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Preface

The Agency for Healthcare 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 Acidson
Cardiovascular Disease was requested and funded by Office of Dietary Supplements, National
Institutes of Health. The reports and assessments provide organizations with comprehensive,
science-based information on common, costly medical conditions and new health care
technologies. The EPCs systematically review the relevant scientific literature on topics
assigned to them by AHRQ and conduct additional analyses when appropriate prior to
developing their reports and assessments.

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

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

We welcome 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, Ph.D.
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
consumption on several cardiovascular disease (CVD) outcomes, such as all cause mortally,
CVD death, cardiac death, sudden death, myocardial infarction and stroke. However, the
mechanisms of this benefit are unclear.

Objectives. Asthefirst of a 3-part report on this topic, we analyzed relevant nutrition
databases to describe the intake levels of various omega- 3 fatty acids in the US population. We
also performed a systematic review of the literature to assess the benefits of omega- 3 fatty acid
supplements or fish consumption on various CVD outcomes and to assess adverse events
associated with intake of omega-3 fatty acid supplements.

Data Sources. The Continuing Survey of Food Intakes by Individuals (CSFIl) was reviewed
and the third National Health and Nutrition Examination Survey (NHANES I11) was analyzed for
dietary intake. Medline, Embase, Cochrane Certral Register of Controlled Trials, Biological
Abstracts, and Commonwealth Agricultural Bureau databases were searched for potentially
relevant studies to address the questions on the effects of omega-3 fatty acids.

Study Selection. We screened over 7,464 abstracts and retrieved 768 full text articles. Thirty-
nine studies met our inclusion criteria and provided data to address the key questionsin this
report. We used randomized controlled trials (RCTs) and observational studies that quantified
the amount of fish or omega- 3 fatty acid intake and that were at least 1 year in duration to assess
the effects of omega-3 fatty acid consumption on CVD outcomes on risk of CVD in the general
population (those without known CVD) and in populations at high risk due to pre-existing CVD
or multiple CVD risk factors.

Data Extraction. From each study that qualified, we extracted information about the study
design, population demographics, the prescribed or estimated amount of omega- 3 fatty acid
supplements or fish consumed, and outcomes. For RCTs, we extracted information about the
randomization and blinding techniques to assess methodological quality. For prospective cohort
studies, we extracted estimated quantities of fish or fish oil consumed and their associated effect.

Data Synthesis. The intake of omega-3 fatty acids in the population varies. Corrected for
energy intake, men consume significantly less alpha-linolenic acid (ALA, 18:3 n-3) than women,
adults more than youths, and subjects with a history of CVD less than those without CVD. Based
on analyses of asingle 24-hour dietary recall in NHANES 111, only 25% of the US population
reported any amount of daily eicosapentaenoic acid (EPA, 20:5 n3) or docosahexaenoic acid
(DHA, 22:6 n-3) intake.

Eleven RCTs and 1 prospective cohort study reported outcomes on CVD populations. The
largest trial reported that fish oil (EPA + DHA) reduces all cause mortality and CVD events,
although fish oil has no effect on stroke. Most other studies evaluating either fish oil or ALA
supplements reported similar findings. There were few trials of ALA. In the only RCT that
directly compared ALA and fish oil, both treatments were efficacious in reducing CVD outcome.
No significant difference was found between the 2 supplements.



Twenty-two prospective cohort studies and 1 RCT reported data on general populations.
Among the cohort studies there were considerable differences among the populations studied, as
well asin the estimates of fish or omega-3 fatty acids consumed. Most of the large cohort studies
found fish consumption was associated with lower rates of al cause mortality and CVD
outcomes, but several studies reported no significant or negative results for the CVD outcomes.
A significant benefit for stroke was reported in 1 study. The single RCT which evaluated ALA in
alarge genera population lasted only 1 year yielding no significant results. Gastrointestinal
symptoms associated with fish oil or ALA supplements are the most commonly reported adverse
event and may require dose reduction or discontinuation in some individuals. Clinical bleeding is
atheoretical concern but this was not borne out by the evidence.

Conclusions. Overal, consumption of omega-3 fatty acids from fish or from supplements of
fish oil reduces all cause mortality and various CVD outcomes. The evidence for ALA
supplements is sparse and inconclusive. The adverse events due to consumption of fish oil or
ALA supplements appear to be minor. Many questions remain. The studies were heterogeneous
with regard to the methods of estimating fish or omega-3 fatty acid intake, background diets,
settings, and the methods of reporting results. Due to these reasons, the validity of applying the
results of studies conducted in countries outside of the US to the US population is uncertain. The
optimal quantity and type of omega-3 fatty acid, and the optimal ratio of omega-3 to omega-6
fatty acid (if such an optimal ratio exists), remain undefined. Not much data exists concerning
the needs of different subpopulations. Different types of fish and the method of food preparation
may have different effects. Future research needs to address these issues.
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Summary

Introduction

Since the first cross-cultural epidemiological
studies in the 1970s" the body of evidence
supporting a role for omega-3 fatty acids in the
prevention of cardiovascular disease (CVD) has
continued to increase. However, the beneficial
effects of omega-3 fatty acids are not consistently
observed in all epidemiological studies.

In this report, we review information from
experimental and observational studies that
investigate the effect of dietary or supplemental
omega-3 fatty acids on clinical outcomes. More
specifically, we examine how dietary or
supplemental omega-3 fatty acids affect particular
CVD outcomes such as myocardial infarction and
stroke, and investigate whether omega-3 fatty
acids can play a role in primary and secondary
prevention of these outcomes. In addition, we
examine evidence of adverse events and drug
interactions associated with omega-3 fatty acids.
The report also includes an analysis of dietary
intake of omega-3 fatty acids based on the third
National Health and Nutrition Examination
Survey (NHANES III) database.** Using
NHANES III data, we have determined the mean
intake of omega-3 fatty acids in the U.S.
population and various subpopulations and
whether there is a difference in the mean intake
of omega-3 fatty acids between adults with and
without cardiovascular disease.

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

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES e Public Health Service

topics related to omega-3 fatty acids, and that
were requested 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 Tufts-NEMC EPC, the Southern
California/RAND EPC, and the University of
Ottawa EPC—each produced evidence reports.
To ensure consistency of approach, the three
EPC:s collaborated on selected methodological
elements, including literature search strategies,
rating of evidence, and data table design.

Methods

Key Questions

Key questions addressed by this report include
one general question and three questions specific

to CVD:

General Question

1. What are the mean and median intakes of
docosahexaenoic acid (DHA, 22:6 n-3),
eicosapentaenoic acid (EPA, 20:5 n-3),
docosapentaenoic acid (DPA, 22:5 n-3),
alpha linolenic acid (ALA, 18:3 n-3), fish,
fish oil, and omega-6 fatty acids, and what is
the mean and median omega-6 to omega-3
fatty acid ratio, in the U.S. population?
a. Do consumption levels differ among

subpopulations?

Cardiovascular Disease Questions
1. What is the efficacy or association of omega-3

fatty acids (DHA, EPA or ALA supplements,
and fish consumption) in reducing CVD
events (including all-cause mortality, CVD
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mortality, non-fatal CVD events, and new diagnosis of

CVD)?

a.

