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Abstract: Background: Previous studies assessing the impact of omega-3 polyunsaturated fatty acids (w-3 PUFA)
have shown conflicting results in regard to the cardiovascular mortality. It is likely that higher dose of w-3 PUFA
would have a greater effect on the major adverse cardiovascular events (MACEs). Therefore, we performed a dose-
response meta-analysis to explore the potential protective effect of w-3 PUFA, with the increase of daily intake
and extension of the intervention period, on patients with cardiovascular disease risks. Outcomes included major
adverse cardiovascular events, cardiovascular and all-cause mortality. Methods: A systematic literature search of
PubMed, Embase and the Cochrane Library from inception to September 31, 2019 was conducted to identify the
randomized controlled trails (RCTs) of w-3 PUFA supplementation, which reported cardiovascular events or deaths
and recruited no less than 500 participants. We evaluated the effect of w-3 PUFA through the pooled relative risks
(RR) and 95% confidence intervals (95% Cl), and further carried out subgroup analysis and dose-response meta-
analysis. Results: Fourteen trials including 87718 individuals were reviewed. By conventional statistical significance,
there was no apparent difference between the two groups on major adverse cardiovascular effects (RR 0.94, 95%
Cl 0.84-1.04) and all-cause mortality (RR 0.96, 95% ClI 0.91-1.00), but there was an effect on the cardiovascular
mortality (RR 0.93, 95% CI 0.88-0.99). However, with the dose increased and intervention period prolonged (daily
dose x intervention period > 8 grams/day x years), subgroup analyses showed a more obvious reduction of MACEs
(RR 0.79, 95% CI 0.65-0.95) and all-cause mortality (RR 0.93, 95% Cl 0.85-1.03). Furthermore, the dose-response
meta-analysis presented a 13.05% reduction of MACEs and 8.99% reduction of all-cause mortality with 10 grams/
day x years increments. Conclusions: Updated with the newly published RCTs, this meta-analysis indicated that
large dose and long period of interventions with w-3 PUFA supplementation produce a close association with MACEs
and cardiovascular or all-cause mortality. A dose-response beneficial effect was preliminarily established.
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Introduction

Therapeutic value of the fish oil, which is rich in
omega-3 polyunsaturated fatty acids (w-3
PUFA), has been paid attention for many years.
It is recommended that the daily diet should
include a higher proportion of marine-sourced
w-3 PUFA, eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), to postpone car-
diovascular diseases [1]. Potential mechan-
isms for the benefits have been discussed,
including reducing platelet adherence, enhanc-
ing endothelium-dependent vasodilatation [2,
3], lowing cholesterol [4] and reducing inflam-
mation [5-7].

However, randomized controlled trials have
revealed contradictory findings with both posi-
tive [8, 9] and negative findings [10, 11]. A
recently published trail by Bhatt, which involved
8179 participants and a median of 4.9 years
follow-up, reported that patients who received
4 g/d w-3 PUFA experienced a 30% reduction
in total primary endpoints events compared
with the control group [12]. JELIS study, which
is an open-label trail conducted in Japan,
recruited 18,645 patients with a total choles-
terol of 6.5 mmol/L or greater and demonstrat-
ed a 19% relative reduction of major coronary
events after a 1800 mg of EPA daily on the
basis of statin therapy [9]. On the contrary, the
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Table 1. Search strategy

No. Search query

1. (omega 3 fatty acids OR n-3 fatty acids OR n-3 polyunsaturated fatty acid OR n-3 PUFA OR n-3 oils OR

omega-3 FA)

(marine OR fish oil OR fatty fish OR fish)
#1 OR #2 OR #3

ok, wbd

(eicosapentaenoic acid OR EPA OR docosahaexaenoic acids OR DHA)

(cardiovascular events OR cardiovascular disease OR coronary heart disease OR acute myocardial infarc-

tion OR unstable angina OR revascularization OR MACE OR stroke)

o

(mortality OR death)
#5 OR #6
8. #4 AND #7

~

ORIGIN trial argued that there was no signifi-
cant difference between the two groups on car-
diovascular death (RR 0.98; 95% CI 0.87-1.10)
or major cardiovascular events (RR 1.01; 95%
Cl 0.93-1.10) [10]. 1 g/d for 1-year w-3 PUFA
supplementation was detected to show no ben-
efit on sudden cardiac death (1.5% in omega
group and 1.5% in control group) but a small
increase in the major cardiovascular and cere-
brovascular events (10.4% in omega group and
8.8% in control group). These inconsistencies
are reflected in recent meta-analyses [13, 14].
By looking into the results reported, we pro-
pose that larger doses of w-3 PUFA intake and
a long period of intervention tend to benefit the
participants more from suffering major cardio-
vascular events and deaths.

