regarding different doses, duration of fish oil consumption, other
omega-3 fatty acids, the effect in various sub-populations, or sustainment of effect.
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Heart Rate Variability
(Table 3.24)

Heart rate variability is measured on 24-hour ambulatory electrocardiography recordings. A
number of different measurements can be used to estimate heart rate variability. The studies of
omega-3 fatty acids primarily measured the mean standard deviation (SD) of the RR interval (the
time between heart beats). Abnormal QRS complexes were excluded. The larger the SD of the
RR interval (SDNN), the greater the variability of the time between heart beats. An increase in
SDNN is protective against ventricular arrhythmias and, in post-myocardial infarction patients, is
protective against mortality '*"'**. Notably, both beta blockers and angiotensin converting
enzyme inhibitors both increase heart rate variability '”°.

Only one set of investigators, in Denmark, have reported data on the effect of omega-3 fatty
acids on heart rate variability in studies that met eligibility criteria. They analyzed 2 sets of
subjects in randomized trials and also analyzed the cross-sectional data of one of the sets of
subjects.

Table 3.24 Effects of omega-3 fatty acids on heart rate variability — SD of RR (msec) — in studies
(12 weeks or cross-sectional) ®

Omega-3 Fatty Acid Arm " Control Results ° Quality ° z
o o> =
Author, Year 3 s %5 9
N Source g/d N Source |Base NetA P| 5 o a 2 =
RCTs
DHAJ/EPA Oils
. 20 Fish oil ED 5.9 . .1 136 +13 NS
Christensen, 1999 20 Fish oil ED 17 20 Olive il 164 +3 NS 4 Un GEN I
Christensen, 1996 26 Fish oil ED 4.3 |23 Olive oil| 115 +18 <.05 4 Ad CVD lll
Cross-sectional Frequency Cohort A
Fish and Mediterranean Diets
18 Fish diet 22x/wk i 119 +169 NS
' f 9 No fish - - CVD Il
Christensen, 1997~ I 5 Fish diet Tx/wk 122 +19° NS

a  Standard deviation of RR intervals on 24 hour ambulatory electrocardiography recordings.

b A=ALA;D=DHA; E=EPA; ED = EPA+DHA; T = Total omega-3 fatty acids.

¢ Base = baseline level in treatment arm; Net A = net difference in change in omega-3 fatty acids arm compared with the
change in control arm, see Methods; Cohort A = difference in IMT between cohort and reference cohort (cross-sectional); P
= P value of difference between treatment and control arms; NS = not statistically significant.

d A =good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

e CVD =history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.

f  Cross-sectional evaluation of baseline data from Christensen, 1996.

Difference between fish cohort and no-fish cohort.

Overall Effect 8183

One randomized controlled trial was performed in 60 healthy volunteers who took either low
or high dose fish oil supplements, or olive oil capsules for 12 weeks '*. No significant effect was
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found either within study arms or compared to olive oil. The authors concluded that among all
subjects, fish oil supplementation had no effect on heart rate variability.

In a randomized trial of 49 patients who had had a recent myocardial infarction and had a
ventricular ejection fraction below 0.40 those who consumed fish oil supplements (for 12 weeks)
had a significant increase in SDNN compared to controls '*'. The authors concluded that omega-
3 fatty acids may increase heart rate variability in survivors of myocardial infarction which may
be protective against ventricular arrhythmias and mortality.

The same patients with recent myocardial infarction were divided at baseline into 3 groups
based on their regular level of fish consumption '®. Both groups who consumed at least 1 fish
meal per week had greater SDNN than those who did not consume fish, though the difference
was not statistically significant. This finding may suggest that dietary fish consumption increases
SDNN and thus is protective against ventricular arrhythmia.

Sub-populations and Covariates

Neither study directly compared healthy subjects with those with CVD. Neither examined
subjects with either diabetes or dyslipidemia. While the effect of fish oil supplementation
appeared greater in the study of subjects with recent myocardial infarction, there is insufficient
evidence to compare the effect in subjects with or without heart disease.

In the study of healthy subjects, sub-group analyses based on sex and baseline SDNN
suggested that the effect of fish oil supplementation was greatest in the 18 men with below
median (<150 msec) baseline SDNN. However, data were not reported for the other 3 subgroups
(women and those with above median SDNN).

Dose and Source Effect and Exposure Duration

The study among healthy subjects compared low and high dose fish oil supplementation.
While it appears that there may be a trend toward increasing SDNN with higher dose fish oil, it
is noteworthy that the subjects on high dose fish oil had no change in their SDNN while those on
olive oil had a decrease in SDNN. Both trials lasted 12 weeks. There is no evidence regarding
the effect of duration of intervention or exposure.

Sustainment of Effect

Neither study re-examined subjects after stopping fish oil supplementation.

Tissue Levels of Dietary Omega-3 Fatty Acids
(Tables 3.25-3.31, Figures 3.4-3.6 [Figures at end of Tissue Levels section])

As noted in Chapter 1, in theory, the most immediate outcome related to omega-3 fatty acid
intake is a change in tissue levels of the fatty acids. In this section, we review studies that
examined the correlation between omega-3 fatty acid intake and tissue levels. Among studies
analyzed for other outcomes, we found 60 studies that reported data on the association between
omega-3 fatty acid consumption and changes in omega-3 fatty acid composition in various
tissues. Of these, we analyzed the 33 largest randomized trials that reported percent phospholipid
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levels in either plasma or serum or in 1 of 4 blood cell membranes (Table 3.25). For plasma and
serum phospholipid composition and for platelet phospholipid composition we analyzed
randomized trials with data on at least 25 subjects and crossover trials with at least 20 subjects in
omega-3 treatment arms. Because few studies reported erythrocyte, granulocyte, or monocyte
membrane phospholipid compositions, we analyzed all eligible randomized trials.

Summary (Table 3.26)

Meta-regression revealed direct relationships between dose of consumed EPA+DHA and
changes in measured levels of EPA and DHA, either as plasma or serum phospholipids, platelet
phospholipids, or erythrocyte membranes. The correlation between dose and change in level
appears to be fairly uniform, where 1 g supplementation of EPA and/or DHA is associated with,
approximately, a 1% increase in EPA+DHA level. Granulocyte and monocyte membrane
phospholipid levels also increased by roughly similar amounts after omega-3 fatty acid
supplementation in individual studies. In these studies, ALA level did not change significantly
after supplementation in any blood marker. In most studies, there was a decrease in arachidonic
acid (AA, 20:4 n-6) level, which corresponded to the increase in EPA+DHA level.

Among eligible studies, only 3 included ALA supplementation arms >>'*"'%’_ The dose of
ALA in these 3 studies ranged from 4.5 to 9.5 g/d. The studies consistently found an increase in
both ALA and EPA levels in the blood markers, at these doses of ALA. In contrast, there was no
significant change in DHA level when lower dose of ALA was used (up to 6.8 g/d) but in the
study arm that received 9.5 g/d ALA a significant increase in DHA level was also found.

Table 3.25. Studies reporting plasmal/serum, platelet, erythrocyte, and other phospholipid changes

Study Study N2 Plasma or Platelet RBC Granulocyte Monocyte
Design Serum PL PL PL PL PL

Agren, 1988 RCT 29 N N

Agren, 1991 RCT 49 N N

Agren, 1996 RCT 41 Y

Angerer, 2002 RCT 87 N

Bonaa, 1992 RCT 72 N

Brox, 2001 RCT 80 N

Cobiac, 1991 RCT 25 N

Dehmer, 1988 RCT 43 v

Dunstan, 1997 RCT 26 VP

Dunstan, 1999 RCT 26 VP

Finnegan, 2003 RCT 116 \°

Freese, 1997b RCT 29 e

Green, 1990 Crossover 27 N v v

Grimsgaard, 1997 RCT 147 N

Grundt, 1995 RCT 28 N

Haines, 1986 RCT 19 v

Hansen, 1989 Crossover 40 N N

Hansen, 1993b Crossover 34 N

Hendra, 1990 RCT 37 N

Leigh-Firbank, 2002 Crossover 55 B

Luo, 1998 Crossover 10 v

Madsen, 2003 RCT 40 v v

McVeigh, 1993 Crossover 23 v

Mori, 1994 RCT 85 v

Mori, 1999 RCT 27 VP

Mori, 2000 RCT 36 N v
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Nenseter, 2000 RCT 34 N

Osterud, 1995 RCT 106 N
Rivellese, 1996 RCT 8 v
Sacks, 1994 RCT 60 N
Solomon, 1990 RCT 5 v
Wensing, 1999 RCT 27 Ve
Woodman, 2002 RCT 35 N

PL = phospholipids; RBC = red blood cell (erythrocyte); RCT = randomized controlled trial.
a  Subjects consuming omega-3 fatty acids.

b Study reported total omega-3 fatty acids only. Not in the meta-regression analyses.

¢ Study included an ALA treatment arm.

Table 3.26. Association of EPA+DHA consumption and tissue levels. Meta-Regression Results

. a SE ° of 2
Markers Studies Arms ® Slope Slope Intercept r P value

Plasma or serum phospholipids 15 28 0.93 0.20 1.41 0.45 <.001

Excluding studies with incomplete data ° 12 24 1.24 0.20 0.89 0.63 <.001
Platelet phospholipids 12 20 0.74 0.16 1.16 0.52 <.001

Excluding studies with incomplete data ¢ 10 18 0.80 0.12 1.25 0.72  <.001
Erythrocyte membrane 10 13 0.63 0.40 3.22 0.1 14

Excluding studies with incomplete data ° 9 12 1.05 0.37 2.69 0.39 .02
Granulocyte membrane 1 2 --
Monocyte membrane 1 1 --

a  Number of separate study arms of subjects who consumed omega-3 fatty acids.

b  Standard error. Use number of treatment arms to back-calculate standard deviation.

¢ Hansen, 1989 *®; Hansen, 1993b ©*7; Green, 1990 '°!; Sacks, 1994 7 were excluded because only change of EPA in the
marker’s phospholipid profile was reported.

d  Green, 1990 '°'; Hendra, 1990 ''® were excluded because only change of EPA in the marker’s phospholipid profile was
reported.

e Green, 1990 ' was excluded because only the change of EPA in the marker’s phospholipid profile was reported.

