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Effect of Omega-3 Dosage on Cardiovascular
Outcomes: An Updated Meta-Analysis and
Meta-Regression of Interventional Trials
Aldo A. Bernasconi, PhD; Michelle M. Wiest, PhD; Carl J. Lavie, MD;
Richard V. Milani, MD; and Jari A. Laukkanen, MD, PhD
Abstract
Objectives: To quantify the effect of eicosapentaenoic (EPA) and docosahexaenoic (DHA) acids on
cardiovascular disease (CVD) prevention and the effect of dosage.
Methods: This study is designed as a random effects meta-analysis and meta-regression of randomized control trials with EPA/DHA supplementation. This is an update and expanded analysis of
a previously published meta-analysis which covers all randomized control trials with EPA/DHA
interventions and cardiovascular outcomes published before August 2019. The outcomes included
are myocardial infarction (MI), coronary heart disease (CHD) events, CVD events (a composite of
MI, angina, stroke, heart failure, peripheral arterial disease, sudden death, and non-scheduled
cardiovascular surgical interventions), CHD mortality and fatal MI. The strength of evidence was
assessed using the Grading of Recommendations Assessment, Development, and Evaluation
framework.
Results: A total of 40 studies with a combined 135,267 participants were included. Supplementation
was associated with reduced risk of MI (relative risk [RR], 0.87; 95% CI, 0.80 to 0.96), high certainty
number needed to treat (NNT) of 272; CHD events (RR, 0.90; 95% CI, 0.84 to 0.97), high certainty
NNT of 192; fatal MI (RR, 0.65; 95% CI, 0.46 to 0.91]), moderate certainty NNT ¼ 128; and CHD
mortality (RR, 0.91; 95% CI, 0.85 to 0.98), low certainty NNT ¼ 431, but not CVD events (RR, 0.95;
95% CI, 0.90 to 1.00). The effect is dose dependent for CVD events and MI.
Conclusion: Cardiovascular disease remains the leading cause of death worldwide. Supplementation
with EPA and DHA is an effective lifestyle strategy for CVD prevention, and the protective effect
probably increases with dosage.
ª 2020 Mayo Foundation for Medical Education and Research. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/) n Mayo Clin Proc. 2020;nn(n):1-10

D

espite signiﬁcant advances in the
prevention and treatment of cardiovascular diseases (CVDs), they
remain the leading cause of mortality in the
United States and most of the world. According
to the Centers for Disease Control and
Prevention, diseases of the heart accounted
for 23.1% and cerebrovascular diseases for
5.2% of all deaths in the United States in 2017.1
Eicosapentaenoic (EPA) and docosahexaenoic (DHA) acids, the two main omega-3
long-chain polyunsaturated fatty acids of
marine origin, have shown promise for the
prevention of CVD outcomes in animal