What is the efficacy or association of omega-3 fatty acids
in preventing incident CVD events in people without
known CVD (primary prevention) and with known
CVD (secondary prevention)?

How does the efficacy or association of omega-3 fatty
acids in preventing incident CVD events differ in
subpopulations, including men, pre-menopausal
women, post-menopausal women, and different age
groups?

What are the effects of potential confounders—such as
lipid levels, body mass index, blood pressure, diabetes,
aspirin use, hormone replacement therapy, and
cardiovascular drugs—on associations found in
prospective cohort studies?

What is the relative efficacy of omega-3 fatty acids on
different CVD outcomes? Can the CVD outcomes be
ordered by strength of treatment effect of omega-3 fatty
acids?

. Omega-3 fatty acid variables and modifiers:

a.

What is the efficacy or association of specific omega-3
fatty acids (DHA, EPA, ALA), and different ratios of
omega-3 fatty acid components in dietary supplements,
on CVD outcomes?

Does the ratio of omega-6 to omega-3 fatty acid intake
affect the efficacy or association of omega-3 fatty acid
intake on CVD outcomes?

How does the efficacy or association of omega-3 fatty
acids on CVD outcomes differ by source (e.g., dietary
fish, dietary oils, dietary plants, fish oil supplement, flax
seed supplement)?

How does the efficacy or association of omega-3 fatty
acids on CVD outcomes differ by different ratios of
DHA, EPA, and ALA?

Is there a threshold or dose-response relationship
between omega-3 fatty acids and CVD outcomes?
How does the duration of intervention or exposure

affect the treatment effect of omega-3 fatty acids on
CVD outcomes?

Are treatment effects or association of omega-3 fatty
acids on CVD events sustained after the intervention or
exposure stops?

What is the effect or association of baseline dietary
intake of omega-3 fatty acids on the efficacy of omega-3
fatty acid supplements on CVD outcomes?

Does the use of medications for CVD and/or CVD risk
factors (including lipid lowering agents and diabetes
medications) affect the efficacy or association of omega-

3 fatty acids?

3. Adverse events and drug interactions:

a. What adverse events related to omega-3 fatty acid
dietary supplements are reported in studies of CVD
outcomes and markers?

b. What adverse events related to omega-3 fatty acid
dietary supplements are reported specifically among
diabetics and people with CVD in studies of CVD
outcomes and markers?

c. What interactions between omega-3 fatty acid dietary
supplements and medications are reported in studies of
CVD outcomes and markers?

d. What interactions between omega-3 fatty acid dietary
supplements and medications are reported specifically
among diabetics and people with CVD in studies of
CVD outcomes and markers?

Method to Assess the Dietary Intake of
Omega-3 Fatty Acids in the U.S. Population

Data from the NHANES III database were analyzed using
SAS®_callable SUDAAN®, version 7.5.6 (Research Triangle
Institute, Research Triangle Park, NC). All analyses
incorporated sampling weights that adjusted for unequal
sampling probabilities. Variance estimations were made with
the WR (sampling with replacement) method. Each
denominator has 49 degrees of freedom. Simple linear
regression was used to test the significance of the differences in
the daily intake of the polyunsaturated fatty acids between
groups. The adjusted means for categorical covariates in the
regression model were calculated with the least square method.
Statistical significance of the correlation between the dependent
variables (e.g., intake of ALA) and independent variables (e.g.,
sex groups, age groups, CVD groups) were calculated with the
Wald chi-square statistics.

Literature Search for Omega-3 Fatty Acids
and Cardiovascular Disease

To address the three key questions related to CVD, we
conducted a comprehensive literature search and used the Ovid
search engine for all preliminary searches on the MEDLINE®
database. The final searches used six 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 Health from
1973 to December 2002. Additional publications were
identified from reference lists and review and primary articles,
and from domain experts, the Technical Expert Panel (TEP),
and the other two EPCs.



Selection Criteria and Screening Process

Abstract and full article screening. All abstracts identified
through the literature search were screened using eligibility
criteria developed in conjunction with the TEP. We included all
English language original experimental or observational 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. In addition, we excluded abstracts that
clearly included only subjects who had a non-CVD-related
condition (e.g., cancer, schizophrenia, or organ transplant).
Reports published only as letters or as abstracts in proceedings
were also excluded. All abstracts were categorized to one or
more of the key questions or as rejects.

Articles that passed the abstract screening process were
retrieved and the full articles were screened for eligibility. We
accepted randomized controlled trials (RCTs) or prospective
cohort studies with a minimum of 1-year followup to address
CVD outcome questions. We also accepted case-control studies
and cross-sectional studies that assessed the prevalence of CVD
in populations with varying levels of omega-3 fatty acid
consumption.

Selection of studies for adverse events and drug
interactions. Human studies that were analyzed for clinical
outcomes (for this report) or for risk factors (for the
accompanying report, Effects of Omega-3 Fatty Acids on
Cardiovascular Risk Factors and Intermediate Markers of
Cardiovascular Disease) were reviewed for data on adverse events
and drug interactions.

We looked for studies that evaluated potential interactions
between omega-3 fatty acid supplements and commonly used
drugs, including but not limited to hormone replacement
therapy, diabetes medications, aspirin, and anticoagulants. In
the studies that reported serious adverse events such as clinical
bleeding, we note the concurrent medications that the subjects
were taking.

Data extraction process. From each qualified study, we
extracted information about the study design, population
demographics, the intervention of exposure, and outcomes. For
randomized controlled trials, we extracted information about
randomization and blinding status to assess methodological
quality. For prospective cohort studies, we extracted data on the
estimates of various levels of fish or fish oil consumption and
the associated effect.

Results

Population Intake of Omega-3 Fatty Acids in
the United States
The intake of omega-3 fatty acids in the population varies.

Corrected for energy intake, men consume significantly less
ALA than women, adults more than youths, and subjects with

a history of CVD less than those without CVD. Based on
analyses of a single 24-hour dietary recall in NHANES III, only

25 percent of the U.S. population reported any amount of
daily EPA or DHA intake.

Effects of Omega-3 Fatty Acid Supplements or
Fish Consumption on Cardiovascular Disease
Outcomes

We screened over 7,464 abstracts that were indexed as
English language articles concerning humans. Based on this
initial review, we retrieved and screened 768 full text articles for
potentially relevant human data. We subsequently examined
118 articles that passed our screen for studies that might have
CVD dlinical outcome data, identifying 39 unique studies that
fulfilled our inclusion criteria for reporting mortality or CVD
clinical outcomes with a followup duration of 1 year or longer
(interim reports or articles reporting different outcomes from
the same overall study were counted as a single study).

The 39 studies included 12 RCTs, 22 prospective cohort
studies of at least 1 year in duration, 4 case-control studies, and
1 cross-sectional study. All of these studies quantified or
estimated the intake of fish or omega-3 fatty acids (including
fish oil or ALA supplements) and assessed the effects of their
consumption on CVD outcomes in the general (primary
prevention) or CVD (secondary prevention) populations.

Secondary prevention studies. We reviewed 11 RCTs and
one prospective cohort study that reported outcomes on CVD
populations. Together, the trials included over 16,000 patients
and each lasted between 1.5 to 5 years.