Plasma or Serum Phospholipid

CompOSition 48,53,62,66,74,90,97,100,101,120,129,131,132,146,157,184 (Table 3.27, Figure 3.4)

EPA/DHA. For plasma and serum phospholipid composition, 16 randomized trials with 30
omega-3 fatty acid arms were initially included; however, we excluded 1 study that reported only
total omega-3 fatty acid dose and levels "*'. Among the 15 trials of EPA and/or DHA
supplementation (which had 28 treatment arms), the dose of EPA+DHA ranged from 0.2 to 5.8
g/day. Study populations include general healthy population, and people with diabetes,
dyslipidemia or cardiovascular diseases. Meta-regression shows a significant dose-response
relationship between the dietary EPA and DHA supplementations and the changes in EPA+DHA
compositions in plasma or serum phospholipids across studies. Across studies, the effect was
similar regardless of source of EPA or DHA. Three studies compared purified EPA to purified
DHA 12132 A1l found that purified EPA increased EPA and decreased DHA in plasma
phospholipid and that purified DHA increased DHA by about 4 to 7 times as much as EPA in
plasma phospholipid; however, combined EPA+DHA was increased by about the same amount
by both fatty acids.

Meta-regression equation (r* = 0.45, P < .001):
Change in Plasma/Serum EPA+DHA Level (%) = 0.93 x [EPA+DHA Intake (g/day)] + 1.41
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Because 4 studies reported only EPA levels, we re-analyzed the data with only the 12 studies
with a complete EPA and DHA profile of plasma/serum phospholipids. As expected, since no
study excluded DHA levels, the revised meta-regression equation indicates that the EPA+DHA
level increases by a greater amount for each unit of omega-3 fatty acid supplementation and the
r* was greater than in the meta-regression that included all studies.

Meta-regression equation (> =0.63, P < .001):
Change in Plasma/Serum EPA+DHA Level (%) = 1.24 x [EPA+DHA Intake (g/day)] + 0.89

ALA. One study also evaluated 2 linseed/rapeseed oil supplementation doses, which
included primarily ALA with minimal EPA and DHA **. Finnegan et al. found that with higher
dose ALA (9.5 g/d), EPA, DHA and ALA levels all significantly increased. With lower dose
ALA (4.5 g/d), EPA and ALA levels rose by a degree consistent with the lower dose of omega-
fatty acids; although DHA levels did not change. In the remaining study arms of fish oils and
sunflower oils, small amounts of ALA (<= 1.5 g/d) did not affect ALA levels. In this study, a
daily dose of 9.5 gor 4.5 g ALA (with 0.3 g EPA+DHA) had similar effects on plasma EPA
levels as a daily dose of 1.7 g or 0.8 g EPA+DHA (with 1.4 g ALA), respectively. The plasma
level of AA did not decrease in either ALA arm.

Table 3.27 Effect of omega-3 fatty acid supplementation on fatty acid profile of serum/plasma phospholipids
in randomized trials (6 weeks to 14 months)

Omega-3 Fatty Acid Arms * . Quality © >
Results (A%) S k)
Study, Control Arm Bége L . o2 2
Year - opy b 3 8 S3 °S
(%) 3 o o8 g
N  Source g/d AA" ALA EPA DHA| 5 % §F E:
EPA/DHA Oils
Bonaa, 72 Fish oil ED 5.1 [ 118 [ 100 000 510 +170 [ g = = p o
1992 74 Corn oil ED 0 | 115 | +0.60 +0.10 -020 -0.20
Green, g Fishall ED 4.3 nd 0.00 +2.60 .
1990 27" ComiOliveoil ED_0 | nd | nd nd B 4 Un Dyslip i
Grimsgaard, | 15 EPA ester E 40| 60 | 098 -0.05 +465 -055
1907 » | 72 DHA ester D 40| 60 |-082 -002 +047 +330 | A 5 Un GEN |
77 Com oil ED 0 | 6.2 |+0.11 +0.01 -0.06 -0.10
19 PurificdEPA E 40| nd | -3.00 +8.25 -0.25
Mori, 2000 | 17 Purified DHA D 4.0 | nd | -2.25 +100 +725| B 4 Un DysLip |
20 Olive oil ED 0 | nd |+0.10 -0.10  +0.50
Woodman. |17 PurifiedEPA__E 4.0 5.9 +8.64 -1.29
200p T [ 18" Purfied DHA D 4.0 | 6.0 +109 +671| B 3 Un DMI i
16__ Olive oil ED 0 | 68 nd _ nd
Grundt, 28 Fish oil ED 34| nd | -0.60 380 +150 [ o, oo
1995 28 Com oil ED 0 | nd |-0.30 -0.50 -0.40
40 Codliveroil ED 33| 52 | -0.34 -039 +127 +1.49
Brox, 2001 | 40 Seal oil ED 26| 48 |+0.14 -0.35 +261 +1.81| C 1 Un DysLip |
36 No oil ED 0 | 51 |+0.26 +0.91 +0.04 +0.81
Osterud, 26 Codliveroil =2 31| nd |.025 -009 +236 +151|C 2 Un GEN |
1995 A 02
g7 SeallCod ED 281 4 | 430 .004 +266 +1.85
liver oil A 0.2
27 Seal ol E,,E g"z" nd |-020 -007 +201 +1.29
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Omega-3 Fatty Acid Arms ? Quality © >
Results (A%) ° o s o
Study, Control Arm =y 2 o2 %
Year b 3 8 S¢9 Y
o, 0
(%) 3 2 8§ o
N  Source g/d AA" ALA EPA DHA | 3 s E:
26 Whaleoil 50 17| nd |-015 -006 +1.14 +074
28 No oil ED O nd nd nd nd nd
Hansen, g Cod liver oil ED 5.8 nd -0.70 +4.10
1989 40" " No oil ED 0 | nd | +0.10 0.00 c 1 Un GEN
Hansen, g Cod liver oil ED 5.3 nd +5.44
1993b 34" No o ED 0 | nd nd B 1 Un GEN
60 Fish oll ED 24 nd +2.95
Sacks, 1994 150 Olive oil ED 0 | nd +0.10 c 3 Un o |
Nenseter, 34  Fish powder ED 0.2 54 +0.20 -0.10 +0.20 +0.20 B 3 Un GEN I
2000 36 Cellulose ED O 6.1 +0.30 +0.10 -0.30 0.00
Fish Diets
13 Fish & WMD'' T 37 nd Total n-3 fatty acids: +6.0
i 1 ‘ T d d Total n-3 fatty acids: -1.
Mori, 6 VYMD _ n n otal n-3 fa yacll S 5 B 5 Un GEN Il
1999 14  Fish &ERD' T 37| nd Total n-3 fatty acids: +5.0
16 ERD' T nd nd Total n-3 fatty acids: -1.0
Combinations
Cobi 13  Fish oil ED 46| 25 |-010 0.00 +5.80 +3.10
1909f°’ 12 Fish ¥ ED 45| 25 |-070 +020 +3.10 +350 | B 2 Un GEN II
6 No oil ED O 24 | +0.60 +0.10 -0.20 -0.20
14  Fish oil ED 23 nd +4.00 +2.20
Agren, 14  Algae DHA oil D 17 nd +0.50 +3.10
1996 13 Fish ¢ ED 1.1 nd +150 +150 | ©> 3 Un GENII
14 No oll ED O nd -0.10 0.00
Fish oil margarine ED 1.7
28 and Fish oil A 14 502 | -0.56 -0.07 +1.13 +2.71
. . . ED 0.8
30 Fish oil margarine A 13 441 | +0.44 -0.08 +0.80 +1.61
Finnegan, Rapeseed/Linseed ED 0.3 :
2003 29 margarine A 95 438 | +0.53 +0.46 +1.22 +021 1 A 4 Un DysLip |
o9 Rapeseedilinseed ED 031 54, | ,574 4015 +095 -0.13
margarine A 45
3o Sunflowerseedoil ED 051 5,7 | ,064 005 +028 -0.08
margarine A 15

nd = no data; n-3 = omega-3;

0 o e

=0

o

A =ALA; D=DHA;E =EPA; ED = EPA+DHA; T = total omega-3 fatty acids.

Baseline EPA + DHA profile (% of total fatty acids) of plasma/serum phospholipids.

A% = Difference of the marker’s profile (post-treatment minus pre-treatment).

A = good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.

Arachidonic acid (20:4 n-6)

Cross-over study.

Differences are from the control after 10-week treatment. Assumed control’s profile didn’t change from baseline, so
differences from the controls would be approximately equal to the A%.

Weight-maintaining diet.

Energy-restricted diet.

Chemically analyzed.
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Platelet PhOSphOIlpld CompOSition 68,71,95,96,101,116,122,123,132,137,143,163

(Table 3.28, Figure 3.5)

EPA/DHA. For platelet phospholipid composition, we analyzed 12 randomized trials with 21
omega-3 fatty acid arms. All of these studies evaluated EPA and/or DHA supplementation. One
treatment arm was ALA; therefore, there were 20 EPA and/or DHA treatment arms. The dose of
EPA+DHA ranged from 0.8 to 5.9 g/day. Study populations include general healthy population
and people with diabetes, dyslipidemia, or cardiovascular diseases. Meta-regression results show
a significant dose-response relationship between the dietary EPA and DHA supplementations
and the changes in EPA+DHA compositions in platelet phospholipids across studies. Studies that
used fish or fish combined with fish oil supplement treatments generally had greater increases in
platelet phospholipid EPA+DHA amounts than studies of fish oil supplements. This effect was
seen in Mori, et al. (1994), which compared fish, fish oil supplements, and combination fish and
fish oil ”'. They reported that the largest increase in DHA occurred in the groups consuming fish.
In contrast to the finding in plasma phospholipids, Mori et al. (2000) reported that platelet
EPA+DHA levels rose more in subjects taking DHA than in subjects taking EPA, although it is

not reported whether this difference is statistically significant '**.

Meta-regression equation (> = 0.52, P < .001):
Change in Platelet EPA+DHA Level (%) = 0.74 x [EPA+DHA Intake (g/day)] + 1.16

As was the case for plasma/serum phospholipid levels, the re-analysis of the platelet
phospholipid data that excluded the 2 studies without a complete EPA and DHA profile indicates
a larger increase in EPA+DHA level and a larger r* than in the complete meta-regression.