Considering the inconsistency of the prior stud-
ies and the tendency of a more obvious cardio-
vascular protective effect of a large dose of
w-3 PUFA and longer intervention, we per-
formed an updated meta-analysis and subse-
quently further detected the dose-response
relationship along with daily dose increase and
treatment duration extension.

Methods
Literature search and study selection

We conducted comprehensive literature sear-
ches using PubMed, Embase and the Cochrane
Library which covered studies from inception
to September 31, 2019. Bibliographies of
reviews and meta-analyses on this topic were
browsed to supplement the electronic search.
The searching and reporting process followed
the Preferred Reporting Items for Systematic
Reviews and Meta-analyses guidelines [15].
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The search was designed to identify clinical tri-
als exploring w-3 PUFA supplementation and
cardiovascular outcomes. The detailed search
strategy is described in Table 1.

Trials to be included should meet the following
criteria: (1) randomized controlled trials con-
ducted in humans which recruited vascular out-
comes. The detailed search stratthe recruited
patients were males or females aged ed olled
trials conducted in humans which recruiteach
study reported at least one of the following out-
comes: major adverse cardiovascular events
(including nonfatal myocardial infarction, coro-
nary heart disease death, coronary revascular-
ization, unstable angina), cardiovascular or all-
cause mortality. (4) each study reported the
daily dose of w-3 PUFA and the length of the
intervention period. (5) studies further included
into the dose-response meta-analysis were
required to report the RRs and 95% Cls in
principle. The study selection process is illus-
trated in Figure 1. Two investigators indepen-
dently evaluated the eligibility of the retrieved
trials through screening titles/abstracts and
further full-text reading. Discrepancies were
resolved by the discussion or consultation with
a third reviewer.

Data extraction and quality evaluation

The reported results were extracted from each
selected article using a pre-designed data
form. The following information was extracted:
the last name of the first author, publication
year, country or region where the trial was con-
ducted, number of the participants, age and
sex distribution of the population, the daily
dose of EPA and DHA supplementation, the
intervention length, cardiovascular outcomes
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Figure 1. Risk of bias of included trails summary.

and enumeration data of experiment group
and control group (RR and 95% Cl were also
recorded).

The quality of the included studies was evalu-
ated by the Cochrane Collaboration Risk of Bias
Tool which assessed the trials from six aspects.
Each aspect was ranked “high risk”, “unclear
risk” or “low risk”. The overall rating chart sum-
marizing the quality is shown in Figure 1 (Risk
of bias summary) and Figure 2 (Risk of bias
graph).

Statistical analysis

The number of the individuals with an event
and total participants of each group was col-
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lected to calculate the pooled RRs with 95%
Cls using fixed or random effects model. We
assessed publication bias by inspecting funnel
plots and measuring through Begg's or Egger’s
test [16]. Heterogeneity among studies was
evaluated using the Cochran’s Q test and quan-
tified using the I? static. The I? statistic was
considered to reflect low likelihood (0-25%),
moderate likelihood (26-75%), and high likeli-
hood (76-100%) of differences. In our meta-
analysis, we consider an |12 value more than
50% notable, as was a P value of less than or
equal to 0.1 for heterogeneity. The sensitivity
analyses were done by excluding individual
studies. We also performed subgroup analysis
to detect the heterogeneity and the effect of
dose on MACEs. These data analyses were per-
formed using Review Manager 5.3 and the
dose-response relationship was detected using
Stata SE 12.0.

Results
Basic characteristics of included trials

Figure 3 shows the selection process of the lit-
erature search. We finally included 14 studies
ranging in size from 500 to 18645 participants
and the main characters of the included 14 tri-
als are listed in Table 2 [9-12, 17-26]. The 14
trails comprising a total number of 87718 indi-
viduals randomly assigned 43918 people to
the treatment group and 43800 to the control
group. Male took up a larger proportion of each
study except for one trial carried out in Japan,
which occupied 68.6% of the total participants
[9]. The mean age of the participants was 63
years and the follow-up period varied from 0.5
to 6.2 years.