Four trials used fish oil (EPA+DHA) supplements in a
dosage that ranged from 0.27 to 4.8 g/d.”* The methodological
quality was generally good. The largest trial’ reported that fish
oil (EPA + DHA) reduces all-cause mortality and CVD
outcomes but does not affect stroke. Other trials that evaluated
fish oil supplements reported similar results on CVD and
stroke outcomes. A fifth RCT, which was the only multi-arm
RCT identified,’” directly compared mustard seed oil
(containing ALA), fish oil, and non-oil placebo. It found that
both oil treatments were efficacious in reducing CVD
outcomes compared to placebo but found no difference
between the two supplements; however, the methodological
quality of this study was poor.

Six trials were diet or fish dietary advice trials. Four of the
dietary studies generally of poor quality reported estimates of
the amount of ALA consumed (1.8 to 6.3 g/d)'** and two
reported an estimate of EPA (2.4 to 2.7 g/week) consumed.
Two large ALA trials reported reduction of all-cause mortality
and CVD events.'"? Another study, the smallest ALA trial,”
had a very low all-cause or CVD mortality event rate (0.6
percent) over the 2-year study duration and found no beneficial
effect from increased ALA intake.
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Six RCTs**!"121415 reported data on sudden death. Four of
the six studies reported a significant or near-significant large
reduction of this outcome (risk ratio [RR] = 0.06 to 0.55).5%!"12
The reduction of sudden death was observed in both the fish
oil group as well as in the ALA group. However, the quality of
the ALA trials was poor.”'"'? A new report by Burr et al. found
that those taking fish oil supplements experienced an increase
in sudden death risk. The methodological quality of this trial

was also poor.”

Six trials reported contradictory data on stroke. The control
groups reported that strokes occurred in 0 percent to 3 percent
of the subjects during the study. The three omega-3 fatty acid
supplements trials*”* reported trends of increased strokes,
whereas the three diet/dietary advice trials'" reported trends of
fewer strokes. No result from these studies was statistically
significant.

One study consistently reported no beneficial effect of
omega-3 fatty acid on any of the CVD outcomes.* It
randomized a total of 300 patients to 1.7 g/d of EPA+DHA or
an equivalent amount of corn oil and followed subjects for 1.5
years.

The single prospective cohort study' also reported an at least
50 percent relative risk reduction of all cause mortality with any
amount of fish intake compared with subjects who consumed

no fish.

Primary prevention studies. Twenty-two prospective
cohort studies, four case-control studies, one cross-sectional
study, and one RCT" reported data on outcomes in general
populations. These studies were conducted in many parts of the
world including the United States, China, Japan, and countries
in the Mediterranean and Northern Europe. The
methodological quality of most of the studies within their study
design category was good. Most of the cohorts had several
thousand subjects and study duration ranged from 4 to 30
years. Most of the large cohort studies found that fish
consumption reduces all-cause mortality and CVD events,
although several studies reported no significant or negative
results. A significant benefit for stroke was reported in only one
study.” The only RCT,” which evaluated ALA in a large
general population, lasted 1 year and yielded no significant
results. Presumably, subjects in this study had high background
omega-3 fatty acid levels because of characteristically large
consumption of fish in their native lands.

For each study, outcomes in terms of CVD deaths, cardiac
deaths, and myocardial infarction (MI) were similar. Most of
the large cohort studies reported significant reduction of clinical
events. Among the large studies, only the Physicians’ Health
Study® consistently reported no beneficial effect from fish
consumption.

Two prospective cohort studies'* reported data on sudden
death. These studies provided estimates of both fish and fish oil
consumption. The Physicians’ Health Study, which followed
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20,551 subjects for 12 years, reported an approximately 50
percent overall relative risk reduction even with a small amount
of fish intake (>0.3g of fish oil per month or eating fish once a
month)."” A smaller study also found significant reduction of
arrthythmic deaths at higher levels of fish intake. However, in
the same study, opposite results were observed with
consumption of fried fish or fish sandwiches.*” A case-control
study of 827 subjects in the United States also reported a
significant inverse association of sudden death with increasing

fish intake.”

Nine prospective cohort studies and one case-control study
provided data on stroke. Five of the cohort studies estimated
the amount of fish oil consumed and eight estimated fish
intake. These studies included the large U.S. cohorts of the
Nurses’ Health Study,”> Health Professionals Study,'® and the
Physicians’ Health Study® which followed subjects for 14, 12,
and 4 years, respectively. Together, these three studies
comprised a total of about 145,000 men and women. Only the
Health Professionals Study reported a significant reduction of
ischemic strokes with any level of fish consumption above the
lowest quintile. In the Nurses' Health Study, there was a non-
significant trend of decreased strokes with increasing fish
consumption. Other studies showed a weak benefit, no benefit,
or an increased risk of strokes. The fish oil estimates and fish
estimates gave similar results.

Overall, the evidence from the primary and secondary
prevention studies supports the hypothesis that consumption of
omega-3 fatty acids (EPA, DHA, ALA), fish, and fish oil
reduces all-cause mortality and various CVD outcomes such as
sudden death, cardiac death (coronary or MI death), and MI,
although the evidence is strongest for fish or fish oil.

CVD question 1a. We identified one RCT and 22
prospective cohort studies that provided data on primary
prevention. Eleven RCTs and one prospective cohort study
provided data on secondary prevention. These studies were
summarized in previous sections.

CVD question 1b. CVD question 1b. concerns the efficacy
or association of omega-3 fatty acids and prevention of incident
CVD events in selected subpopulations. There were no
subgroup data from RCTs to address differences between men
and women. However, the proportion of women in RCTs was
small, four cohort studies and one case-control study reported
data on men and women separately. Overall, these studies
found no consistent difference in the effect of omega-3 fatty
acids on CVD outcomes between men and women.

A report based on NHANES [ that separately analyzed data
for men and women found a trend of decreased stroke with
increasing fish consumption for women between ages 45 and
74, but not for men.*

The Adventist Health Study, which grouped subjects into
those who ate fish less than once a week and those who ate
more, did not find a beneficial effect of fish intake on all-cause



or coronary-disease mortality. There were also no differences
between men and women.” Osler et al. reported a similar
finding.” However, Nagata et al. followed a cohort of 13,355
men and 15,742 women in Japan for 7 years and reported that
the association between soy intake and all-cause mortality was
significant in women (trend P = 0.04) and marginally
significant (trend P = 0.07) in men, and the association
between fish oil intake and all-cause mortality was significant
for women (trend P = 0.01) and non-significant for men (trend
P =0.38).” Results from a cross-sectional study reported that
ALA intake was inversely associated with the prevalence odds
ratio of coronary artery disease using age and energy-adjusted
quintiles of ALA.* Significant trends were found for men and
women after adjusting for multiple variables.

The Nurses' Health Study, a large prospective cohort study
of women, reported no subgroup analyses based on menopausal
status or age groups.”* The Adventist Health Study found no
difference in all-cause mortality between fish intake of less than
or greater than once a week in a subgroup of 603 oldest old
(>84 years old) subjects.”

CVD question 1c. Key question 1c. asks about the effects of
potential confounders on associations found in prospective
cohort studies. Because only summary data about potential
confounders was available (and this data was insufficiently
detailed), we were unable to analyze the effect of confounders
across studies. To fully answer question 1c. would require a
meta-analysis of the original data from the cohort studies.