Meta-regression equation (r* = 0.72, P < .001):
Change in Platelet EPA+DHA Level (%) = 0.80 x [EPA+DHA Intake (g/day)] + 1.25

ALA. One study also evaluated linseed oil supplementation, which included only ALA
without EPA or DHA '**. Freese et al. found that a 5.9 g/d ALA supplementation significantly
increased EPA and ALA platelet phospholipid levels. However, the effect on EPA levels was
small in comparison to the effect of a similar dose of fish oil (+0.41% vs. +3.32% for 5.2 g/d
EPA+DHA). In addition, DHA levels were unaffected. The AA level decreased in the ALA arm.
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Table 3.28 Effect of omega-3 fatty acid supplementation on fatty acid profile of platelet phospholipids in
randomized trials (6 weeks to 4 months)

Omega-3 Fatty Acid Arms ? Quality © >
Results (A%) ° » S
Study, Control Arm B;‘,*;e 5 § é’%’ o5
Year (%)b g oy a & g_.
N  Source g/d AA" ALA EPA DHA |3 2 27§ 5
=} <
EPA/DHA Oils
Vadsen |20 Fish o ED 59 | 36 | -449 -003 +382 +0.92
003 | 20 Fishoi ED 17 | 32 |-197 +001 +127 +036 | B 3 Un GEN I
20 Olive oil ED 0 | 32 |+019 +0.01 +0.01 -0.06
Dehmer, | 43 Fish oil ED 54 | 06 | -2.50 +3.66  +2.30
1988 39 No oil ED 0 nd nd nd nd B3 Un  CVDII
Green, g Fishoall ED 4.3 nd -0.50 +1.90 .
1990 27 ComiOlveol _ED 0 | nd nd nd B 4 Un Dyslip |
Vori 19 Purified EPA E 40 | nd | -4.80 +3.80  -0.60
2000 17 Purified DHA D 40 | nd | -2.40 +0.60 +420 | B 4 Un DysLip Il
20 Olive oil ED 0 | nd |-060 +0.05  +0.10
Leigh- Fish oil ED 30 | 33 |+2.90 +2.60 +1.11
. g .
gggg”k' 5% Giive oil ED 0 | 33 | +0.60 +020 +010 | B 3 Un Dyslip |
McVeigh, o Fish ol ED 30 | 25 | -3.00 +1.70  +2.70
1993 23" “Glive oil ED 0 | 25 |-040 010 +030 | A 4 Un DMII
Hendra, 37  Fish il ED 3.0 nd +1.75
1990 37 Olive ol ED 0 | nd -0.02 B 4 Un OMI
Fish Diets
. Total .
o6 Fishand T 36l nd | e EPA+DPA+DHA:
Dunstan, exercise -5.80 +4.80 B 2 Un NIDDM |
1997 No fish and : DysLip
23 hNofisnan T nd | nd nd nd
exercise
14 Fish ED 08 | 45 | 21 +010 +1.20 +1.20
Fish and |
f‘gg‘;“' 15 S'EA‘;‘" ow ED 08 | 44 | 26 +010 +0.80 +130 | B 3 Un  GEN Il
19  Control diet ED 0.05 nd nd nd nd nd
22 Fish ED 08 | 38 | -1.30 +0.70  +0.70
23 Control diet ED 01 | 37 |-0.10 0.00  0.00
Agren, | o7 Fishand ED 08 | 36 |-0.90 +070 +070 | B 2 Un  GENII
1991 exercise
g7 Controldietand o 54 | 35 | 4010 000  0.00
exercise
Combinations
14 Fish oil ED 92 | 551 | 335 -021 +332' +0.88
Freese, A 0.1
1997b ED 0 i : ¢ 3 Un GENI
15  Linseed oil N 5o | 47 |-079 +039 +041' -0.14
16 FishiandFish —ep 55 | 52 | 500 +375  +2.50
oil (40% )
17 Fishoil (40%% ED 42 | 52 | -4.75 +3.25  +1.50
17 Fish! (40%% ED 3.0 | 52 | -3.75 +2.50  +2.50
. - o, k -
l1\/I909r|A; 17 gushtonI E49|/° ) ED 21 | 52 |-150 +160  +050 | o, cen
18 COMTOL OIS Ep g | 52 | +0.75 -0.05  -0.40
(40% )
18 Fish! (40%% ED 3.0 | 52 | -4.00 +230  +2.50
L .
17 controloils® —en g | 52 | 040 020 -0.50
(40% ¥
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nd = no data; n-6 = omega-6

a A=ALA; D=DHA; E=EPA; ED = EPA+DHA; T = total omega-3 fatty acids.

b  Baseline EPA + DHA profile (% of total fatty acids) of platelet phospholipids.

¢ A% = Difference of the marker’s profile (post-treatment minus pre-treatment).

d A =good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

e CVD =history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,

healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-

group; III = narrow applicability. See Methods.

Arachidonic acid (20:4 n-6)

Crossover study.

Low saturated fatty acid diet.

Plus some 22:0.

Chemically analyzed.

Percent of fat in diet

Olive/Palm/ Safflower oils

it R

Erythrocyte Membrane Phospholipid

Composition 79:88:95:96.101.115134,141,160.175 1,16 329, Figure 3.6)

EPA/DHA. For erythrocyte membrane phospholipid composition, 10 randomized trials with
15 omega-3 fatty acid arms were included. All of these studies evaluated EPA and/or DHA
supplementation. One study included 2 ALA treatment arms; therefore, there were 13 EPA
and/or DHA treatment arms. The dose of EPA+DHA ranged from 0.8 to 4.6 g/day. Study
populations include general healthy population and people with diabetes, dyslipidemia or
cardiovascular diseases. Meta-regression results show no significant dose-response relationship
between the dietary EPA and DHA supplementations and the changes in EPA plus DHA
compositions in platelet phospholipids. No clear difference is seen in effect based on source of
omega-3 fatty acids. No study compared different sources of EPA+DHA oil.

Meta-regression equation (> = 0.11, P =.14):
Change in Erythrocyte EPA+DHA Level (%) = 0.63 x [EPA+DHA Intake (g/day)] + 3.22

The re-analysis of the data, excluding 1 study by Green et al. who did not report the change
in DHA levels, greatly affected slope and statistical significance of the meta-regression equation
191 The large effect of this single study can be explained by outlier status of the study. The
change in EPA level reported in this study is considerably lower than the change in EPA+DHA
levels in studies with similar supplementation doses.

Meta-regression equation (1> = 0.39, P < .02):
Change in Erythrocyte EPA+DHA Level (%) = 1.05 x [EPA+DHA Intake (g/day)] + 2.69

ALA. One study also evaluated a diet enriched in ALA and that contained no EPA or DHA
among both young (16-33 years old) and old (60-78 years old) subjects '®. Wensing et al. found
that a 6.8 g/d ALA supplementation significantly increased both EPA and ALA levels but not
DHA level. The effects on the changes in EPA and ALA compositions were larger among older
subjects than among younger subjects. The higher dose ALA (6.8 g/d) had a smaller effect on
EPA levels (+0.20% and +0.40%, for younger and older subjects, respectively) than a lower dose
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of EPA+DHA (1.6 g/d, +1.30%). The AA level decreased among old subjects while it increased
among young subjects.

Table 3.29 Effect of omega-3 fatty acid supplementation on fatty acid profile of red blood cell (erythrocyte)
membrane/ghosts in randomized trials (6 weeks to 2 years)

. d
Omega-3 Fatty Acid Arms *° Quality >
Results (A%) © » > 5
Study, Control Arm Base c < &= 2
_— ED 3 O 5 0 o0
Year b Q g o o
" S 2§88 &
N  Source a/d AA ALA EPA DHA | 3 =9 ZF
EPA/DHA Oils
Haines, 19  Fishoil ED 4.6 6.1 -2.20 +3.77 +2.23
1986 22  Olive oil ED 0 6.1 0.00 -0.05 -0.22 B 2 Ad IDDMI
Solomon, 5  Fish oil ED 4.6 6.7 -3.44 +5.92  +2.19
1990 5 Olive oil ED 0 6.4 :+0.23 -0.07 -0.31 B 4 Un CVD Il
Green . Fish oil ED 43 nd -2.00 +2.70 '
1990 27 (()Ji?rn/Ollve ED 0 36 nd nd B 4 Un DysLip Il
Rivellese, 8 Fish oil ED 197 | 5.8 -2.30 +1.50 +1.60 A 3 Un DysLip I
1996 8 Olive ail ED 0.0 5.7 0.10 -0.10 -0.30 NIDDM
Luo Fish oil ED 18 | 63 +1.44" +1.33"
) 9
1998 10 Silljnﬂower ED 0 6.3 nd nd C 3 Un DMII I
Angerer, 87  Fish ail ED 1.65 nd +2.60 +4.20
2002 84  Fatty acid ED nd nd +0.10 +0.10 B 4 Ad cvD i
Fish Diets
" Fisz a“‘t’ T ag | o | Totalns: EPA+DPA+DHA:
modera’e © 0N 450 +6.60
exercise
No fish and . .
11 moderate T nd nd Total n-6: EPA+DPA+DHA:
; +0.60 0.00
Dunstan, exercise B 2 NIDDM |
1999 i E 'Sh*: and T 36| ng |Totane: EPA+DPA+DHA: DysLip
gnt : 6.7 +8.40
exercise
No fish and
12 light T nd nd nd nd
exercise
14  Fish ED 0.8 8.8 -2.70 0.00 +1.30 +3.20
Agren, Fish and
1988 15 low SFA | ED 0.8 9.3 -2.40 0.00 +0.90 +2.70 B 3 Un GEN 1l
19 Controldiet ED 0.05 nd nd nd nd nd
22  Fish ED 0.8 9.2 -1.30 +0.70 +1.80
23 Controldiet ED 0.1 8.7 | +0.10 0.00 -0.10
Agren o7 Fishand ED 08 | 87 |-1.20 +0.80  +2.00
1991 ’ exercise ) ) ) ’ ) B 2 Un GEN Il
Control diet
27 and ED 0.1 8.6 | +0.40 0.00 -0.10
exercise
14 EPA+DHA ED 1.6 4.5 -0.80 0.00 +1.30 +0.80
ED 0.0
Wensing, 13 ALA (old) A 6.8 4.1 -0.70 +0.40 +0.40 -0.30 5 2 U GEN |
1999 ED 00 n
12 ALA (young) A 6'8 4.0 | +0.90 +0.20 +0.20 -0.10
11 Oleic acid ED 0.0 3.8 -0.20 0.00 +0.00 +0.10

nd = no data; n-6 = omega-6
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A =ALA; D=DHA; E =EPA; ED = EPA+DHA; T = total omega-3 fatty acids.