studies and epidemiologic studies as previously reviewed in detail.2 However, randomized control trials (RCTs) have found
inconsistent results.2,3 Whether a study ﬁnds
a signiﬁcant protective effect is not purely a
function of study size or quality. Three large
studies4-6 whose primary outcome was the
occurrence of CVD events were published
in 2018, and they reached diverging conclusions. A Study of Cardiovascular Events in
Diabetes (ASCEND)4 (n¼15,480), a study
on primary prevention in diabetics, found
no reduction in CVD risk. Vitamin D and
Omega-3 Trial (VITAL)5 (n¼25,871), the
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ﬁrst primary prevention study on healthy
adults, found a non-statistically signiﬁcant
7% reduction in the risk of CVD events, and
an unexpectedly high 28% reduction in the
risk of myocardial infarction (MI), a prespeciﬁed secondary outcome. Finally, Reduction of Cardiovascular Events with Icosapent
Ethyl-Intervention Trial (REDUCE-IT)6
(n¼8179), a trial that studied the effect of
Vascepa (icosapent ethyl), a highly concentrated ethyl ester form of EPA on patients
with mostly borderline and mildly high triglycerides who were taking statins, found a
statistically signiﬁcant 25% reduction in the
risk of the primary endpoint, as well as risk reductions of similar magnitudes in multiple
secondary endpoints.
The results of meta-analyses are equally
inconsistent. Three recent analyses of the effect
of EPA and DHA on multiple CVD outcomes
reached entirely different conclusions. For
example, for coronary heart disease (CHD)
mortality, Abdelhamid et al7 ﬁnds low certainty of a possible protective effect; Rizos
et al8 ﬁnds a protective effect when using the
usual P value cutoff of .05, but dismisses it as
uncertain after using a very conservative multiple hypothesis correction; and Maki et al9
ﬁnds a statistically signiﬁcant 8.0% risk reduction. The limitations of these analyses form the
basis and rationale for our more extensive evaluation of the evidence.
The reasons for this variability among the
results of RCTs are not well understood, and
although a number of possible explanations
have been proposed, there is a dearth of data
to support them. The explanations proposed
range from differences in results depending
on the year of publication (earlier trials, presumably being more likely to ﬁnd positive
results),5,7,10,11 the natural variability to be expected in insufﬁciently powered trials, potential
interference in the omega-3 mechanisms of action by modern CVD prevention and treatment
(especially use of statins and statin doses), differences in omega-3 baseline status and treatment compliance, baseline risk and dosage
(11), and whether the study intervention
included EPA alone or both EPA and DHA.6
A recent meta-analysis12 used metaregression to study the effect of dosage on
2
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CVD outcomes and suggested signiﬁcant
protective effects of omega-3 against CVD
events, but they restricted the analysis to
only the 13 largest RCTs to date. Previous
meta-analyses have compared the effect of
dosages greater than or less than 1000 mg/
day,7,9 but reducing the existing dosage information in this manner using what is an
arbitrary cutoff is not an efﬁcient use of
existing information, and does not allow
for a proper quantiﬁcation of the doseeffect relationship. In 2006, Mozaffarian
and Rimm13 observed that for multiple
CVD outcomes, a higher dosage was associated with increased protection, and quantiﬁed this effect, but their estimates were
based on an unweighted combination of
interventional and observational studies,
and inclusion of the latter may have introduced confounders and biased the results.
The current analysis builds on the work
of Abdelhamid et al7 but differs in the choice
of what trials to include, focusing only on
studies for which the intervention is EPA/
DHA supplementation, and not dietary
advice. This addresses more directly the
question of what the effect is of long-chain
omega-3 supplementation on CVD outcomes. Trials on dietary advice are important
for designing efﬁcient public health recommendations, but their results are confounded
by problems in compliance and by the differences in EPA/DHA content of common
foods. Unlike previous research,12 our
work uses the totality of available evidence
in measuring the effect of dosage. The larger
study number and wider range of dosages allows for more precise and more robust estimates of the dose-effect relationship.
Finally, the current study is the ﬁrst to use
meta-regression to examine other often cited
potential sources of heterogeneity in the results from existing research.
Given the prevalence of CVD, and their
human and ﬁnancial costs, it is important to
determine which lifestyle modiﬁcations (and
under what conditions) may provide some
protection against these various CVD conditions. The use of ﬁsh oils and other products
containing long-chain omega-3 fatty acids is
a popular patient strategy to reduce CVD
XXX 2020;nn(n):1-10
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risk, and a nuanced understanding of why
some clinical trials yield positive results and
others fail to do so is a fundamental step in
the correct evaluation of the risks and beneﬁts
of this supplementation to adequately inform
both clinicians and the public about the potential beneﬁts or lack of efﬁcacy.
The current review focuses on determining whether supplementation with EPA
and DHA results in reduced CVD risk, and
in quantifying the relationship between
dosage and other predictors and the risk of
CVD outcomes.

http://www.mayoclinicproceedings.org) using the criteria in the Cochrane Handbook for
Systematic Reviews of Interventions14, and for
each individual study the assessment was
based on the decisions in Abdelhamid et al.7
The overall strength of evidence was
assessed for each outcome according to the
guidelines developed by the Grading of Recommendations Assessment, Development,
and Evaluation (GRADE) working group15
(Supplementary Tables 2 and 3, available online at http://www.mayoclinicproceedings.
org).