Only one study addressed the potential confounding effect
of a specific variable (i.e., aspirin treatment).”? Iso et al. analyzed
subgroups of women in the Nurses’ Health Study who took
aspirin regularly versus those who did not.* Stroke events were
reduced in both groups at most levels of fish intake, and a
statistically significant trend with increasing fish consumption
was found in women who did not take aspirin regularly.

CVD question 1d. There is limited evidence from RCTs
and cohort studies to answer question 1d. regarding the relative
efficacy or association of omega-3 fatty acids on different CVD
events. Because of large heterogeneity across studies and
inconsistent reporting of outcomes, it is difficult to compare
the magnitude of outcomes across studies. Evidence from RCTs
is strongest for all-cause mortality and sudden death, while
evidence from the cohort studies is strongest for all-cause
mortality, cardiac mortality, M1, and stroke. All the prospective
cohort studies showed a similar order; however, the effect on
total mortality (assuming benefits are restricted to CVD) were
directly dependent on the proportion of all deaths due to
CVD. Given the inconsistent effects in RCTs on stroke, and
less consistent effects in cohort studies, the relative effect of
omega-3 fatty acids on stroke is uncertain.

CVD question 2a. Question 2a. asks about the efficacy of
different omega-3 fatty acids and ratios of omega-3 fatty acid
components on CVD outcomes. This question is difficult to

answer since data on specific omega-3 fatty acids are very
limited. The only RCT that directly compared ALA (at 2.9
g/d) with fish oil (EPA+DHA at 1.8 g/d) found that total
cardiac deaths, nonfatal MI, and CVD events in the fish oil
group were significantly lower compared to placebo. There were
no differences in CVD outcomes between the two
supplements.’

CVD question 2b. To determine whether the ratio of
omega-6 to omega-3 fatty acid intake affects the efficacy of
omega-3 fatty acid intake on CVD events, we identified two
cohort studies™** and one cross-sectional study® that reported
associations between omega-3/omega-6 ratios and CVD
outcomes.

Using data from the Multiple Risk Factor Intervention study,
Dolecek divided omega-3/omega-6 ratios into five quintiles and
reported near significant trends (P<0.1) for reduction of CVD
and all-cause mortality. The mean omega-3/omega-6 ratio for
the entire cohort was 0.133, the lowest quintile was 0.086 and
the highest was 0.199.* Djousse et al. analyzed the association
of omega-6/omega-3 ratios with quintiles of ALA intake on the
prevalence odds ratio of coronary artery disease.”® They reported
a near significant association in the lowest tertile of omega-
6/omega-3 ratio (higher ALA intake) with higher levels of ALA
intake (trend P = 0.06). Near significant reduction of the
prevalence odds ratio of coronary artery disease was also found
for the combination of the highest tertile of linoleic acid (LA,
18:2 n-6) and highest tertile of ALA.

In another study, Hu et al. stratified the omega-6/omega-3
ratio into two groups (low ratio group, median = 5.9; high ratio
group, median = 9.2) and compared the effect of increasing
amounts of omega-3 fatty acids (ALA, EPA, DHA). They
reported that the inverse association with risk of CVD appeared
to be somewhat stronger in the high ratio group compared to
the low-ratio group, but a test for interaction was not
statistically significant.”

CVD question 2c. Question 2c. asks how the efficacy or
association of omega-3 fatty acids on CVD events differs by
source (e.g., dietary fish, dietary oils, dietary plants, fish oil
supplement, and flax seed supplement). To address this
question, we needed to compare the efficacy of different sources
of omega-3 fatty acids; however, the available studies were too
heterogeneous in terms of study design, duration, background
diet, methods of assessment, and outcomes to allow even
indirect comparisons that were meaningful. Overall, fish oil is
more efficacious than ALA. In the Nurses' Health Study, Hu
performed primary analyses of ischemic heart disease outcomes
using ALA intake quantified from all sources and repeated the
same analyses using ALA from plant sources only.” Results for
fatal ischemic heart disease outcomes were similar for the two
ALA estimates.

CVD question 2d. Comparative efficacy of different ratios
of DHA, EPA, and ALA can be reliably assessed only by
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concurrent multi-arm comparisons in a randomized trial
setting. No data were found to answer this question.

CVD question 2e. Question 2e. asks whether there is a
threshold or dose-response relationship between omega-3 fatty
acids and CVD events. To answer this question we identified
several RCTs that reported beneficial effects from fish oil at a
relatively low daily dose. The GISSI-Prevention trial used a fish
oil (EPA+DHA) dose of 0.85 g/d and reported significant
beneficial effects on CVD outcomes. Leng et al. showed that
no beneficial effect was observed with a daily EPA dosage of
0.27 g/d in a 2-year trial involving 120 CVD patients.” Nilsen
et al. used 1.7 g/d EPA+DHA which showed no effects on
CVD outcomes.® Two ALA diet trials''> which estimated a
daily ALA intake of 1.8 or 1.9 g/d, reported significant or near-
significant beneficial effects on CVD outcomes compared with
control diets with estimated ALA intakes of 0.67 or 0.8 g/d,
respectively.

CVD question 2f. To address this question about how the
duration of intervention or exposure affects the treatment effect
of omega-3 fatty acids on CVD events, we examined the
duration of the RCTs in the CVD population and found that it
ranged from 1.5 to 5 years. The largest RCT (13,000 subjects),
which had a 1-year duration in the non-CVD population,
found no effect on any of the CVD outcomes.”” The duration
of the prospective cohort studies ranged from 4 to 30 years.
Among the cohort studies, those that followed subjects for less
than 6 years demonstrated no significant benefit for clinical
effects. The Physicians’ Health Study reported no significant
effect on CVD outcomes after 4 years of followup.”

CVD question 2g. Only one study,” which is the 10-year
followup to the Diet and Reinfarction (DART) study,
addressed the question of whether treatment effects of omega-3
fatty acids on CVD events were sustained after the intervention
stopped. This study showed no long-term benefit from being in
the fish advice group in the DART study.

CVD question 2h. Question 2h. asks about the effect or
association of baseline dietary intake of omega-3 fatty acid
supplements on CVD events. We found only a few dietary
RCTs that provide some information about the benefits of
adding omega-3 fatty acids to baseline intake. Two ALA diet
trials,""'? each of 2-years duration, estimated daily ALA intake
at 1.8 or 1.9 g/d and reported significant or near-significant
beneficial effects on multiple CVD outcomes compared to
control diets with an estimated ALA intake of 0.67 or 0.8 g/d.
In an RCT of dietary fish advice, Burr et al. estimated the
amount of EPA in the control group (0.6 g/week) and the
interventional group (2.4 g/week).”**

CVD question 2i. None of the RCTs were specifically
designed to determine whether the addition of CVD risk factor
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medications (lipid lowering agents or diabetes medications)
affects the efficacy of omega-3 fatty acids. Similarly, none of the
cohort studies specifically adjusted for CVD risk factor

medications.