Baseline EPA + DHA profile (% of total fatty acids) of erythrocyte phospholipids.

A% = Difference of the marker’s profile (post-treatment minus pre-treatment).

A = good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and

dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment

unclear. See Methods.

e CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.

f  Arachidonic acid (20:4 n-6)

Crossover study.

Difference from the control after 2-month treatment. Assumed control’s profile didn’t change from baseline, so differences

from the controls would be approximately equal to the A%.

i Low saturated fatty acid diet.

o0 o

=09

Granulocyte Membrane Phospholipid Composition **’

(Table 3.30)

One randomized controlled trial examined the changes of EPA+DHA composition in
granulocyte membrane phospholipids after fish oil supplementation. Madsen et al. found that
EPA and DHA compositions in granulocyte phospholipids significantly increased after 12 weeks
of fish oil supplement treatment, while no significant changes were found in the placebo group
37 In addition, the change in DHA profile was significantly larger in the higher-dose fish oil
supplementation group than in the lower-dose fish oil group.

Table 3.30 Effect of omega-3 fatty acid supplementation on fatty acid profile of granulocyte membrane in
randomized trials (12 weeks)

Omega-3 Fatty Quality ° »
Acid Arms ° c B
_ Results (A%) » gl
Base oz =
Study, ED € o« o= 5
Year Control Arm b 3 8 3 8 o
(%) 3 9 83 2
N Source g/d AA" ALA EPA DHA < 2 ] <
EPA/DHA Qils
20 Fish oil ED 5.9 2.2 -271  -0.03 +3.50 +0.57
Madsen, 2003 20 Fish oil ED 17 21 -1.21 0.00 +1.25 +0.29 | B 3 Un GEN I
20 Oliveoil ED 0 2.0 |+0.03 +0.01 +0.04 -0.02
a A=ALA; D=DHA; E =EPA; ED = EPA+DHA; T = total omega-3 fatty acids.
b  Baseline EPA + DHA profile (% of total fatty acids) of granulocyte phospholipids.
¢ A% = Difference of the marker’s profile (post-treatment minus pre-treatment).
d A =good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and

dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.

e CVD = history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-
group; III = narrow applicability. See Methods.

f  Arachidonic acid (20:4 n-6).

Monocyte Membrane Phospholipid Composition "¢

(Table 3.31)

One crossover study examined the changes of EPA+DHA composition in monocyte
phospholipids after cod-liver oil supplementation. Hansen, et al. showed the EPA profile in
monocyte phospholipids significantly increased, while the arachidonic acid profile significantly
decreased after 8 weeks of cod liver oil supplement treatment compared to the no treatment
controls "%,
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Table 3.31 Effect of omega-3 fatty acid supplementation on fatty acid profile of monocyte phospholipids in
randomized trials (8 weeks)

. d
Omega-3 Fatty Acid Arms ° Quality >
c
B Results (A%) 7 » T
Study, Control Arm D S § §5 3
Year (oA))b 3 % 5 9 %
N  Source gld AA" ALA EPA DHA 3 e 2 s &
EPA/DHA Oils
Cod liver h h
Hansen, 1989 | 409 oil ED 58| nd |-4.00" ~+3.00 C 1 Un GEN I
No oil ED O nd nd nd

nd = no data

a A=ALA;D=DHA; E =EPA; ED = EPA+DHA; T = total omega-3 fatty acids.
Baseline EPA + DHA profile (% of total fatty acids) of monocyte phospholipids.

b
¢ A% = Difference of the marker’s profile (post-treatment minus pre-treatment).
d

A = good quality; B = fair quality; C = poor quality; Jadad = Jadad Score (0-5, based on randomization, double blinding, and
dropouts); Ad = adequate allocation concealment; In = inadequate allocation concealment; Un = allocation concealment
unclear. See Methods.
e CVD =history of cardiovascular disease; DM I/II = diabetes mellitus type 1 or 2; DysLip = dyslipidemia; GEN = general,
healthy population; N/IDDM = (non-) insulin dependent diabetes mellitus. I = broadly applicable; II = applicable to sub-

group; III = narrow applicability. See Methods.

f  Arachidonic acid (20:4 n-6)

Cross-over study.

=09

from the controls would be approximately equal to the A%.

Difference from the control after 8-week treatment. Assumed control’s profile didn’t change from baseline, so differences

Figure 3.4 Association between EPA and/or DHA supplementation and changes in EPA+DHA composition in
plasma or serum phospholipids (PL)

10

Change of EPA+DHA in Serum/Plasma PL Profile (%)

2

3 4

Dose of EPA+DHA (g/day)

109

Source of EPA+DHA

Fish Oil
Dietary Fish
EPA

DHA

#JIADOO

Plant Oil

Size of marker is proportional to
square root of sample size

* = Study with incomplete data
(See Table 3.26)

Slope Intercept R*2 P
Al 0.93 1.41 0.45 <.001
— Complete 1.24 0.89 0.63 <.001



Figure 3.5 Association between EPA and/or DHA supplementation and changes in EPA+DHA composition in

platelet phospholipids (PL)

Change of EPA+DHA in Platelet PL Profile (%)

10

Source of EPA+DHA
L4 Fish Oil
o Dietary Fish
L4 Fish & Fish Oil
v DHA

Size of marker is proportional to
square root of sample size

* = Study with incomplete data
(See Table 3.26)

Slope Intercept R"2 P
Al 0.74 1.16 0.52 <.001
— Complete 0.8 1.25 0.72 <.001

0 1 2 3 4 5
Dose of EPA+DHA (g/day)

Figure 3.6 Association between EPA and/or DHA supplementation and changes in EPA+DHA composition in
red blood cell (RBC, erythrocyte) membrane phospholipids (PL)

Change of EPA+DHA in Erythrocyte PL Profile (%)

10

T T T T T T T
0 1 2 3 4 5 6
Dose of EPA+DHA (g/day)
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Source of EPA+DHA

L4 Fish Oil
o Dietary Fish

Size of marker is proportional to
square root of sample size

* = Study with incomplete data
(See Table 3.26)

Slope Intercept R2 P
Al 0.63 322 011 .14
— Complete 1.05 269 0.39 .02



Chapter 4. Discussion

In this chapter, we summarize findings from our review of studies examining the effect of
omega-3 fatty acids on cardiovascular disease (CVD) risk factors and intermediate markers of
CVD, discuss limitations of our review, and offer recommendations for future research.

Overview

Through a structured literature review process, we screened over 7,464 abstracts and
retrieved and screened 807 full text articles that addressed omega-3 fatty acids and CVD risk
factors and intermediate markers of CVD. After narrowing the list of outcomes of interest and
applying specific eligibility criteria, we analyzed 123 articles that examined the effects of
eicosapentaenoic acid (EPA, 20:5 n-3), docosahexaenoic acid (DHA, 22:6 n-3), and alpha
linolenic acid (ALA, 18:3 n-3) on one of the following risk factors or intermediate markers:

* Lipids (total cholesterol, low density lipoprotein [LDL], high density lipoprotein [HDL],
triglycerides [ Tg], lipoprotein (a), apolipoproteins [apo] A-I, B, B-100, and LDL apo B

* Blood pressure

* Measures of glucose tolerance (hemoglobin Aic [Hgb A1g], fasting blood sugar [FBS],
and fasting insulin)

» C-reactive protein (CRP)

» Measures of hemostasis (fibrinogen, factors V11 and V111, von Willebrand factor [VWF],
and platelet aggregation),

* Non-serum diagnostic tests (coronary artery restenosis — following angioplasty, carotid
intima-media thickness [IMT], exercise tolerance testing [ETT], heart rate variability)

» Tissuelevels of fatty acidsincluding plasmaor serum phospholipids, platelet
phospholipids, erythrocyte membrane phospholipids, granulocyte membrane
phosphoalipids, and monocyte membrane phospholipids.

For most outcomes, we anayzed only the approximately 20 to 30 largest randomized trials.
The main findings from our review and analysis are summarized in the next section. While doing
the review, we found that several of the key questions and sub-questions posed at the beginning
of this report were not addressed by the available studies. For example, most studies that we
anayzed evaluated fish or other marine oils and only afew evaluated plant oils. Furthermore,
few studies compared doses of similar omega-3 fatty acids, compared different omega-3 fatty
acids, reported on potential covariates such as age and sex, analyzed effects based on duration of
intake, or repeated measurements after subjects had stopped omega-3 fatty acid supplementation.
No study incorporated an analysis of how varying dietary omega-6 to omega-3 ratio may alter
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the effect of omega-3 fatty acid consumption on outcomes. These and other limitations are
addressed in more detail in the Limitations section of this chapter.

Main Findings

Overdl, we found evidence that fish oils have a strong beneficial effect on Tg that is dose-
dependent and similar in various populations. Thereis aso evidence of avery small beneficial
effect of fish oils on blood pressure, and possible beneficia effects on coronary artery restenosis
after angioplasty, exercise capacity in patients with coronary atherosclerosis, and, possibly, heart
rate variability, particularly in patients with recent myocardia infarctions. No consistent
beneficial effect is apparent for the other CVD risk factors or intermediate markers of CVD we
anayzed. In addition, there is also no consistent evidence of a detrimental effect of omega-3
fatty acids on glucose tolerance. Details on these and other key findings are summarized below.