METHODS

Statistical Analysis
For all outcomes, pooled relative risks (RRs)
were calculated with a DerSimonian-Laird
random effects model using the R statistical
framework, version 3.5.2,16 and the meta
package, v4.9-5.17 Results are summarized
by means of the pooled RR estimate (and
95% CI interval) and number needed to treat
(NNT), and the heterogeneity measured by
means of the I2 statistic. Asymmetry of the
funnel plot, which would indicate the possibility of publication bias, is evaluated using
the weighted linear regression method of
Egger et al.18
For each outcome, the log-RR modeled
as a linear function for which the y-axis
intercept and slope(s) are reported, along
with their P value testing the hypothesis
that they are different than zero.
Each outcome is modeled as a function
of: the EPAþDHA dosage, the year of publication, and the risk in the control group,
which is used as a proxy for the baseline
population risk in the absence of the intervention. Each model was ﬁtted both before
and after controlling for the effect of dosage.

Study Inclusion
A recent comprehensive meta-analysis by
Abdelhamid et al7 identiﬁed and extracted
data published before August 2019 for all
RCTs that reported CVD outcomes. The current study relies on the event count extracted
as part of that meta-analysis and expands on
its analysis. This review focuses on the
following outcomes: CVD events (deﬁned as
a composite outcome including MI, angina,
stroke, heart failure, peripheral arterial disease, sudden death, and non-scheduled cardiovascular surgical interventions), MI, and
CHD events. Because considerable attention
has focused on the effect of EPA and DHA
on the risk of CVD mortality, we also examined fatal MI and CHD mortality. Characteristics of included studies are reported on
Supplementary Table 1 (available online at
http://www.mayoclinicproceedings.org).
We restricted the review to only RCTs
where the intervention consisted exclusively
of dietary supplementation, and not dietary
advice. The exclusion of dietary advice trials
(four studies, n¼5639) is the only difference
between our inclusion criteria and those of
Abdelhamid et al.7 Different foods contain
widely varying amounts of EPA and DHA
per serving, and this makes estimating the
average within-study long-chain omega-3
intake particularly problematic.
Risk of Bias and Strength of Evidence
The risk of bias for each study is reported in
Supplementary Figure 1 (available online at
Mayo Clin Proc. n XXX 2020;nn(n):1-10
www.mayoclinicproceedings.org
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RESULTS
Characteristics of Included Studies
The dosage of supplementary EPAþDHA in
the treated groups of the 40 included studies
varied from 400 mg/day to 5500 mg/day. Of
the included studies, 5 (combined n¼8036)
were conducted with dosages lower than
800 mg/day, 10 (n¼94,936) with dosages
between 800 and 1200 mg/day, and 25
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TABLE 1. Statistics From Random Effect Meta-Analysis of Each Studied Outcomea
Outcome

Pooled RR (95% CI)

CVD events

39 (n¼134,843)

0.95 (0.90-1.00)

41% moderate

.36

MI

24 (n¼130,487)

0.87 (0.80-0.96)

28% low

.35

CHD events

28 (n¼131,306)

0.90 (0.84-0.97)

40% moderate

.15

Fatal MI

14 (n¼78,981)

0.65 (0.46-0.91)

29% low

.42

CHD mortality

22 (n¼122,231)

0.91 (0.85-0.98)

2% low

.03

a

Funnel plot asymmetry (P value)

CHD ¼ coronary heart disease; CVD ¼ cardiovascular disease; MI ¼ myocardial infarction; RR ¼ relative risk.