Effect of w-3 PUFA supplementation on MACEs

In terms of the primary composite cardiovascu-
lar outcome, the overall pooled results of the
included 11 trials that reported MACEs showed
nonsignificant benefit of w-3 PUFA supplemen-
tation (RR, 0.94; 95% Cl, 0.84-1.04; Random
effects) (Figure 4). Notable heterogeneity,
beforehand, has been detected (12 = 91%, P <
0.00001). No apparent publication bias was
observed except one study through visual
examination of funnel plots (Figure 5). We con-
ducted sensitivity analysis by excluding individ-
ual study and found that REDUCE-IT trail
accounted for the majority of the heterogeneity,
which turned moderate (12 = 32%, P = 0.15)

Am J Transl Res 2021;13(8):8526-8539



w-3 PUFA supplementation and cardiovascular risk

Random sequence generation (selection bias) _ |

Allocation concealment (selection bias) _:|

Blinding of participants and personnel (performance bias) _:.
Blinding of outcome assessment (detection bias) _
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) _:|

Other bios NN |

B Low risk of bias

Figure 2. Risk of bias of included trails graph.

afterthe removal of that trial. And they remained
statistically non-significant (RR, 0.97; 95% ClI,
0.92-1.02) by pooling the remaining 10 trials.
Considering the negative results, we carried
out a trail sequence analysis, which revealed
that current studies were not sufficient to draw
the negative conclusion (Figure 6).

It appears that trials with larger doses of w-3
PUFA tend to show more significant benefits
[12, 20]. We conducted a subgroup analysis
stratified by daily dose of w-3 PUFA supplemen-
tation but no statistical significance was found
(dose < 1 g/d: RR 1.03 (0.97-1.10); 21 g/d and
<2 g/d: RR 0.95 (0.88-1.01); >2 g*y: RR 0.80
(0.63 1.01)). However, detecting the benefit
effect of longer intervention [9, 12] with an
intensive dose (dose*time >d g/d*y) revealed
a distinct benefit (RR, 0.79; 95% Cl, 0.65-0.95;
Figure 2) while conservative therapy (dose*
time < 4 g/d*y) had no benefit on MACEs (RR,
1.07; 95% Cl, 0.96-1.19). We then performed a
dose-response meta-analysis, and non-liner
dose-response model was applied (Testparm
dose2, Goodness-of-fit chi2 = 7.01, Prob > chi2
= 0.0081). Dose-response analysis revealed a
1.39% reduction of MACEs with 1 g/d*y incre-
ment of dose*time and a 13.05% reduction of
10 g/d*y increments. The dose-response plot-
ting is shown in Figure 7.

Effect of w-3 PUFA supplementation on cardio-
vascular and all-cause mortality

Eight trials with a total of 49872 individuals
reported the incidence of cardiovascular death,
with pooled results (RR 0.93, 95% Cl 0.88-
0.99; Fixed effects; Figure 8) indicating signifi-
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cant difference between the w-3 PUFA group
and the control group. Heterogeneity detection
(I = 0) indicated that trials were consistent
with this outcome.

Eleven studies with a total of 62831 partici-
pants provided all-cause mortality results,
which demonstrated a non-inferior effect (RR
0.96, 95% Cl 0.91-1.00). Fixed-effect model
was applied due to tolerable heterogeneity (12 =
25%). Subgroup analysis was also conducted to
further explore the effect and manifested a
more obvious protective impact (dose*time <
4 g/d*y: RR 1.03; >4 g/d*y and < 8 g/d*y: RR
0.96; > 8 g/d*y: RR 0.93; Figure 9). Dose-
response meta-analysis was also performed,
and liner relationship was suitable for the anal-
ysis (Testparm dose2, Goodness-of-fit chi2 =
0.47, Prob > chi2 = 0.4926). Notably, of the
11 included trials reporting the all-cause mor-
tality, 4 trials did not report the RR and 95% ClI,
which were then estimated through the number
of the events of the experiment and control
group [19, 21, 23, 26]. The dose-response rela-
tionship demonstrated an 8.99% reduction of
all-cause mortality with 10 g/d*y increment of
dose*time (Figure 10).

Quality of the evidence was evaluated though
summary of findings (SoF) table conducted via
GRADE profiler (version 3.6), and the SoF table
is listed in Table 3.