As discussed in the accompanying report, Effects of Omega-3 Fatty Acids on Cardiovascular
Disease, consumption of omega-3 fatty acids from dietary sources or from marine oil or ALA
supplements reduces all cause mortality and various CVD outcomes. The cardiovascular benefits
of omega-3 fatty acid consumption, though, are not well explained by the fatty acids' effectson
the cardiovascular risk factors that we examined. However, the overal cardiovascular benefit
may be due to the constellation of effects on lipids, blood pressure, coronary atherosclerosis, and
heart rate variability. Reviewing the studies evaluated in this and the accompanying report on
cardiovascular outcomes, we found no article that analyzed potential associations between
omega-3 fatty acid’s effect on cardiovascular risk factors and cardiovascular outcomes.

Effect on Triglycerides and Other Serum Lipids

The strongest, most consistent effect of omega-3 fatty acids was among the 19 studies of Tg.
Most of these studies reported a net decrease in Tg of about 10% to 33%. The effect was dose-
dependent and generally consistent among healthy subjects and patients with CVD,
dyslipidemia, or at elevated risk of CVD. The effect was aso greater in studies with higher mean
baseline Tg. However, 1 of 2 studies of plant oils (ALA) found anet increasein Tg. Limited data
suggest that the effect is not related to sex, age, weight, background diet, or lipid treatment. The
effect of duration of intervention is unclear and there were no data regarding sustainment of
effect. In addition, no study of diabetic patients had sufficient number of subjects to be analyzed.

The effect of omega-3 fatty acids on other serum lipids was weaker. The 23 studies of total
cholesterol and the 19 studies of HDL we analyzed were heterogeneous, but mostly found small
(0% to 6%), non-significant net increases in levels of both lipids. The 15 analyzed trials of LDL
were fairly uniformin finding small net increasesin LDL. The effect of plant oils (ALA) on
these lipoproteins was possibly weaker but similar to the effect of marine oils. No differencesin
effect were seen among different populations, including the diabetic subjects who were evaluated
in asub-analysis. One study found alarger net increase in total cholesterol among subjectson a
higher fat diet compared to those on a lower fat diet, but this effect was not seen for other lipids.
A single study of fish oil reported a steady increase in HDL levels over time beginning at 6
weeks and ending at 12 months. No other studies found an effect of time on lipids and no other
covariates were reported to interact with fish oil effects on lipids.
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One study compared the effect of purified EPA to purified DHA on these 4 lipids. The results
were mixed. EPA lowered total cholesterol significantly (and substantially) more than DHA,
DHA increased HDL by a small but significant amount more than EPA, and the effects of the 2
oilswere similar in their lack of effect on LDL and their ability to lower Tg.

Effect on Blood Pressure

A recent meta-regression of the effect of fish oils on blood pressure found a small but
significant reduction in both systolic and diastolic blood pressure of about 2 mm Hg. The effect
was stronger in older and hypertensive populations. Because the meta-regression excluded
diabetic populations, we evaluated the 6 randomized studies of diabetics and found similar
results. One study reported that neither sex nor Hgb A4 levels were related to the fish oil effect
on blood pressure. No study analyzed plant oils. One study reported no significant differencein
blood pressure effect of purified EPA compared to purified DHA.

Effect on Restenosis after Coronary Angioplasty

We performed a meta-analysis of the 12 randomized trials that reported restenosis rates after
coronary angioplasty. All evaluated fish oils. We found heterogeneity of results across studies
but an overall trend toward a net reduction of relative risk of 14% with fish oil intake. Two
studies reported no significant difference in effect between men and women.

Effect on Exercise Capacity and Heart Rate Variability

The 6 available studies examining exercise tolerance testing suggest that fish oil consumption
may benefit exercise capacity among patients with coronary artery disease, although the effect
may be small. Three analyses of heart rate variability in 2 study populations concluded that fish
oil supplementation among patients with recent myocardial infarction, and dietary fish
consumption in healthy people, improves heart rate variability, which may, in turn, reduce the
incidence of ventricular arrhythmias. However, fish oil supplementation did not improve heart
rate variability in the same healthy population.

Effect on Other Cardiovascular Risk Factors and Intermediate Markers

The effects of omega-3 fatty acids on the other outcomes that we evaluated were either small
or inconsistent across studies.

Apolipoproteins. No consistent effect was found across 14 studies of Lp(a), although one
study reported asmall but significant net decrease in subjects with elevated baseline Lp(a) levels
compared to those with lower baseline levels. There were insufficient studies to compare
different omega-3 fatty acids. The 27 studies of apo A-I that we analyzed generally found no
effect or either asmall increase or decrease in level with omega-3 fatty acid consumption.
Limited evidence suggested that purified EPA may decrease apo A-I levels while DHA has no
effect, and that there is no difference in effect between fish oilsand ALA. There wasllittle
consistency of effect in the 25 studies of total apo B. The 4 available studies of apo B-100 found
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arange of effectsfrom a 5% decrease to a 15% increase in level. Most of the 6 studies of LDL
apo B found large, significant net increasesin LDL apo B with omega-3 fatty acid consumption.

C-reactive protein. The 5 available studies of CRP found no effect with fish ail
supplementation or dietary fish.

M easur es of hemostasis. No consistent effect was found among the 24 analyzed studies of
fibrinogen, the 19 analyzed studies of factor VI, or the 5 available randomized trials of factor
VI1II. The 9 randomized trials of VWF mostly found a small, non-significant decreasein level
with omega-3 fatty acid consumption. The results among the 11 analyzed studies of platelet
aggregation were heterogeneous depending on aggregating agent, dose of agent, and
measurement metric used, however, generally no effect was found with omega-3 fatty acid
intake. The few studies that compared types of omega-3 fatty acids found no difference in effect
on these measures of hemostasis, with the exception that 2 studies came to opposite conclusions
regarding whether fish oil prolonged platelet aggregation by a greater degree than ALA, and 1
study concluded that DHA may be less potent at prolonging platel et aggregation than EPA.

Carotid intima-media thickness. The 4 available studies of carotid IMT were
heterogeneous. The randomized trial found no effect of fish oil but 2 cross-sectiona studies
found that dietary omega-3 fatty acid was correlated with thinner IMT; the cohort study of plant
oil margarine was inconclusive.

Glucose tolerance. Overal, the studies of markers of glucose tolerance found no consistent
effect of omega-3 fatty acids. There was awide range of net effects of omega-3 fatty acids on
fasting blood sugar across the 17 analyzed studies. Heterogeneity was present regardless of the
make-up of the study population, although the range of effect was widest among diabetic
patients. Within studies there were no apparent differences in effect of different omega-3 fatty
acids on fasting blood sugar. Among the 18 analyzed studies of Hgb A1 there was no substantial
significant effect of omega-3 fatty acid consumption, regardless of study population. A single
study found no difference in effect of purified EPA and purified DHA on Hgb A;.. The 15
randomized trials of fasting insulin levels were very heterogeneous. Similar heterogeneity
existed among the 9 studies of generally euglycemic populations as among the studies of
diabetics and obese subjects. Within studies there were no apparent differences in effect of
different omega-3 fatty acids on fasting insulin levels.

Tissue Levels of Fatty Acids

Meta-regression of 30 studies revealed direct relationships between dose of omega-3 fatty
acids consumed and changes in measured levels of eicosapentaenoic acid (EPA, 20:5 n-3) and
docosahexaenoic acid (DHA, 22:6 n-3), either as plasma or serum phospholipids, platel et
phospholipids, or erythrocyte membranes. The correlation between dose and changein level
appearsto be fairly uniform, where 1 g supplementation of EPA and/or DHA corresponds to
approximately a 1% increase in EPA+DHA level. Granulocyte and monocyte membrane
phospholipid levels aso increased after omega-3 fatty acid supplementation in individual studies.
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Limitations

We identified about 60 potential CVD risk factors and intermediate markers of CVD and
evaluated 23 of these in this evidence report. While some of these outcomes have been
demonstrated to be important risk factors for CVD or markers of CVD, it is unclear whether this
istrue for all. The measurement techniques for a number of the outcomes we evaluated also have
not been standardized, which complicated our interpretation of individual study findings and
limited our ability to compare studies. Thus, the effects of omega-3 fatty acids on various
putative risk factors and intermediate markers, and the implications for risk of CVD events, are
uncertain.

While we endeavored to do a complete, systematic review of the literature on the effect of
omega-3 fatty acids on CVD risk factors and intermediate markers of CVD, we were unable to
critically evaluate all 350 potentially eligible studies due to time and resource limitations.
Nevertheless, our findings regarding the main effects of omega-3 fatty acids on the outcomes we
evaluated should be valid since we analyzed the largest randomized trials. Thus, studies not
included were either non-randomized studies, which would provide more biased effect estimates,
or smaller trials, which, by definition, are generally less powered than the larger studies.
However, excluding non-randomized studies and small trials may have affected the availability
of evidence regarding many of the secondary questions related to the effect of covariates, dosage,
duration, and the like. In particular, few of the studies we analyzed evaluated plant oils.
However, since few of the excluded studies evaluated plant oils, broadening our inclusion
criteriamay not have been helpful to this area of inquiry. In addition, for several outcomes, we
analyzed aminority of the potentially available studies of diabetic patients. Thiswas particularly
the case for studies of lipid outcomes.

Although several studies performed multivariate analyses to adjust for potential confounders,
few studies explicitly evaluated the effects of omega-3 fatty acids on specific subgroups as
identified in the key questions. Thus, conclusions regarding these questions are al weak and
based on limited data. With the exceptions of studies confined to men or to specific populations
of interest (e.g., diabetics), studies generally did not base eligibility criteria on factors of
particular interest here. Furthermore, only one study evaluated only women, limiting conclusions
that could be made across studies based on sex.

Most conclusions that we were able to draw, particularly for different populations, were
based on across-study comparisons, which cannot account for confounders.

Many studies evaluated multiple risk factors. Thus, many of the outcomes we anayzed were
secondary outcomes that were often inadequately powered and reported. Many studies simply
reported that the results were not significant without quantifying their results; these studies were
not included in our analyses. Non-significant results would still be useful in a systematic review
and meta-anaysis.