(n¼32,295) with higher dosages. The
(weighted) average dosage received was
1221 mg/day of EPAþDHA.
Pooled Results From Meta-Analysis
For all outcomes, except CVD events, supplementation with EPAþDHA results in a
statistically signiﬁcant risk reduction. Statistics summarizing the results of these
random-effects meta-analyses are presented
in Table 1 and Figure 1.
Supplementation was not associated with
a statistically signiﬁcant reduction in the risk
of CVD events (RR, 0.95; 95% CI, 0.90 to
1.00), in line with Abdelhamid et al.7 It was
associated with statistically signiﬁcant reductions in the risk of MI (RR, 0.87; 95% CI, 0.80
to 0.96), high GRADE certainty,15 NNT of
272; CHD events (RR, 0.90; 95% CI, 0.84 to
0.97), high certainty NNT of 192; fatal MI
(RR, 0.65; 95% CI, 0.46 to 0.91), moderate
certainty NNT of 128 and CHD mortality

CVD events: ארועים לביים
39 studies (n=134843)
Myocardial infarction (MI): שבץ לב
24 studies (n=130487)
CHD events:
מחל לב כלילית
28 studies (n=131306)
Fatal MI:
תמותה משבץ
14 studies (n=78981)
CHD mortality: תמותה ממחלת לב כלילית
22 studies (n=122231)
0.5

סיכון מופחת
0.8

סיכון מוגבר
1.0

1.2

FIGURE 1. Pooled results from meta-analysis. The ﬁgure shows the pooled
estimate of relative risk (RR) and 95% CI, as well as the number of studies
and combined number of participants. CHD ¼ coronary heart disease;
CVD¼ cardiovascular disease; MI ¼ myocardial infarction.
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(RR, 0.91; 95% CI, 0.85 to 0.98), and low certainty NNT of 431. Heterogeneity was moderate14 for CVD events (I2 ¼ 41%) and CHD
events (I2 ¼ 40%), and low for all other outcomes. Funnel and forest plots for all outcomes are included in Supplementary
Figures 2 through 11 (available online at
http://www.mayoclinicproceedings.org).
We performed leave-one-out sensitivity
analysis and found that the removal of
some studies would change the statistical
signiﬁcance of our ﬁndings for CVD events,
fatal MI, and CHD death, but not for MI or
CHD events. For rare outcomes whose
occurrence rate in the control group was under 5% (MI, fatal MI and CHD death), we
performed sensitivity analysis using Peto’s
odd ratios and found that it made no difference in the statistical signiﬁcance of the
results.
The results of our meta-analyses differ
from those of previous reviews, likely
because differences in inclusion criteria can
have a dramatic impact. Abdelhamid et al,7
for example, includes trials whose intervention consists of dietary advice rather than
EPAþDHA supplementation, but dietary
advice often consists of multiple recommendations (not only to eat more ﬁsh), and it is
difﬁcult to estimate dosage and monitor
compliance.
There was evidence of asymmetry of the
funnel plot (see Table 1) only for CHD mortality. Such asymmetry is frequently an indication of publication bias, and previous
meta-analyses on the effect of long-chain
omega-3s have used visual inspection to
conclude that publication bias exists. A
more reliable method, such as the weighted
linear regression method from Egger et al18
XXX 2020;nn(n):1-10
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used in our analysis, ﬁnds no evidence of it
for four of ﬁve outcomes.

outcomes, the pooled RR estimates from
our meta-analysis showed a statistically signiﬁcant risk reduction, raising the possibility
of a nonlinear dose-response curve.
Similar models failed to ﬁnd a relationship between the year of publication and
the log-RR. These ﬁndings are maintained
after correcting for the effect of dosage
(Supplementary Table 4, available online at
http://www.mayoclinicproceedings.org). For
the relationship between baseline risk and
effect, a statistically signiﬁcant (P<.05)
result was found for MI (Supplementary
Table 5, available online at http://www.
mayoclinicproceedings.org) only after correcting for the effect of dosage. The estimated slope is positive, suggesting that, for
equal dosages, EPAþDHA supplementation
is more effective for MI prevention in lower
risk populations, as shown in the results of
the VITAL trial (5). For fatal MI, a statistically signiﬁcant ﬁnding of a negative slope
was found, both before and after correcting
for the effect of dosage, indicating that it is
possible that EPA/DHA are more effective
in preventing this outcome in higher-risk
populations. More research is necessary to
conﬁrm these ﬁndings.