Discussion
Previous trials and meta-analyses have shown

diverse results and drawn paradoxical conclu-
sions. Some reviews and meta-analyses con-
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35947 Records identified
15539 PubMed
18921 Embase
1487 Cochrane Library

o 18529 Excl
I (duplicates examined by Endnote)

Y

17418 Records sereened through
titles and abstracts

17301 Excluded
14285 of irrelevant topic
3016 not clinical trials

—

Y

117 Records prepared to be included

592 Systmatic reviews and meta-analyses

334 PubMed
206 Embase
52 Cochrane Library
263 Excluded
(duplicates examined by Endnote)
Y

329 Records screened through titles
and abstracts.

297 Excluded
——————— 289 of irrelevant topic
8 traditional (not systematic) review

v

32 records furtherly detected

11 Excluded
f——————P 3 No avaliable full-text

5 no concerned results

3 included only cohort study

Y
21 systematic reviews or meta-analyses
(including 57 Trials) considered
potentially eligible

Y

174 Trials considered potentially
eligible and received Full-text review

Y

14 Trials included in current meta-analysis

-

160 Trials excluded

47 duplicate results

34 ALA or other kinds of polyunsaturated oils
23 trials presented inaccurate estimation of

©-3 PUFA supplementaion

27 prospective cohort studies

12 trials with less than 500 participants

11 no concerned results

4 not randomized design

2 no avaliable full-text

Figure 3. Flow chart of literature search and study selection. PUFA = polyunsaturated fatty acid; ALA = a-Linolenic

acid.

servatively demonstrated a beneficial effect of
marine-derived EPA and DHA supplementation
in reducing cardiovascular events [27] and
deaths [28, 29] while others showing no asso-
ciation [30-33]. However, despite the meta-
analyses not reaching conventional statistical
significance, a majority of them revealed a
modest reduction of MACEs and favored the
w-3 PUFA intake. Updated with new publica-
tions and relatively consistent with previous
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meta-analyses, we still did not detect a distinct
protective effect on cardiovascular mortality
(RR 0.94, 95% Cl 0.84-1.04) and all-cause
mortality (RR 0.96, 95% ClI 0.91-1.00). How-
ever, it cannot be definitely asserted that there
is no benefit of w-3 PUFA supplementation.
Subgroup analysis demonstrated a more obvi-
ous protective effect of a larger dose of w-3
PUFA along with a longer period of supple-
mentation. The inconsistent results of former

Am J Transl Res 2021;13(8):8526-8539
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Table 2. The basic characteristics of the included studies

Publication

Sample

Mean

Male,

Intervention

Intervention

Dose of EPA/

Study Name Author year Country Size Age (SD) No (%) length, y Type DHA (mg/d) Control

DOIT Einvik et al 2010 Norway 563 70 (3) 563 (100) 3 Fish oil 1150/800 Corn oil Background formula

AREDS-2 Bonds et al 2014 United States 4203 74 (NA) 1816 (43.2) 4.5 NA 650/350 with partial Lutein+zeaxanthin*

SU.FOL..OM3 Galan et al 2010 France 2501 61 (NA) 1987 (79.4) 4.7 Fish oil 400/200 Gelatin

JELIS Yokoyama et al 2007 Japan 18645 61 (8) 5859 (31.4) 4.6 Ethyl esters 1800/NA No supplement
EPA+DHA

Alpha Omega Kromhout et al 2010 The Netherlands 4837 69 (6) 3783 (78.2) 3.3 enriched 226/150 Oleic-acid margarine
Margarine

OMEGA Rauch et al 2010 Germany 3818 64 (NA) 2841 (74.4) Ethyl esters 460/380 Olive oil

Risk & Prevention Roncaglioni et al 2013 Italy 12505 64 (NA) 7687 (61.5) 5 Ethyl esters 500/500 Olive oil

GISSI-HF Tavazzi et al 2008 Italy 6975 67 (11) 5459 (78.3) 3.9 Ethyl esters 850/950 No supplement

ORIGIN Bosch et al 2012 40 countries 12536 64 (8) 8150(65.0) 6.2 Ethyl esters 465/375 Olive oil

GISSI-P Valagussa et al 1999 Italy 11334 59 (11) 9658 (85.2) 3.5 Ethyl esters 850/1700 No supplement

REDUCE-IT Bhatt et al 2019 United States 8179 64 (NA) 5822 (71.2) 4.9 Icosapent ethyl 4000/0 NA

SOFA Brouwer et al 2006 8 countries 546 61 (NA) 459 (84.1) Fish oil 464/335 high-oleic-acid sunflower oil

FORWARD Macchia et al 2013 Argentina 586 66(11.3) 321(54.8) 1 Ethyl esters 866 (850-882) Olive oil