Adverse Events Associated With Omega-3
Fatty Acid Consumption

We reviewed 395 human clinical articles for reports of
adverse events associated with omega-3 fatty acid consumption.
We rejected 247 articles because they did not provide adverse
event information and two additional articles that were
duplicate publications. Of the remaining 148 articles in the
general and CVD populations, a variety of adverse events were
reported in 71 studies, but 77 RCTs and non-randomized
comparison studies reported no adverse events.

One hundred and forty-two articles provided data on about
20,000 subjects, about one-half of whom were exposed to
different forms and dosages of omega-3 fatty acid for durations
ranging from 1 to 364 weeks. The majority of the studies
evaluated a few dozen subjects for less than 6 months. The
GISSI-Prevention trial, that had over 11,000 subjects and a
followup duration of 182 weeks, reported the largest number of
adverse events.” This trial contributed about one-third of the
total number of gastrointestinal complaints (in both the omega-
3 fatty acid arm and the control arm) from all the studies
combined, and also contributed almost all the withdrawals due
to adverse events (although the reasons for withdrawals were
not given). This discordance suggests that most other studies
did not adequately report adverse event data, especially
concerning withdrawals.

None of the serious adverse events that were reported
associated omega-3 fatty acid consumption with events such as
death, life-threatening illness, or significant disability or
handicap, although two studies reported that some important
bleeding occurred with fish oil combined with aspirin or
warfarin. %

Discussion

Opverall, a number of studies offer evidence to support the
hypothesis that fish, fish oil, or ALA supplement consumption
reduces all-cause mortality and various CVD outcomes,
although the evidence is strongest for fish or fish oil.

The overall methodological quality of the studies included in
this evidence review was graded as good for fish oil
(EPA+DHA), but RCT data for ALA was poor. The adverse
events due to fish oil or ALA supplement consumption appear
to be minor.

However, there is an imbalance in the design of studies

available. Almost all of the evidence for health benefits of



omega-3 fatty acid in the general population (primary
prevention studies) derives from cohort studies, whereas almost
all the evidence, however limited, for secondary prevention
derives from RCTs. The data for secondary prevention mostly
derives from one very large study, and data on women are
limited. The specific effects on different CVD outcomes
(especially MI and stroke) are uncertain.

In addition, the studies were heterogeneous with regard to
the methods of estimating fish or omega-3 fatty acid intake,
background diets, background risk for heart disease, settings,
and the methods of reporting results. For these reasons, the
validity of applying the results of studies conducted in countries
outside of the United States to the U.S. population is
uncertain. Moreover, dietary intervention trials, such as
DART;* the Lyon Heart," and the Indian Experiment of
Infarct Survival, are limited by multiple and complex dietary
changes in the trials that do not permit easy differentiation
among components and make it difficult to determine which
specific components or combinations of these diets are most
beneficial. Furthermore, the optimal quantity and type of
omega-3 fatty acid, and the optimal ratio of omega-3 to
omega-6 fatty acid, if any, still remain undefined. Finally,
different types of fish and the method of food preparation may
cause different effects.

Therefore, future research needs to address all these
lingering issues. Well-designed multinational trials that assess
the effect of EPA+DHA on CVD outcomes during a long
followup period are especially needed. RCTs should be
performed in the general population since there is still a gap in
information about the general versus CVD population. They
should not only confirm the pharmacological approach of the
GISSI-Prevention trial in countries with different background
habits and risk, but should also explore in parallel the various
mechanistic hypotheses. In addition, studies must adequately
assess background diet and fish consumption, particularly the
type of fish and method of preparation. Attempts should always
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). In addition, the omega-
3/omega-6 ratio should always be estimated and reported.

The potential effect of ALA is unknown. Current data sets
are too limited for adequate assessment. To address this issue, a
cardioprotective diet rich in ALA should be included in a
comprehensive strategy to decrease cardiovascular morbidity
and mortality, and more trials are needed to confirm the effect
of ALA, independent of fish oil and fish intake, on the
secondary prevention of CVD outcomes. The relative effect of
ALA versus fish oil is also unknown and should be explored in
the future studies.

The relative effect of ALA versus fish oil is not well defined.
Comparative trials between these two supplements should be
conducted. Given the abundance of soybean and canola oils

relative to fish in the diet, it would be useful to understand the
economic and ecological impact of increased fish intake and the
potential to initiate changes in the U.S. dietary patterns.

Our evidence review also indicates that there is little data
concerning the needs of different high-risk subpopulations.
Additional research should address questions about the effect of
omega-3 fatty acid on CVD outcomes in specific populations,
including people at high risk of sudden death or with diabetes,

congestive heart failure, or other chronic diseases.

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. The full report is expected to be available in
March 2004. At that time, printed copies may be obrtained free
of charge from the AHRQ Publications Clearinghouse by
calling 800-358-9295. Requesters should ask for Evidence
Report/Technology Assessment No. 94, Effects of Omega-3
Farty Acids on 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. These reports are among several that address topics
related to omega- 3 fatty acids, and that were requested by the Office of Dietary Supplements,
National Institutes of Health, through the EPC Program at the Agency for Healthcare Research
and Quality (AHRQ). Three BPCs — the Tuftss NEMC EPC, the Southern CaliforniasRAND
EPC, and the University of Ottawa EPC — each produced evidence reports. To ensure
consistency of approach, the 3 EPCs collaborated on selected methodological 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 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 reports will aso be used to help define the
agenda for future research.

The focus of this report is on CVD outcomes in humans. The other 2 reports by the Tufts-
NEMC EPC focus on risk factors of cardiovascular disease and on arrhythmic el ectrophysiology
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 acids and 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
(PUFAS) 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 isin the third. The same principle appliesto
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 dl fats found in food, 2 — alpha-linolenic acid (chemical abbreviation: ALA, 18:3 n-3)
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 (LC PUFAS),

Appendixes and Evidence Tables are provided
eectronically at http:www.ahrg.gov/clinic/epcindex.htm 3



which have a higher number of carbon atoms and double bonds. These LC PUFASs retain the
omega type (n-3 or n-6) of the parent essential fatty acids.

ALA and LA comprise the bulk of the total PUFAs consumed in atypical North American
diet. Typically, LA comprises 89% of the total PUFASs consumed, while ALA comprises 9%.
Smaller amounts of other PUFAs make up the remainder *. Both ALA and LA are present in a
variety 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,
ispresent in leafy green vegetables and in some commonly used oils, including canola and
soybean oil. Some novelty oils, 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 special conditions such as pregnancy and
lactation.