Finally, the ratio of omega-6 to omega-3 fatty acids was so rarely reported that no analyses
could be performed on this metric.
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Future research

We offer the following recommendations for future research on omega-3 fatty acids and their
effect on CVD risk factors and intermediate markers of CVD:

* Future studies on CVD risk factors and intermediate markers of CVD should address the
guestion of possible differencesin the effect of omega-3 fatty acidsin different sub-
populations and as related to different covariates, including dose and duration of intake.

» Thepotential effect of alphalinolenic acid (ALA, 18:3 n-3) is unknown. More multi-
center trials are needed to assess the effect of ALA, separate from the effect of
EPA+DHA, on CVD risk factors.

e Additional research is needed to clarify the effect of omega-3 fatty acids on markers of
glucose tolerance. Specifically, sufficiently large trials are needed that perform
appropriate sub-analyses to determine the cause of heterogeneity in effect across studies.

» Thetota dietary omega-6 to omega-3 fatty acid ratio should be estimated, reported, and
analyzed in terms of its effect on outcomes and its association with any effect of omega-3
fatty acid treatment.

» Future research should attempt to determine the effect of higher fish intake on the
consumption of other foods in the diet, specifically sources of saturated fat such as meat
and cheese.

* Future prospective cohort studies and diet trials on fish consumption should place special
emphasis to collecting data regarding the quantity and type of fish consumed and the
method of preparation.
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C-reactive protein

Continuing Food Survey of Intakes by Individuals
Cardiovascular disease

Docosahexaenoic acid

Docosahexaenoic acid (22:6 n-3)

Diabetes mellitus

Diabetes mellitus, type 1

Diabetes mellitus, type 2

Docosapentaenoic acid (DPA, 22:5 n-3)
DysLipidemia

Eicosapentaenoic acid

Electrocardiogram

EPA+DHA

Ethyl ester

Enzyme-linked immunosorbent assay
Eicosapentaenoic acid (20:5 n-3)
Evidence-based practice center
Energy-restricted diet

Exercise tolerance test

Fatty acid

Fasting blood sugar

General, healthy population

Gamma-linolenic acid (18:3 n-6)

High density lipoprotein

Hemoglobin A+

Maximal velocity

Concentration of lloprost resulting in 50% inhibition of platelet aggregation
Internal carotid artery
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Abbreviation

IDDM
IDL
IL
IMT
In
Jadad
JNC 7

LA

LDL
LDL apo B
LT

N

n-3

n-6
NCEP
NCEP |
nd

Net % A

Net A
NHANES Il
NIDDM
NIH

NS

P

PAI

PG

PL

Pre Post A
PTCA
RBC
RCT
REM MA
RPP

RR

SD
SDNN
SEM
SFA

Sp.
Summary
T

TEP

Tg
TNF-a
TPA
TPR
Tufts-NEMC
TX

Un

uo
USDA

Va
VCAM-1
VLDL
vWF
WBC

Definition

Insulin dependent diabetes mellitus
Intermediate density lipoprotein

Interleukin

Intima-media thickness

Inadequate allocation concealment

Jadad score (see Methods)

Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure

Linoleic acid (18:2 n-6)

Low density lipoprotein

LDL apolipoprotein B

Leukotriene

Number of subjects analyzed in study arm
Omega-3 (fatty acid)

Omega-6 (fatty acid)

National Cholesterol Education Program
National Cholesterol Education Program step | prudent diet
No data

Net percent difference in change in omega-3 fatty acids arm compared with the change in
control arm

Net difference in change in omega-3 fatty acids arm compared with the change in control arm
The third National Health and Nutrition Examination
Non-insulin dependent diabetes mellitus
National Institutes of Health

Non-significant

P value

Plasminogen activator inhibitor

Prostaglandin

Phospholipids

Change in omega-3 fatty acid arm (no control)
Percutaneous transluminal coronary angioplasty
Red blood cell

Randomized controlled trial

Random effects model meta-analysis
Rate-pressure product

Relative risk

Standard deviation

Standard deviation of the RR interval

Standard error of the mean

Saturated fatty acid

Species

Summary quality score (see Methods)

Total omega-3 fatty acids

Technical Expert Panel

Triglycerides

Tumor necrosis factor a

Tissue plasminogen activator

Total peripheral resistance

Tufts-New England Medical Center
Thromboxane

Unclear allocation concealment

University of Ottawa

United States Department of Agriculture
Aggregation velocity

Vascular cell adhesion molecule 1

Very low density lipoprotein

von Willebrand factor

White blood cell
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Abbreviation Definition

WMD Weight-maintaining diet
Xover Cross-over study
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Listing of Excluded Studies

Excluded studies were categorized by the following sets of reasons for exclusion. Only the
primary reason for exclusion is listed here, aong with the number of articlesin each category.

Studies not analyzed because of nonrandomized design or small size (N=221)
Articles rejected because in English (N=1)
Articles rejected because not Human study (N=4)
Articles rejected because not primary study (N=7)
Articles rgjected because not omega-3 fatty acid (n-3) intake study, insufficient data
regararding omega-3 fatty acid trial, or no data on omega-3 fatty acid intake amount

(N=95)

Articles rejected because inappropriate human population (N=15)
Articles rejected because pediatric population (N=5)
Articles rejected because no outcome of interest or insufficient data to extract outcomes

(N=110)

Articles rejected because sample size too small (N=45)

Articles rejected because omega-3 fatty acid dose > 6 g (N=46)

Articles rejected because duration < 4 weeks (N=80)

Articles rejected because cross-over study with < 4 week washout (N=32)
Articles rejected because duplicate publications (N=14)

Articles rejected for other listed reasons (N=9)

Adler Al, Boyko EJ, Schraer CD, Murphy NJ. Lower
prevalence of impaired glucose tolerance and diabetes
associated with daily seal oil or salmon consumption
among Alaska Natives. Diabetes Care 1994; 17(12):1498-
1501.

(Not n-3 study, Insufficient data on n-3)

Adler AJ, Holub BJ. Effect of garlic and fish-oil
supplementation on serum lipid and lipoprotein
concentrations in hypercholesterolemic men. American
Journal of Clinical Nutrition 1997; 65(2):445-450.
(Non -randomized or Small size)

Agren JJ, Hanninen O, Hanninen A, Seppanen K. Dose
responses in platel et fatty acid composition, aggregation
and prostanoid metabolism during moderate freshwater fish
diet. Thrombosis Research 1990; 57(4):565-575.

(No outcome of interest or Insufficent data)

Ahmed AA, Holub BJ. Alteration and recovery of bleeding
times, platelet aggregation and fatty acid composition of
individual phospholipidsin platelets of human subjects
receiving a supplement of cod-liver qil. Lipids 1984;
19(8):617-624.

(Duration < 4 weeks)

Akoh CC, Hearnsberger JO. Effect of catfish and salmon

diet on platelet phospholipid and blood clotting in healthy
men. Journal of Nutritional Biochemistry 1991; 2(6):329-

131

333.
(Duration < 4 weeks)

Allard JP, Kurian R, Aghdassi E, Muggli R, Royall D.
Lipid peroxidation during n-3 fatty acid and vitamin E
supplementation in humans. Lipids 1997; 32(5):535-541.
(No outcome of interest or Insufficent data)

Allard JP, Royall D, Kurian R, Muggli R, Jegjeebhoy KN.
Effect of omega 3 fatty acids and vitamin E supplements on
lipid peroxidation measured by breath ethane and pentane
output: arandomized controlled trial. World Review of
Nutrition & Dietetics 1994; 75:162-165.

(No outcome of interest or Insufficent data)

Allman MA, PenaMM, Pang D. Supplementation with
flaxseed oil versus sunflowerseed oil in healthy young men
consuming alow fat diet: effects on platelet composition
and function. European Journal of Clinical Nutrition 1995;
49(3):169-178.

(Duration < 4 weeks)

Almario RU, Vonghavaravat V, Wong R, Kasim-K arakas
SE. Effects of walnut consumption on plasmafatty acids
and lipoproteins in combined hyperlipidemia. American
Journal of Clinical Nutrition 2001; 74(1):72-79.

(Non -randomized or Small size)

Almdahl SM, Nilsen DW, Osterud B. Thromboplastin
activities and monocytes in the coronary circulation of



reperfused human myocardium. No effect of preoperative
treatment with n-3 fatty acids. Scandinavian Journal of
Thoracic & Cardiovascular Surgery 1993; 27(2):81-86.
(No outcome of interest or Insufficent data)

Almendingen K, Jordal O, Kierulf P, Sandstad B, Pedersen
JI. Effects of partially hydrogenated fish oil, partially

hy drogenated soybean oil, and butter on serum lipoproteins
and Lp[a] in men. Journal of Lipid Research 1995;
36(6):1370-1384.

(Duration < 4 weeks)

Almendingen K, Seljeflot |, Sandstad B, Pedersen JI.
Effects of partially hydrogenated fish oil, partially
hydrogenated soybean oil, and butter on hemostatic
variablesin men. Arteriosclerosis Thrombosis & Vascular
Biology 1996; 16(3):375-380.

(Duration < 4 weeks)

Anderssen SA, Hjermann |, Urdal P, Torjesen PA, Holmel.
Improved carbohydrate metabolism after physical training
and dietary intervention in individuals with the
"atherothrombogenic syndrome'. Oslo Diet and Exercise
Study (ODES). A randomized trial. J Intern Med 1996;
240(4):203-2009.

(Not n-3 study, Insufficient data on n-3)

Ando M, Sanaka T, Nihei H. Eicosapentanoic acid reduces
plasma levels of remnant lipoproteins and preventsin vivo
peroxidation of LDL in dialysis patients. Journal of the
American Society of Nephrology 1999; 10(10):2177-2184.
(Inappropriate Human population)

Anttolainen M, Valsta LM, Alfthan G, KleemolaP,
Salminen |, Tamminen M. Effect of extreme fish
consumption on dietary and plasma antioxidant levels and
fatty acid composition. European Journal of Clinical
Nutrition 1996; 50(11):741-746.

(Non -randomized or Small size)

Archer SL, Green D, Chamberlain M, Dyer AR, Liu K.
Association of dietary fish and n-3 fatty acid intake with
hemostatic factors in the coronary artery risk devel opment
in young adults (CARDIA)study. Arteriosclerosis
Thrombosis & Vascular Biology 1998; 18(7):1119-1123.
(Non -randomized or Small size)

Arjmandi BH, Khan DA, JumaS, Drum ML, Venkatesh S,
Sohn E et a. Whole flaxseed consumption lowers serum
LDL-cholesterol and lipoprotein(a) concentrations in
postmenopausal women. Nutrition Research 1998;
18(7):1203-1214.