CART Johansen et al 1999 Norway 500 60 (NA) 390 (78) 0.5 Ethyl esters 2790/2250 corn oil

NA: not available; *It is 2 x 2 factorial-designed RCT supplemented w-3 PUFA (350-mg DHA + 650-mg EPA), macular xanthophylls (10-mg lutein + 2-mg zeaxanthin) with background therapy of ascorbic acid (500 mg), vitamin E (dl-alpha
tocopherol acetate, 400 IU), beta carotene (15 mg), and zinc (80-mg zinc oxide) with copper (2-mg cupric oxide); Experiment group received 1 g n-3 PUFA (provided by SPA and Sigma-Tau, Italy), which provide 850 to 882 mg eicosapentaenoic
acid/docosahexaenoic acid ethyl esters.
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w-3 PUFA Control Risk Ratio Risk Ratio
Study or Subgrou Total | Wei M-H. Random, 95% C| - om, 95% C|
1. dose*time<<4g*y
Alpha Omega 2010 336 2404 335 2433 9.7% 1.02[0.88, 1.17] T
OMEGA 2010 182 1925 149 1893 8.2% 1.20[0.98, 1.48] =4
SU.FOL.OM3 2010 81 1253 76 1248 6.2% 1.06 [0.78, 1.44] i
Subtotal (95% CI) 5582 5574 24.1% 1.07 [0.96, 1.19] ’
Total events 599 560
Heterogeneity: Tau® = 0.00; Chi* = 1.74, df = 2 (P = 0.42), ? = 0%
Test for overall effect: Z = 1.21 (P = 0.23)
2. dose*time=4g*y & <8g*y
AREDS2 2014 183 2147 187 2056 8.5% 0.94 [0.77, 1.14] T
DOIT 2010 32 282 36 281 4.0% 0.89 [0.57, 1.38] =
GISSI-HF 2008 1635 3494 1687 3481 11.3% 0.97 [0.92, 1.01] 1
ORIGIN 2012 1034 6281 1017 6255 10.9% 1.01[0.94, 1.10]
Risk & Prevention 2013 733 6239 745 6266 10.6% 0.99 [0.90, 1.09] 1
Subtotal (95% Cl) 18443 18339 45.2% 0.98 [0.94, 1.01]
Total events 3617 3672
Heterogeneity: Tau® = 0.00; Chi? = 1.44, df =4 (P = 0.84); I*= 0%
Test for overall effect: Z = 1.18 (P = 0.24)
3. dose*time=8g*y
GISSI-P 1999 547 5666 608 5658 10.3% 0.90 [0.81, 1.00] o
JELIS 2007 262 9326 324 9319 9.3% 0.81[0.69, 0.95] =2
REDUCE-IT 2019 1185 4089 1724 4090 11.1% 0.69 [0.65, 0.73] N
Subtotal (95% Cl) 19081 19067 30.7% 0.79 [0.65, 0.95] L 4
Total events 1994 2656
Heterogeneity: Tau? = 0.02; Chi* = 19.41, df = 2 (P < 0.0001); I> = 90%
Test for overall effect: Z = 2.46 (P = 0.01)
Total (95% CI) 43106 42980 100.0% 0.94 [0.84, 1.04] L
Total events 6210 6888
Heterogeneity: Tau? = 0.03; Chi? = 110.89, df = 10 (P < 0.00001); I = 91% "0_0 : 0%1 ! 1*0 : 00‘

Test for overall effect: Z = 1.18 (P = 0.24)
Test for subaroup differences: Chi? = 7.56. df = 2 (P = 0.02). 1> = 73.5%

Favours [experimental] Favours [control]

Figure 4. Forest plot of comparison: omega-3 PUFA vs placebo on MACEs. Stratified by dose*time.
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relatively small, which is corre-
sponding to the subgroup of
dose*time <4 g/d*y (RR, 1.07;
95% Cl, 0.96-1.19) and putting
forward the dauntless hypoth-
esis that a small dose of
omega-3 fatty acid may be of
no benefit and even detrimen-
tal to health.