Asshown 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 compositionsin both blood
phospholipids and adipose tissue showed similar competitive relationship between omega-3LC
PUFAs and AA. Genera scientific agreement supports an increased consumption of omega-3
fatty acids and reduced intake of omega-6 fatty acids to 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, gram, total energy intake - but also in
quantity 3. Furthermore, there remain numerous questions 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
guestions, 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 LC PUFAS. 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 n6). ALA can be
converted, to alesser extent, to the long-chain omega-3 fatty acids, eicosapentaenoic acid (EPA;
20:5 n-3) and docosahexaenoic acid (DHA; 22:6 n-3). However, the conversion from parent fatty
acids into LC PUFAs occurs slowly in humans, and conversion rates are not well understood.
Because of the slow rate of conversion and the importance of LC PUFAs to many physiological
processes, humans must augment their level of LC PUFAs 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 length of the acyl chain. Both EPA and AA are 20-carbon fatty acids and are
precursors for the formation of prostaglandins, thromboxane, and leukotrienes — hormone-like



agents that are members of alarger family of substances called eicosanoids. Eicosanoids are
localized tissue hormones that seem to be 1 of the fundamental regulatory classes of moleculesin
most higher forms of life. They do not travel in the blood, but are created in the cells to regulate
alarge 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 secre}ions 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, isthe 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 specificaly, 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 LC PUFAS, such as EPA
and DHA, engage in multiple cytoprotective activities that may contribute to antiarrhythmic
mechanisms’. Arrhythmias are thought to be the 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 1R (IL-1R), 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 production
by omega-3 LC PUFAs remains unknown, although suppression of eicosanoid production by
omega- 3 fatty acids may be involved. EPA can aso be converted into the longer chain omega-3
formof docosapentaenoic acid (DPA, 22:5 n-3), 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 b¥ 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 major source of omega-3 fatty acids is dietary intake of fish, fish oil, vegetable oils
(principaly canola and soybean), some nuts including walnuts, and dietary supplements. Two
population-based surveys, the Continuing Food Survey of Intakes by Individuals 1994-98
(CSFII) and the third National Health and Nutrition Examination (NHANES I11) 1988-94
surveys, are the main source of dietary intake datafor the U.S. population. NHANES I11
collected information on the U.S. population aged =2 months. Mexican Americans and non
Hispanic African-Americans, 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 later described
in this report, under “Methods. Method to Assess the Dietary Intake of Omega-3 Fatty Acidsin
the US population” and “Results: Population Intake of Omega-3 Fatty Acids in the United
States’. CSFIl 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 °. 1n 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 CSFII 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), aswell 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 fatt%/ acid, aong with SEMs, as reported in Dietary Reference Intakes by the
Institute of Medicine “.

Table 1.1 Estimates of the meanzstandard error of the mean (SEM) intake of linoleic acid (LA), alpha-
linolenic acid (ALA), eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA) in the US 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 (182 n-6) 14.120.2 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

The distributions 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 |1 dataset.




Table 1.2 Mean, range, and median 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 acidsin some
commonly consumed fish, shellfish, nuts, and edible oils, selected from the USDA website
(accessed November 3, 2003) http://www.nal .usda.gov/fnic/foodcomp (Finfish and Shellfish
1Poroducts, sr16fgl5.pdf; Fats and Qils, sr16fg04.pdf; and Nut and Seed Products, sr16fgl2.pdf)




Table 1.3 The omega-3 fatty acid content, in grams per 100 g food serving, of arepresentative 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 (http://www.nal.usda.gov/fnic/foodcomp) .

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
04
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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Overview of Effect of Omega-3 Fatty Acids
on Cardiovascular Diseases

Since the first cross-cultural epidemiological studies in the 1970s 2, the body of evidence

supporting arole for omega-3 fatty acids in the prevention of CVD risk has continued to
increase. Dyerberg reported that disease patterns for the Greenland Inuit, when compared with
those for the population of Denmark, exhibited a significantly lower rate of death from acute
myocardial infarction (M1) despite only moderate differencesin blood cholesterol levels 2.
Similar results were found among inhabitants of Greenland and Denmark who were followed for
over 25 years 3.

Additiona evidence was found in the Japanese population where it was demonstrated that
higher fish intake was associated with considerably lower rates of MI, other ischemic heart
diseases, and atherosclerosis 1. In addition, studies among the Inuit of Nunavik, Quebec showed
that progressive increases in levels of the omega-3 fatty acids EPA and DHA in plasma
phospholipids reflected dietary intakes of these fatty acids and were beneficially associated with
key risk factors for CVD 3. However, the beneficial effects of omega-3 fatty acids are not
consistently observed in all epidemiological studies. Data from 21 other countries showed no
relation between fish consumption and mortality from coronary heart diseases 1°. Among
countries participating in the Seven Countries Study, 15-year mortality from coronary heart
disease was highest in Finland despite an average fish intake of about 60 grams per day °. Two
other cohort studies carried out in Hawaii and Norway also found no relationship between fish
consumption and CVD 118,

It should be noted, however, that some factors might confound the outcomes of all of these
studies. Such factors include type of study design, the type of fish consumed, estimate of fish
intake, study population, concomitant drugs, demographic features (e.g., sex, age), baseline diet,
subject characteristics (e.g., lipid levels, weight, blood pressure), measurement errors, and
environmenta contaminants.

The effect of omega- 3 fatty acids on risk factors, intermediate markers of CVD and how this
effect relates to clinical outcomes, is addressed in another report Effects of Omega-3 Fatty Acids
on Cardiovascular Disease Risk Factors. The report on risk factors also examines 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), baseline diet,
subject characteristics (e.g., lipid levels, weight, blood pressure) and omega-3 fatty acids relates
to different measures of tissue and plasmafatty acid levels.

This report reviews information from experimental and observational studies that investigate
the effect of dietary or supplemental omega-3 fatty acids on CVD outcomes.

Ultimately, the most important questions relating to omega-3 fatty acids pertain to their effect
on clinical outcomes such as mortality, myocardial infarction, and stroke. These questions are
addressed in this report, which primarily summarizes evidence of human clinical outcomes.
More specificaly, this report answers the question of how dietary or supplemental omega- 3 fatty
acids affect each type of CVD outcomes, including mortality (all cause mortality, CVD death,
cardiac death, sudden death), nonfatal M1, angina incidence, stroke, and others. The report also
draws on the NHANES |11 database to determine the mean intake of omega- 3 fatty acidsin the
US population and various sub-populations, and to determine whether there is a difference in the
mean intake of omega-3 fatty acids between adults with and without cardiovascular disease.
Finally, it investigates adverse events and drug interactions associated with omega-3 fatty acids
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and whether omega- 3 fatty acids can play arole in primary and secondary prevention of CVD
events.

Fish accounts for alarge part of omega- 3 fatty acid consumption in the US and around the
world. Due to the effect of environmental pollution, various types of contaminants such as
methylmercury, PCBs (Polychlorinated Biphenyls), dioxins, chlordane and DDT (Dichloro-
diphenyl-trichloroethane) have been reported in fish caught in lakes, rivers, estuaries, and
oceans. Although methylmercury occurs naturally in nature and trace amounts are found in al
fish and this amount is believed to have no harmful effects on human consumption, very high
levels of methylmercury that may have serious health implications have been reported in certain
types of fish. The Food and Drug Administration (FDA), Environmental Protection Agency
(EPA), and state government agencies have issued consumer advisories cautioning women who
are pregnant and women of childbearing age who may become pregnant about the risks of
mercury in fish. The FDA cautions young children and women of childbearing age to avoid four
types of fish— tilefish, swordfish, shark, and king mackerel — and to limit consumption of al
other fish to 12 ounces per week. Although the major toxic effect of concern for methylmercury
is neurotoxicity in the unborn or young child, concerns have also been raised about its
association with coronary heart disease in adults 1%%°.