(n-3dose> 6 Q)

Armstrong RA, Chardigny JM, Beaufrere B, Bretillon L,
Vermunt SH, Mensink RP et al. No effect of dietary trans
isomers of alpha-linolenic acid on platelet aggregation and
haemostatic factors in european healthy men. The
TRANSLINE study. Thrombosis Research 2000;
100(3):133-141.

(Not n-3 study, Insufficient data on n-3)

Atkinson PM, Wheeler MC, Mendelsohn D, Pienaar N,
Chetty N. Effects of a4-week freshwater fish (trout) diet on
platelet aggregation, platelet fatty acids, serum lipids, and
coagulation factors. American Journal of Hematology
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1987; 24(2):143-149.
(Non -randomized or Small size)

Avellone G, Garbo Vd, Cordova R, Scaffidi L, Bompiani
GD, di G, V. Effects of Mediterranean diet on lipid,
coagulative and fibrinolytic parameters in two randomly
selected population samplesin Western Sicily. Nutrition
Metabolism and Cardiovascular Diseases 1998; 8(5):287-
296.

(Not n-3 study, Insufficient data on n-3)

Axelrod L, Camuso J, Williams E, Kleinman K, Briones E,
Schoenfeld D. Effects of asmall quantity of omega-3 fatty
acids on cardiovascular risk factorsin NIDDM. A
randomized, prospective, double-blind, controlled study.
Diabetes Care 1994; 17(1):37-44.

(Non -randomized or Small size)

Bach R, Schmidt U, Jung F, Kiesewetter H, Hennen B,
Wenzel E et a. Effects of fish oil capsulesin two dosages
on blood pressure, platelet functions, haemorheological and
clinical chemistry parameters in apparently healthy
subjects. Annals of Nutrition & Metabolism 1989;
33(6):359-367.

(Non -randomized or Smdl size)

Bagdade JD, Buchanan WE, Levy RA, Subbaiah PV, Ritter
MC. Effects of omega-3 fish oils on plasmalipids,
lipoprotein composition, and postheparin lipoprotein lipase
in women with IDDM. Diabetes 1990; 39(4):426-431.
(Sample size too small)

Bagdade JD, Ritter M, Subbaiah PV. Marine lipids
normalize cholesteryl ester transfer in IDDM. Diabetologia
1996; 39(4):487-491.

(Non -randomized or Small size)

Baggio B, Budakovic A, Nassuato MA, Vezzoli G,
Manzato E, Luisetto G et a. Plasma phospholipid
arachidonic acid content and calcium metabolism in
idiopathic calcium nephrolithiasis. Kidney International
2000; 58(3):1278-1284.

(Inappropriate Human population)

Baggio B, Gambaro G, Zambon S, Marchini F, Bassi A,
Bordin L et al. Anomalous phospholipid n-6

poly unsaturated fatty acid composition in idiopathic
calcium nephralithiasis. Journal of the American Society of
Nephrology 1996; 7(4):613-620.

(Inappropriate Human popul ation)

Bao DQ, Mori TA, Burke V, Puddey IB, Beilin LJ. Effects
of dietary fish and weight reduction on ambulatory blood
pressure in overweight hypertensives. Hypertension 1998;
32(4):710-717.

(Non -randomized or Small size)

Barcelli U, Glas-Greenwalt P, Pollak VE. Enhancing effect
of dietary supplementation with omega-3 fatty acids on
plasmafibrinolysisin normal subjects. Thrombosis
Research 1985; 39(3):307-312.

(Duration < 4 weeks)

Barstad RM, Roald HE, Petersen LB, Stokke KT, Kierulf
P, Sakariassen KS. Dietary supplement of omega-3 fatty
acids has no effect on acute collagen-induced thrombus



formation in flowing native blood. Blood Coagulation &
Fibrinolysis 1995; 6(5):374-381.
(No outcome of interest or Insufficent data)

Basu A, De JK, Datta S. Studies on the lipid profile and
atherogenic factorsin adult males. Indian Journal of
Nutrition and Dietetics 2001; 38(12):441-454.

(Not n-3 study, Insufficient data on n-3)

Bates C, van Dam C, Horrobin DF. Plasma essential fatty
acidsin pure and mixed race American Indians on and off a
diet exceptionally rich in salmon. Prostaglandins
Leukotrienes and Medicine 1985; 17(1):77-84.

(No outcome of interest or Insufficent data)

Baumann KH, Hessel F, Larass |, Muller T, Angerer P,
Kiefl R et al. Dietary omega-3, omega-6, and omega-9
unsaturated fatty acids and growth factor and cytokine gene
expression in unstimulated and stimulated monocytes. A
randomized volunteer study. Arteriosclerosis Thrombosis
& Vascular Biology 1999; 19(1):59-66.

(No outcome of interest or Insufficent data)

Baumstark MW, Frey |, Berg A, Keul J. Influence of n-3
fatty acids from fish oils on concentration of high- and low-
density lipoprotein subfractions and their lipid and
apolipoprotein composition. Clinical Biochemistry 1992;
25(5):338-340.

(Non -randomized or Small size)

Beil FU, Terres W, Orgass M, Greten H. Dietary fish oil
lowers lipoprotein(a) in primary

hypertriglyceridemia. Atherosclerosis 1991; 90(1):95-97.
(Letter)

Beilin LJ. Mori TA. Vandongen R. Morris J. Burke V.
Ritchie J. The effects of omega-3 fatty acids on blood
pressure and serum lipids in men at increased risk of
cardiovascular disease. Journal of Hypertension -
Supplement. 1993 11 Suppl 5:S318-9.

(Non -randomized or Small size)

Beitz J, Schimke E, Liebaug U, Block HU, Beitz A,
Honigmann G et al. Influence of acod liver oil dietin
healthy and insulin-dependent diabetic volunteers on fatty
acid pattern, inhibition of prostacyclin formation by low
density lipoprotein (LDL) and platelet thromboxane.
Klinische Wochenschrift 1986; 64(17):793-799.

(Duration < 4 weeks)

Bemelmans WJ, Broer J, de Vries JH, Hulshof KF, May JF,
Meyboom-de Jong B. Impact of Mediterranean diet
education versus posted |eaflet on dietary habits and serum
cholesterol in ahigh risk population for cardiovascular
disease. Public Health Nuitrition 2000; 3(3):273-283.
(n-3dose>6Q)

Bemelmans WJ, Broer J, Feskens EJ, Smit AJ, Muskiet FA,
Lefrandt JD et a. Effect of an increased intake of alpha-
linolenic acid and group nutritional education on
cardiovascular risk factors: the Mediterranean Alpha-
linolenic Enriched Groningen Dietary Intervention
(MARGARIN) study. Am J Clin Nutr 2002; 75(2):221-
227.

(n-3dose>6 Q)
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Bemelmans WJ, Muskiet FA, Feskens EJ, de Vries JH,
Broer J, May JF et al. Associations of alpha-linolenic acid
and linoleic acid with risk factors for coronary heart
disease. European Journal of Clinical Nutrition 2000;
54(12):865-871.

(No outcome of interest or Insufficent data)

Berg KJ, Skaga E, Skjaeggestad O, Stormorken H. Effect
of linseed oil on platelet adhesiveness and bleedingtimein
patients with coronary heart-disease. Lancet 1965;
2(7420):980-982.

(Non -randomized or Small size)

Berg SE, Ernst E, Varming K, Pedersen JO, Dyerberg J.
The effect of n-3 fatty acids on lipids and haemostasisin
patients with type Ilaand type IV hyperlipidaemia.
Thrombosis & Haemostasis 1989; 62(2):797-801.

(Non -randomized or Small size)

Berg SE, Klausen IC, Kristensen SD, Lervang H-H,
Faergeman O, Dyerberg J. The effect of n-3
polyunsaturated fatty acids on Lp(a). Clinica Chimica Acta
1991, 198(3):271-277.

(Duplicate publication)

Berg SE, Kristensen SD, Dyerberg J. The effect of fish ail
on lipids, coagulation and fibrinolysis in patients with
angina pectoris. Artery 1988; 15(6):316-329.

(No outcome of interest or Insufficent data)

Berg SE, Varming K, Ernst E, Madsen P, Dyerberg J.
Dose-response studies on the effect of n-3 polyunsaturated
fatty acids on lipids and haemostasis. Thrombosis &
Haemostasis 1990; 63(1):1-5.

(Crossover with < 4 week washout)

Bergeron N, Havel RJ. Influence of dietsrich in saturated
and omega-6 polyunsaturated fatty acids on the
postprandial responses of apolipoproteins B48, B-100, E,
and lipidsin triglyceride-rich lipoproteins. Arteriosclerosis,
Thrombosis, and Vascular Biology 1995; 15(12):2111-
2121

(Not n-3 study, Insufficient data on n-3)

Berry EM, Eisenberg S, Haratz D, Friedlander Y, Norman
Y, Kaufmann NA et al. Effects of dietsrichin
monounsaturated fatty acids on plasmalipoproteins--the
Jerusalem Nutrition Study: high MUFASs vs high PUFAs.
Am JClin Nutr 1991, 53(4):899-907.

(Not n-3 study, Insufficient data on n-3)

Berry EM, Hirsch J. Does dietary linolenic acid influence
blood pressure? American Journa of Clinical Nutrition
1986; 44(3):336-340.

(Not n-3 study, Insufficient data on n-3)

Bhathena SJ, Berlin E, Judd JT, Kim YC, Law JS,
Bhagavan HN et al. Effects of omega 3 fatty acids and
vitamin E on hormones involved in carbohydrate and lipid
metabolism in men. American Journal of Clinical Nutrition
1991; 54(4):684-688.

(n-3dose>60)

Bierenbaum ML, Reichstein R, Watkins TR. Reducing
atherogenic risk in hyperlipemic humans with flax seed
supplementation: apreliminary report. Journal of the



American College of Nutrition 1993; 12(5):501-504.
(Non -randomized or Small size)

Bierenbaum ML, Reichstein RP, Watkins TR, Maginnis
WP, Geller M. Effects of canolaoil on serum lipidsin
humans. Journal of the American College of Nutrition
1991; 10(3):228-233.