Meta-Regression
The results of a meta-regression modeling
the log-RR for each outcome as a function
of EPAþDHA dosage are summarized in
Table 2. Figure 2 shows the dose-effect relationship between EPAþDHA supplementation and the incidence of CVD events.
Similar plots for the remaining outcomes
are available in Supplemental Figures 12
through 16 (available online at http://www.
mayoclinicproceedings.org).
For CVD events and MI, the slope is
negative
and
signiﬁcantly
non-zero
(P<.01), indicating that higher dosages
(within the range of dosages used in the
included studies) are associated with
increased protection. The estimated slope
for CVD events, describing the log-RR as a
function of EPAþDHA dosage, was -6.0e02 (-1.0e-01; -1.6e-02; P<.01). These estimates for the slope translate to a risk reduction of 5.8% (1.6%; -9.9%) for each
additional 1 g/day of intake. For MI, the
slope estimate was -9.4e-02 (-1.5e-01;
-3.9e-02; P<.001), corresponding to a risk
reduction of 9.0% (3.8% to 13.9%). We performed sensitivity analysis, and the removal
of any one included study does not affect
the slope sign or statistical signiﬁcance.
For MI, fatal MI, and CHD mortality, we
did not ﬁnd a linear relationship. For these

היתה ירידה משמעותית בסיכון למוות
משבץ לב והירידה בסיכון היהת
משמעותית יותר עבור אנשים בסיכון
 מה שמצביע על כך.גבוה להתקף לב
 יעיל במיוחד במניעת3 שתיסוף אומגה
תמותה באוכלוסיות בסיכון גבוה

EPA Compared with EPAþDHA
One important question is whether EPA,
DHA, or some combination of both is more
effective in preventing CVD outcomes. For
each outcome we modeled the log-RR as a

TABLE 2. Meta-Regression Coefﬁcients for Log-RR as a Linear Model With EPAþDHA Dosage as Predictora,b
Slopec,d

Outcome
CVD events

Intercept

-6.0e-02 (-1.0e-01 to -1.6e-02)e
f

Equivalent risk change per 1 g/day

2.4e-02 (-4.3e-02 to 9.0e-02)

-5.8% (-9.9% to -1.6%)

MI

-9.4e-02 (-1.5e-01 to -3.9e-02)

3.7e-03 (-9.8e-02 to 1.0e-01)

-9.0% (-13.9% to -3.8%)

CHD events

-5.5e-02 (-1.2e-01 to 6.4e-03)

-2.4e-02 (-1.3e-01 to 8.0e-02)

N/A

Fatal MI

3.8e-01 (-3.1e-03 to 7.6e-01)

-8.6e-01 (-1.3eþ00 to -4.2e-01)f

N/A

CHD mortality

2.2e-02 (-2.0e-01 to 2.4e-01)

-1.2e-01 [-3.3e-01, 9.5e-02]

N/A

CHD ¼ coronary heart disease; CVD ¼ cardiovascular disease; DHA ¼ docosahexaenoic acid; EPA ¼ eicosapentaenoic acid; MI ¼ myocardial infarction; N/A ¼ not
applicable; RR ¼ relative risk.
b
Log-RR modeled as a function of daily EPAþDHA dosage, in g/day.
c
For outcomes for which the slope is signiﬁcantly non-zero, the change in risk for that outcome associated with each additional 1 g/day of EPAþDHA is reported.
d
Estimates and 95% CIs are reported for slope and intercept.
e
P<.01.
f
P<.001.
a
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2
1
0
–1
–2
0

1

2
3
4
Dosage (g/day)

5

6

FIGURE 2. Dose-effect relationship for the
prevention of CVD events. The horizontal axis
shows the eicosapentaenoic acid þ docosahexaenoic acid dosage in grams per day. The
vertical axis shows the treatment effect
(log-relative risk). The area of each study square
is proportional to its regression weight (inversevariance of relative risk estimate).