Although issues with methylmercury and other contaminants, and potential risks from
carcinogens as a result of food preparation methods, are important to decision making about the
benefits and risks of fish consumption, they are beyond the scope of this report. Readers are
advised to learn more about these issues at the FDA and EPA websites
(http://vm.cfsan.fda.gov/~dms/admehg.html,
http://www.fda.qgov/fdac/reprints/mercury.html, http://www.epa.gov/ost/fish/,
http://www.epa.gov/mercury/fish.htm), and to read an EPA funded report on balancing the risk
and benefits of fish consumption (http://www.tera.org/pubs/cdrpage.htm)).
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Chapter 2. Methods

Overview

This evidence report on omega-3 fatty acids and cardiovascular disease (CVD) outcomesis
based on a systematic review of the literature. To identify the specific issues central to this
report, the Tufts New England Medical Center (NEMC) Evidence-based Practice Center (EPC)
held meetings and teleconferences with aTechnical Expert Panel (TEP). A comprehensive
search of the medical literature was conducted to identify studies addressing key questions.
Evidence tables of study characteristics and results were compiled, and the methodol ogical
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.

Severa individuals and groups collaborated with the Tuftss NEMC EPC in preparing this
report. The TEP served as our science partner. The EPC engaged technical experts and
representatives from the Agency for Healthcare Research and Quality (AHRQ) and the National
Heart, Lung, and Blood Institute (NHLBI) to help refine key questions, identify important issues,
and define parameters to the report. The Tuftss NEMC EPC also worked in conjunction with the
EPCs at the University of Ottawa (UO) and Southern California-RAND (SC-RAND). Together,
the 3 EPCs will 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, whenever feasible. In addition, the primary literature searches for al evidence
reports were performed by the UO EPC, using identical search terms for studies of omega-3 fatty
acids. However, each EPC developed its own eligibility criteria to identify relevant studies as
appropriate for its topic.

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 Populati ons of interest, the exposures, modifying factors, and outcomes
of interest (Figure 2.1) 2*. The framework graphically presents the key components of well-
formulated 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?

3) What are the outcomes of interest (intermediate and health outcomes)?

Appendixes and Evidence Tables are provided electronically
at http:www.ahrg.gov/clinic/epcindex.htm
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4) What study designs are of value?

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

Figure 2.1 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).

Target Populations

Healthy Adults Adults with elevated risk for CVvD  Adults with known CVD
Diabetes, Hypertension, Hyperlipidemia

1

Omega-3 Fatty Acid Consumption
Source, Dosage, Duration

Adverse
Events

Tissue / Plasma Levels

Modifiers
Drug Interactions
Other

Plasma Phospholipid FAs RBC Phospholipid FAs

Platelet Phospholipid FAs ~ WBC ghost Phosphlipid FAs
Others

Intermediate Outcomes / Biological Effects
Cholesterol Blood Pressure Carotid Intima Media Thickness
Lipoprotein (a) Diabetes Markers Coronary Arteriography Markersj|
C Reactive Protein Heart Rate Variability — Others
Fibrinogen
7
A 4
- . \
Clinical Outcomes
Death . .
Myocardial Infarction \é«terr:tncular Arrhythmia
Stroke ers
Unstable Angina

This report and the accompanying report, Effects of Omega-3 Fatty Acids on Cardiovascular
Risk Factors and Intermediate Markers of Cardiovascular Disease, review the evidence
addressing the associations or effects of omega-3 fatty acids in humans. Specifically, this 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. The accompanying report examines evidence
addressing both the association in humans between omega- 3 fatty acids and cardiovascular
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intermediate outcomes or risk factors and the association between omega- 3 fatty acids and tissue
or plasma levels of omega-3 fatty acids.

In both reports, the 3 specific populations of interest are: (1) healthy adults with no known
CVD or risk factors; (2) adults at increased risk of CVD due specifically to diabetes,
hypertension, or hyperlipidemia; and (3) 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 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 treatment.

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).
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 observational studies when data are relatively sparse.

Key Questions Addressed in this Report

The purpose of this evidence report is to summarize information from studies that address
specific key questions. One genera question concerns the intake of omega-3 fatty acids in the
US population, and 3 additional questions address the relationship between omega-3 fatty acids
and CVD. CVD question 1 pertains to the clinical effects of omega-3 fatty acids on clinical CVD
outcomes; CVD question 2 evaluates the relative effects of the numerous sour ces, compositions,
dosages, and uses of omega-3 fatty acids and related factors; and CVD question 3 pertains
primarily to the association between omega-3 fatty acids and adverse events and drug
interactions. The key questions and their related sub-questiors are outlined in detail below.

General Question

What are the mean and median intakes of elcosapentaenoic acid (EPA, 20:5 n-3),
docosahexaenoic acid (DHA, 22:6 n-3), alpha linolenic acid (ALA, 18:3 n-3), fish, fish oil, and
omega-6 fatty acids, and what is the mean and median omega-6 to omega-3 fatty acid ratio, in
the US population?

Do consumption levels differ among subpopul ations?
CVD Questions

What is the efficacy or association of omega-3 fatty acids (DHA, EPA or ALA supplements, and
fish consumption) in reducing CVD events (including all -cause mortality, CVD mortality, non-
fatal CVD events, and new diagnosis of CVD)?
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What is the efficacy or association of omega-3 fatty acids in preventing incident CVD
outcomes in people without known CVD (primary prevention) and with known CVD
(secondary prevention)?

How does the efficacy or association of omega-3 fatty acidsin preventing incident CVD
outcomes differ in sub-populations, including men, pre-menopausal women, post-
menopausal women, and different age groups?

What are the effects of potential confounders — such as lipid levels, body mass index
(BMI), blood pressure, diabetes, aspirin use, hormone replacement therapy, and
cardiovascular drugs — on associations found in prospective cohort studies?

What is the relative efficacy of omega-3 fatty acids on different CVD outcomes? Can the
CVD outcomes be ordered by strength of treatment effect of omega-3 fatty acids?

Omega-3 fatty acid variables and modifiers:

What is the efficacy or association of specific omega-3 fatty acids (DHA, EPA, ALA),
and different ratios of omega-3 fatty acid components in dietary supplements, on
CVD outcomes?

Does theratio of omega-6 to omega-3 fatty acid intake affect the efficacy or
association of omega-3 fatty acid intake on CVD outcomes?

How does the efficacy or association of omega-3 fatty acids on CVD outcomes differ
by source (e.g., dietary fish, dietary oils, dietary plants, fish oil supplement, flax seed
supplement)?

How does the efficacy or association of omega-3 fatty acids on CVD outcomes differ
by different ratios of DHA, EPA, and ALA?

Isthere a threshold or doseresponse relationship between omega-3 fatty acids and
CVD outcomes?

How does the duration of intervention or exposure affect the treatment effect of
omega-3 fatty acids on CVD outcomes?

Are treatment effects or the association of omega-3 fatty acids on CVD events
sustained after the intervention or exposure stops?

What is the effect or association of baseline dietary intake of omega-3 fatty acids on
the efficacy of omega-3 fatty acid supplements on CVD outcomes?

Does the use of medications for CVD and/or CVD risk factors (including lipid

lowering agents and diabetes medications) affect the efficacy or association of
omega-3 fatty acids?
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Adver se events and drug interactions:

What adver se events related to omega-3 fatty acid dietary supplements are reported
in studies of CVD outcomes and markers?