(Non -randomized or Small size)

Bjerregaard P, Pedersen HS, Mulvad G. The associations of
amarine diet with plasmalipids, blood glucose, blood
pressure and obesity among the inuit in Greenland.
European Journal of Clinical Nutrition 2000; 54(9):732-
737.

(Not n-3 study, Insufficient data on n-3)

Blok WL, Deslypere JP, Demacker PN, van d, V, Hectors
MP, van der Meer JW et a. Pro- and anti-inflammatory
cytokinesin healthy volunteers fed various doses of fish oil
for 1 year. European Journal of Clinical Investigation 1997,
27(12):1003-1008.

(No outcome of interest or Insufficent data)

Blonk MC, Bilo HJ, Nauta JJ, Popp-Snijders C, Mulder C,
Donker AJ. Doseresponse effects of fish-ail
supplementation in healthy volunteers. Am J Clin Nutr
1990; 52(1):120-127.

(Non -randomized or Small size)

Boberg M, Pollare T, Siegbahn A, Vesshy B.
Supplementation with n-3 fatty acids reduces triglycerides
but increases PAI-1 in non-insulin-dependent diabetes
mellitus. European Journal of Clinical Investigation 1992;
22(10):645-650.

(Crossover with < 4 week washout)

Boberg M, Vessby B, Selinus |. Effects of dietary
supplementation with n-6 and n-3 long-chain
polyunsaturated fatty acids on serum lipoproteins and
platelet function in hypertriglyceridaemic patients. Acta
Medica Scandinavica 1986; 220(2):153-160.

(Non -randomized or Small size)

Bonaa KH, Bjerve KS, Straume B, Gram IT, Thelle D.
Effect of eicosapentaenoic and docosahexaenoic acids on
blood pressure in hypertension. A popul ation-based
intervention trial from the Tromso study. New England
Journal of Medicine 1990; 322(12):795-801.

(Non -randomized or Small size)

Bonanome A, BiasiaF, De LucaM, Munaretto G, Biffanti
S, PradellaM et al. n-3 fatty acids do not enhance LDL
susceptibility to oxidation in hypertriacylglycerolemic
hemodialyzed subjects. Am J Clin Nutr 1996; 63(2):261-
266.

(Inappropriate Human population)

Bonefeld-Jorgensen EC, Moller SM, Hansen JC.
Modulation of atherosclerotic risk factors by sed ail: a
preliminary assessment. International Journal of
Circumpolar Health 2001; 60(1):25-33.

(Sample size too small)

Bordin P, Bodamer OA, Venkatesan S, Gray RM,
Bannister PA, Halliday D. Effects of fish ail
supplementation on apolipoprotein B100 production and
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lipoprotein metabolism in normolipidaemic males.
European Journal of Clinical Nutrition 1998; 52(2):104-
1009.

(Non -randomized or Small size)

Bowles MH, Klonis D, Plavac TG, Gonzaes B, Francisco
DA, Roberts RW et al. EPA in the prevention of restenosis
post PTCA. Angiology 1991; 42(3):187-194.

(Non -randomized or Small size)

Boyce J, Fordyce F. A study to examine any differencein
absorption of cod-liver oil when taken fasting compared to
during ameal by examining changesin blood lipid levels.
Human Nutrition - Applied Nutrition 1987; 41(5):364-366.
(Duration < 4 weeks)

Bradlow BA, Chetty N, van der WJ, Mendelsohn D,
Gibson JE. The effects of amixed fish diet on platelet
function, fatty acids and serum lipids. Thrombosis
Research 1983; 29(6):561-568.

(Duration < 4 weeks)

Brister SJ, Buchanan MR. Effects of linoleic acid and/or
marine fish oil supplements on vessel wall
thromboresistance in patients undergoing cardiac surgery.
Advances in Experimental Medicine & Biology 1997;
433:275-278.

(Do not report cohort sizes)

Brouwer DA, van der Dijs FP, Leerink CB, Steward HN,
Kroon TA, Suverkropp GH et a. The dietary fatty acids of
patients with coronary artery disease and controlsin
Curacao. Implications for primary and secondary
prevention. West Indian Medical Journal 1997; 46(2):53-
56.

(No outcome of interest or Insufficent data)

Brouwer DAJ, Hettema 'Y, Van Doormaal JJ, Muskiet FAJ.
gammeLinoleic acid does not augment long-chain
polyunsaturated fatty acid omega-3 status. Nederlands
Tijdschrift voor de Klinische Chemie 1998; 23(4):173-178.
(No outcome of interest or Insufficent data)

Brouwer IA, Zock PL, van Amelsvoort LG, Katan MB,
Schouten EG. Association between n-3 fatty acid statusin
blood and electrocardiographic predictors of arrhythmia
risk in healthy volunteers. American Journa of Cardiology
2002; 89(5):629-631.

(Not n-3 study, Insufficient data on n-3)

Brown A.J., Roberts D.C. Moderate fish oil intake
improves lipemic response to a standard fat meal: A study
in 25 healthy men. Arteriosclerosis & Thrombosis 1991;
11(3):457-466.

(Sample size too small)

Brown JE, Wahle KW. Effect of fish-oil and vitamin E
supplementation on lipid peroxidation and whole-blood
aggregation in man. Clinica Chimica Acta 1990;
193(3):147-156.

(Non -randomized or Small size)

Brown JE, Wahle KWJ. Fish-oil supplements, lipid
peroxidation and platelet aggregation in man. Biochemical
Society Transactions 1989; 17(3):493.

(Abstract)



Brox J, Bjornstad E, Olaussen K, Osterud B, Almdahl S,
Lochen ML. Blood lipids, fatty acids, diet and lifestyle
parameters in adolescents from aregion in northern
Norway with a high mortality from coronary heart disease.
European Journal of Clinical Nutrition 2002; 56(7):694-
700.

(Pediatric population)

Brox JH, Killie JE, Gunnes S, Nordoy A. The effect of cod
liver oil and corn oil on platelets and vessel wall in man.
Thrombosis & Haemostasis 1981; 46(3):604-611.
(Crossover with < 4 week washout)

Brox JH, Killie JE, Osterud B, Holme S, Nordoy A. Effects
of cod liver oil on platelets and coagulation in familial
hypercholesterolemia (type I1a). Acta Medica Scandinavica
1983; 213(2):137-144.

(Crossover with < 4 week washout)

Bruckner G, Webb P, Greenwell L, Chow C, Richardson D.
Fish oil increases peripheral capillary blood cell velocity in
humans. Atherosclerosis 1987; 66(3):237-245.

(Duration < 4 weeks)

Brude IR, Drevon CA, Hjermann |, Seljeflot I, Lund-Katz
S, Saarem K et al. Peroxidation of LDL from combined-
hyperlipidemic male smokers supplied with omega-3 fatty
acids and antioxidants. Arteriosclerosis Thrombosis &
Vascular Biology 1997; 17(11):2576-2588.

(No outcome of interest or Insufficent data)

Brude IR, Finstad HS, Sdljeflot I, Drevon CA, Solvoll K,
Sandstad B et al. Plasma homocysteine concentration
related to diet, endothelial function and mononuclear cell
gene expression among male hyperlipidaemic smokers.
European Journal of Clinical Investigation 1999;
29(2):100-108.

(Non -randomized or Small size)

Brussaard JH, Katan MB, Groot PHE, Havekes LM,
Hautvast JGAJ. Serum lipoproteins of healthy personsfed a
low-fat diet or a polyunsaturated fat diet for three months.
A comparison of two cholesterol-lowering diets.
Atherosclerosis 1982; 42(2-3):205-219.

(Not n-3 study, Insufficient data on n-3)

Bulliyya G, Reddy KK, Reddy GP, Reddy PC, Reddanna P,
Kumari KS. Lipid profiles among fish-consuming coastal
and non-fish-consuming inland populations. European
Journal of Clinical Nutrition 1990; 44(6):481-485.

(Non -randomized or Small size)

Bulliyya G, Reddy PC, Reddanna P. Serum lipids with
reference to the atherogenic risk in fish consuming and
non-fish consuming people. South Asian Anthropol ogist
1997; 18(2):123-131.

(Not n-3 study, Insufficient data on n-3)

Bulliyya G, Reddy PC, Reddy KN, Reddanna P. Fatty acid
profile and the atherogenic risk in fish consuming and non
fish consuming people. Indian Journal of Medical Sciences
1994; 48(11):256-260.

(No outcome of interest or Insufficent data)

Bulliyya G. Fish intake and blood lipidsin fish eating vs
non-fish eating communities of coastal south India. Clinical
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Nutrition 2000; 19(3):165-170.
(Not n-3 study, Insufficient data on n-3)

Bulliyya G. Influence of fish consumption on the
distribution of serum cholesterol in lipoprotein fractions:
comparative study among fish-consuming and non-fish-
consuming populations. Asia Pac J Clin Nutr 2002;
11(2):104-111.

(Non -randomized or Small size)

Burr ML, Ashfield-Watt PAL, Dunstan FDJ, Fehily AM,
Breay P, Ashton T et al. Lack of benefit of dietary advice to
men with angina: Results of a controlled trial. Eur JClin
Nutr 2003; 57(2):193-200.

(No outcome of interest or Insufficent data)

Burri BJ, Dougherty RM, Kelley DS, lacono JM. Platelet
aggregation in humans is affected by replacement of dietary
linoleic acid with oleic acid. Am J Clin Nutr 1991;
54(2):359-362.

(Sample size too small)

Butcher LA, O'DeaK, Sinclair AJ, Parkin JD, Smith IL,
Blombery P. The effects of very low fat diets enriched with
fish or kangaroo meat on cold-induced vasoconstriction and
platelet function. Prostaglandins Leukotrienes & Essential
Fatty Acids 1990; 39(3):221-226.

(Not n-3 study, Insufficient data on n-3)

Byberg L, Smedman A, Vessby B, Lithell H. Plasminogen
activator inhibitor-1 and relations to fatty acid composition
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