התועלת תלוית מינון
)עבור מחלת לב כלילית )טרשת עורקי הלב
 בסיכון9% יש הורדה של
9%  עבור התקף לב \ שבץ יש ירידה שלlinear function of dosage and an interaction
יום תיסוף/בסיכון עבור כל גרם
 עבור כל האורעים הלבביים יש רידיה שלterm between the dosage and a Boolean var גרם ביום1  ביסכון עבור כל5.8% iable, indicating whether the intervention
EPA+DHA consisted a combination of EPA and DHA

versus uniquely of EPA. The interaction
term, which measures whether the slope
of the dose-response lines for trials with
EPA is different from the slope for all
other trials, was not signiﬁcantly different
from zero for any of the outcomes. We
are unable to conclude that EPA alone is
a more effective agent for CVD prevention
than EPAþDHA,6 at least for the outcomes
covered in this review, from the currently
available evidence.

DISCUSSION
The use of EPAþDHA was found to significantly reduce the risk of all outcomes
considered in this study, with the exception
of CVD events. For CVD and MI, the protective effect increased signiﬁcantly with
dosage. The combined results of our metaanalysis and meta-regressions provide
strong evidence of the effectiveness of
EPAþDHA intake in the prevention of
adverse CVD outcomes, particularly CHD
events and MI.
6
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Protective Effects and Their Relationship
With Dosage
Supplementation was associated with a
small, although nonsigniﬁcant, reduction in
the risk of CVD events (RR, 0.95; 95% CI,
0.90 to 1.00). The heterogeneity for this
outcome is moderate (41%), indicating that
a substantial percentage of the variance in
this meta-analysis is due to between-study
differences.19 Meta-regression analysis ﬁnds
that this heterogeneity is partially due to differences in dosage d increasing intake by 1
g/day is signiﬁcantly associated (P<.01) with
a reduction of 5.8% in the risk of CVD
events. The low residual heterogeneity
(23%) is likely due to factors such as differences in study design (including the baseline
characteristics of the studied populations),
as well as inconsistencies in the deﬁnitions
used across studies for what constitutes a
CVD event.
Use of EPA and DHA was also associated
with a statistically signiﬁcant (P<.001)
lower risk of CHD events and MI with equivalent risk reductions of 9% (95% CI, -16% or
-3%) and 13% (-20%; -4%), respectively. In
the case of MI, this risk reduction is dosedependent, and each additional 1 g/day is
associated with a signiﬁcant risk reduction
of 9.0%. These ﬁndings indicate that longchain marine omega-3s are an effective strategy for the prevention of CHD events, and
especially protective against MI.
One recent study, VITAL (5), the ﬁrst
large-scale RCT aimed at studying the role
of EPAþDHA supplementation in primary
CVD prevention, found a nonsigniﬁcant 8%
risk reduction in the risk of major adverse
CVD events (a composite endpoint
combining stroke, MI, and death from CVD
causes), its primary outcome. The relatively
low dose used (840 mg/day) was associated
with a signiﬁcant 28% reduction in the risk
of MI, a secondary outcome. The implications
of this ﬁnding, however, have generated some
controversy. Results from secondary outcomes need to be interpreted with caution20
because too many outcomes increase the
risk of ﬁnding a false-positive result. Such
ﬁndings must be subjected to more strict signiﬁcance criteria (correcting for multiple
XXX 2020;nn(n):1-10
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hypothesis testing) or conﬁrmed with other
studies. This result is already in line with an
existing body of research indicating a protective effect of EPA and DHA against MI, as
shown by our analysis. According to our
meta-regressionederived model, 840 mg/
day should reduce the risk of MI by 7.6%,
and VITAL found an effect more than three
times larger. The remaining question is not
whether the ﬁnding in VITAL proves that
EPA and DHA reduces the risk of MI, but
rather why the effect observed was so large
d whether it is a numerical artifact, or some
characteristics of the studied population that
makes long-chain marine omega-3s particularly protective. If the latter, this would have
profound implications in devising primary
preventative care strategies.
Based on our meta-analysis, supplementation with EPA and DHA was also associated
with signiﬁcant reductions in the risk of CVD
death: a 35% reduction in the risk of fatal MI,
and a 9% reduction in the risk of CHD mortality. Meta-regression shows that the slope
of the log-RR as a function of dosage is not
signiﬁcantly non-zero. This is consistent
with the hypothesis that CHD mortality and
fatal MI prevention can be achieved with little EPAþDHA (less than the 800 to 1200 mg/
day that constitute most of the existing evidence), and that the protective effect quickly
plateaus with increasing dosages. This agrees
with the conclusions reached by Mozaffarian
and Rimm13 that most of the protection
against CHD mortality is achieved with dosages less than 500 mg/day.
Year of Publication
A commonly held belief is that earlier interventional trials found larger CVD protective
effects for EPA and DHA, but that later
studies have found smaller risk reductions,
if they found a reduction at all.7,11 The interpretation of this putative ﬁnding varies.
Some researchers attribute this to the fact
that newer trials beneﬁt from advances in
study design and that more carefully
planned trials would ﬁnd null results. Others
observe that the treatment and prevention of
CVD has changed dramatically in the last
three decades, and that modern medications,
Mayo Clin Proc. n XXX 2020;nn(n):1-10
www.mayoclinicproceedings.org