What adver se events related to omega-3 fatty acid dietary supplements are reported
specifically among diabetics and people with CVD in studies of CVD outcomes and
markers?

What interactions between omega-3 fatty acid dietary supplements and medications
are reported in studies of CVD outcomes and markers?

What interactions between omega-3 fatty acid dietary supplements and medications
are reported specifically among diabetics and people with CVD in studies of CVD
outcomes and markers?

Method to Assess the Dietary Intake of Omega-3 Fatty Acids
in the US population

Two major sources of dietary intake data in the US population are the Continuing Survey of
Food Intakes by Individuals (CSFII) conducted by the US Department of Agriculture (USDA)
and the National Health and Nutrition Examination Survey (NHANES) conducted by the
National Center for Health Statistics (NCHS). The USDA’s most recent survey, the 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 [P.L.] 101-445)
for continuous nonitoring of the dietary status of the American population 22, In CSFIl 1994-96,
improved data collection methods (i.e., the multiple-pass approach for the 24-hour recall) were
used. Given the normal, large day-to-day variation in dietary intake, multiple 24-hour recals are
considered to be best suited for most nutrition monitoring ° and produce stable estimates of mean
nutrient intakes from groups of individuals.

The NHANES is designed to collect periodic information on the dietary, nutritional, and
health status of the civilian, nortinstitutional US population. Since 1970, 3 NHANES have been
completed: NHANES 1, 1971-74; NHANES [1, 1976-80; and NHANES 111, 1988-94. NHANES
isunique in that it combines a home interview with health tests that are done in a Mobile
Examination Center (MEC). The Third National Health and Nutrition Examination Survey
(NHANES 111, 1988-94) was conducted at 89 locations in the US. Data obtained through the
survey include dietary intake (one 24-hour recall and food frequency questionnaire),
socioeconomic and demographic information, biochemical analyses of blood and urine, physical
health behaviors, and health conditions. Although multiple 24-hour recalls are considered the
“gold standard” for nutrition monitoring (e.g., the dietary assessment method used in CSFII,
1994-96), single 24-hour recalls will also produce reasonably accurate estimates of mean nutrient
intakes if the sample size is large?®. By combining dietary data from NHANES 111 with its unique
MEC health test results, we were able to analyze the mean intake of omega-3 fatty acids among
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people with and without cardiovascular diseases, an analysis that could not be performed if we
used CSFII data.

The 3" National Health and Nutrition Survey (NHANES Ill) Database

The NHANES 111, 1988-94 database was used to examine the population intake of omega-3
fatty acids in the US (General Question). NHANES |11 was designed to collect information on
the US population aged = 2 months. Mexican Americans and nortHispanic African Americans,
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.

Definitions of Key Variables

The population means and standard errors of the mean (SEM) of total polyunsaturated fatty
acids (PUFAS), ALA, EPA, and DHA by sex, age, and/or income levels have been presented in a
report by the National Center for Health Statistics 2. However, the sub-population grouping
system is different from the system that is used in Institute of Medicine (IOM) reports. In order
to provide the most parsimonious interpretation of I0M reports and this evidence report, we have
decided to adopt the approach used in Dietary References Intakes (DRIs) published by the IOM
2, The main variables in this evidence report are defined as follows:

Age groups: Subjects’ age in months was used to form ten age groups. 2-6 months, 7-12
months, 1-3 years, 4-8 years, 9-13 years, 14-18 years, 19-30 years, 31-50 years, 51-70 years,
and 71+ years. Age in months was calculated by computing the number of months between
the screener questionnaire date and each subject’s date of birth. Two additional age groups
were created for the adult sub-population: less than 45 years old, and 45 years old and older.

Race/ethnicity groups: Four ethnicity groups were used in this report: non-Hispanic white,
non-Hispanic black, Mexican American, and others. The groups were defined by the race or
ethnicity reported by respondents. Respondents were asked to identify themselves as: black;
Mexican or Mexican American; white, nortHispanic; Asian or Pacific ISlander; Aleut,
Eskimo, or American Indian; or other Latin American or other Spanish.

Poverty: Two poverty income ratio (PIR) groups were created for use in analyses. PIR = 1.3
and poverty income ratio > 1.3. The numerator of the ratio was the midpoint of the
respondent’ s family income category. The denominator was based on the poverty threshold,
the respondent’ s age, and the calendar year of the interview.

Urbanization: Metropolitan or non metropolitan areas were based on the USDA’ s rural-
urban codes that categorize counties by degree of urbanization and nearness to a metropolitan
area.

People with a history of CVD: Respondents defined in this report as having a history of
CVD were those who responded “yes’ to one of the following interview questions. (1) Has a
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doctor ever told you that you had congestive heart failure? (2) Has a doctor ever told you that
you had a stroke? (3) Has a doctor ever told you that you had a heart attack? Respondents
whose el ectrocardiography results showed a probable or possible myocardial infarction (M1),
or probable or possible left-ventricular hypertrophy (LVH), by the Minnesota Code
(Appendix E) were also defined as having CVD.

Polyunsaturated fatty acids: ALA, EPA, DHA, docosapentaenoic acid (DPA, 22:5 n-3),

and linoleic acid (LA, 18:2 n-6) data, estimated from a single 24-hour dietary recall, were
used.

Analyses of NHANES Il Data

The data were analyzed using SAS-callable SUDAAN, version 7.5.6 (Research Triangle
Institute, Research Triangle Park, NC), which is a statistical analytic software program that
adjusts for the complex NHANES 111 sample design. All analyses incorporated sampling weights
that adjusted for unequal sampling probabilities. Variance estimations were made with the WR
method (sampling With Replacement). Each denominator has 49 degrees of freedom. The design
effect (deff4) was defined as the ratio of the properly computed actual variance of an estimated
parameter to the variance based on a simple random sample of the same size.

We used simple linear regression to test the significance of the differencesin daily intake of
PUFA s between groups. The adjusted means for categorical covariates in the regression nodel
were calculated with the least squares method. Statistical significance of the correlation between
the dependent variables (e.g., intake of ALA) and independent variables (e.g., sex groups, age
groups, CVD groups) were calculated with the Wald chi-square statistics. The details of these
statistical methods are described in the SUDAAN user’ s manual. Since the amount of dietary
PUFAs may be associated with the amount of dietary total fat, results expressed as grams per day
can be misleading. Thus, al PUFAs used in the tests of significant differences between groups
were measured as percent of total energy intake per day (% kcal/day).

All analyses assume a normal distribution of the nutrient intake. However, data related to
EPA and DHA are very skewed. As aresult, the mean and SEM estimates for these nutrients
should be used and interpreted with caution. The reliability of an estimated mean or median also
depends on the coefficient of variation or relative standard error (RSE), defined as the ratio
between the standard error of the estimate and the estimate, multiplied by 100. Estimates with an
RSE greater than 20 percent are deemed unreliable in this report.

Literature Search Strategy

A comprehensive literature search was conducted to address the 3 key questions related to
CVD. Relevant studies were identified primarily through search strategies conducted in
collaboration with the UO EPC. The Tufts NEMC EPC, using the Ovid search engine, conducted
preliminary searches on the Medline database. The final searches used six 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
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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 abou