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particularly statins and statins at higher
doses, may interfere with the mechanisms
of action of EPA and DHA, reducing the effect magnitude. There is, in fact, evidence
of complex interactions (both synergistic
and antagonistic) between statins and long
chain omega-3s.21 Results from our metaregressions using the year of publication as
שנת המחקר לא
a predictor (either correcting for the effect
משנה
or dosage or not) fail to ﬁnd a signiﬁcant
relationship. Although it is possible that
populations that receive different forms of
CVD care may beneﬁt differently from
EPA/DHA supplementation, there is no evidence that the effect magnitude for any of
the outcomes covered in this study has
changed over time.
Primary Versus Secondary Prevention
Finally, an important question is whether
EPAþDHA supplementation is more effective for primary or secondary prevention,
a challenging question because of the
paucity of primary prevention studies. We
addressed a related question: Does the
EPAþDHA supplementation effectiveness
change depending on the baseline risk of
the population? For each outcome, we
used the event risk in the placebo or untreated group as a proxy for the population
risk. Most of the existing research has been
conducted on populations at high risk (people with established CVD, diabetes, or a history of CVD events), and we could only
ﬁnd that EPAþDHA is more effective in
higher-risk populations for MI, and only after correcting for the effect of dosage. The
fact that the effect of supplementation
אוכלוסיות בסיכון
does not increase with baseline risk pro- נמוך גם נהנות מהגנה
vides some conﬁdence that ﬁndings about
effectiveness can be generalized to prevention in lower-risk populations.
EPA Compared With EPAþDHA
It has been observed that DHA supplementation can increase low-density lipoprotein
cholesterol (LDL-C), and some researchers
believe that omega-3 supplementation would
be safer if it consisted primarily of EPA.22
But LDL-C is an imperfect marker of CVD
risk, and although DHA increases LDL-C, it
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does not change apolipoprotein B.23-25 This
is consistent with shifting LDL particles to
a larger, less atherogenic proﬁle.
There is a lack of data to address this
question. Because there is the belief that
EPA is better for CVD prevention, most of
the information available for larger dosages
has been obtained using highly concentrated
forms of EPA, and the range of DHA dosages
across studies is small. Based on our analysis,
EPA+DHA לבד לEPA  אין הבדל ביןwe are unable to conclude that EPA alone is
 כמו3 )ההערה לנוכח תרופות אומגה
any more or less effective for CVD preven( נקיEPA  שנותנותVASCEPA
tion than EPAþDHA.6
To our knowledge, this is only the second study to estimate the relationship between EPAþDHA dosage and the effect of
supplementation on selected CVD outcomes
using the meta-regression methodology, the
ﬁrst to do so using the totality of available
evidence from interventional trials, and the
ﬁrst to address the effect of other numeric
variables.
Study Limitations
One weakness of our study is that we only
considered linear models. It is possible that
the real relationship is nonlinear, with
threshold and plateau effects, and our analysis assumes that the dosages used in existing interventional studies correspond to the
central part of the dose-effect curve, where
the relationship is approximately linear. We
decided not to include nonlinear terms in
our meta-regression models out of concerns
that doing so may lead to overﬁtting.
Depending on the outcome, our assumption
may be more or less correct, and more
research is needed to address this issue.
However, our results suggest that there
may be some dose-dependent relationship
between EPA/DHA doses and major clinical
events.
A second weakness derives from the fact
that we were unable to assess whether there
was a higher prevalence of negative side effects in the treated group. Side effects have
already been studied extensively and been
generally found to be rare and/or not particularly serious.26-28 Because serious side effects are rare, their reporting is not
consistent across studies, which makes
8
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meta-analysis and meta-regression less accurate techniques to address this question.
VITAL5 found a higher risk reduction in
subpopulations who eat less ﬁsh d this is
consistent with a nonlinear dose-effect
curve, where a possible protective effect reaches a plateau at high enough doses. A third
weakness of our study is the lack of data to
address whether this is the case. Fish intake
is rarely declared in trials, and varies
depending on multiple cultural, socioeconomic, and demographic variables. The
only way to answer this question is through
subgroup analysis of the individual patient
data for each trial.
A ﬁnal limitation derives from the fact
that there is insufﬁcient research on the effect of EPA/DHA supplementation on primary cardiovascular prevention. Only two
trials have been conducted in populations
without a previous history of CVD: VITAL5
and ASCEND.4 This makes the use of subgroup analysis for a direct comparison between primary and secondary prevention
trials impossible. Abdelhamid et al7
addressed this limitation by comparing secondary and primary/mixed research, but
the majority of the mixed trials include a majority of patients with previous events or at
very high risk. Our approach consisted of
modeling the risk reduction as a function
of the baseline risk and found little evidence
that EPA/DHA are more or less preventive in
populations at different risk.

אוכלוסיות בסיכון
נמוך גם נהנות מהגנה

CONCLUSION
The current study presents strong evidence
that EPAþDHA supplementation is an effective strategy for the prevention of certain
CVD outcomes, and that for CVD events
and MI the protective effect appears to in- המחקר מוכיח כי
תיסוף
crease with dosage. Authoritative bodies  הואEPA+DHA
issuing intake recommendations and health
שיטה יעילה
care providers need to consider taking these להפחתת הסיכון
results into account. Considering the rela- להתקפי לב )שבץ
לב) ולארועים
tively low costs and side effect proﬁles of לבביים אחרים וכי
omega-3 supplementation and the low ההשפעה החיובית
drug-drug interactions with other standard היא תלוית מינון
ועולה ככל
therapies used in primary and secondary
שהמינון עולה
CVD prevention, clinicians and patients
should consider the potential beneﬁts of
XXX 2020;nn(n):1-10
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EPA/DHA החוקרים ממליצים לרשויות הבריאות לשקול את התיסוף של
 מ"ג ביום2000  עד1000 כאסטרטגיה מונעת תחלואה לבבית במינונים של

omega-3 (EPA/DHA) supplementation, especially using 1000 to 2000 mg/day dosages,
which are rarely obtained in most Westernized diets, even those including some
routine ﬁsh consumption.
SUPPLEMENTAL ONLINE MATERIAL
APPENDIX
SUPPLEMENTAL ONLINE MATERIAL
Supplemental material can be found online
at http://www.mayoclinicproceedings.org.
Supplemental material attached to journal
articles has not been edited, and the authors
take responsibility for the accuracy of all
data.
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RCT = randomized control trial
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