Obvious heterogeneity was
detected in results of MACEs
and the REDUCE-IT trial was
RR responsible for the majority of

0.5 t t
0.01 0.1 1

Figure 5. Funnel plot of 11 trials reported MACEs. Stratified by dose*time.

individual studies could be partially explained
by dose and time, which led us to perform
the dose-response meta-analysis showing a
13.05% reduction of MACE with 10 g/d*y incre-
ments. What is more, as shown in Figure 4, we
detected a slight upward trend of relative risk
when the numerical data onto dose*time was
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100 it. We analyzed the trials and
ascribed the potential reason
to the large dose and long peri-
od of intervention, which
reached up to 19.6 g/d*y and was much more
than that of other trials. Besides the reduced
total primary endpoint events (61 versus 89
per 1000 patient years for icosapent ethyl ver-
sus placebo, respectively; RR 0.70, 95% CI
0.62-0.78), this long-term randomized con-
trolled double-blinded trial further reported first

Am J Transl Res 2021;13(8):8526-8539
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Figure 6. Trail sequencing analysis of the included studies reporting MACEs.
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8
L

realized though modulating
cardiac electrophysiology. Both
animal experiments and hu-
man trials have endorsed that
w-3 PUFA may prevent ventric-
ular arrhythmia [37-40] rather
than atrial fibrillation [41-43].
Second, w-3 PUFA reduces
plasma triglyceride levels, and
improves myocardial efficiency
and left ventricular diastolic
function. This effect was also
verified by the OMEGA-REM-

T
0 5 10
omega- 3 exposure

Figure 7. Dose-response relationship of MACEs with increment of dose*time.

and subsequent primary endpoints (55.2% and
44.8% occurred respectively). However, as a
study carried out in the same period, the VITAL,
which is a 2 x 2 factorial designed trial and
enrolled 25874 participants, demonstrated no
benefit of cardiovascular events by w-3 PUFA
supplementation [34]. Partially explained by
the low dosage of the supplementation, the
negative results can be owing to the subjects,
who are at a relatively low risk of MACEs. As is
verified in the previous trails [9, 17, 20, 35]
and meta-analysis [13], patients with a high
level of triglyceride and low-density cholesterol
are more prone to benefit from w-3 PUFA sup-
plementation compared to the low-risk popula-
tions.

Potential physiological effects of w-3 PUFA that
might influence CVD risks have been discussed
by Mozaffarian et al including mainly four
aspects [36]. First, anti-arrhythmic effect was

8533

units:gram*year

20 ODEL randomized clinical trial,
which manifested that 4 g/d
w-3 PUFA supplementation
lasting 6 months evidently re-
duced adverse left ventricular
remodeling, non-infarct myo-
cardial fibrosis and inflammation biomarkers of
patients suffered from an acute myocardial
infarction beyond current guideline-based stan-
dard of care [44]. Third, these hepatic effects
might also lead to modest shunting of carbohy-
drates and/or glycerol to glucose production,
which could raise plasma glucose levels but
reduce hepatic steatosis and insulin resistance
and not adversely affect peripheral insulin
resistance or systemic metabolic dysfunction.
Lastly, these changes together contribute to
the established blood pressure-lowering ef-
fects of w-3 PUFA, which have been supported
by many clinical trials [45-47] and meta-analy-
ses [48, 49].

Strengths of this meta-analysis are as follows:
1. We focused on the doses of w-3 PUFA as well
as intervention period and created a new vari-
able (dose*time) to subgroup the included tri-
als and found significant reduction of cardio-

Am J Transl Res 2021;13(8):8526-8539
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w-3 PUFA Control

Alpha Omega 2010 80 2404 82 2433
DOIT 2010 7 282 11 281
FORWARD 2013 16 289 20 297
GISSI-HF 2008 712 3494 765 3481
GISSI-P 1999 291 5666 348 5658
ORIGIN 2012 574 6281 581 6255
Risk & Prevention 2013 82 6239 76 6266
SOFA 2006 6 273 13 273
Total (95% CI) 24928 24944
Total events 1768 1896

Heterogeneity: Chi* = 6.91, df =7 (P = 0.44); P = 0%
Test for overall effect: Z = 2.33 (P = 0.02)

Weight
4.3%
0.6%
1.0%

40.4%
18.3%
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4.0%
0.7%

100.0%

Risk Ratio
M-H. Fixed, 95Y%

0.99 [0.73, 1.34]
0.63 [0.25, 1.61]
0.82 [0.43, 1.55]
0.93 [0.85, 1.02]
0.84[0.72, 0.97]
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Figure 8. Forest plot of comparison: omega-3 PUFA vs placebo on cardiovascular mortality.

w-3 PUFA Control

Risk Ratio

Risk Ratio

_Study or Subgroup __Events Total Events Total Weight M-H Fixed,95%Cl  M-H.Fixed.95%CI

1. dose*time <4g*y

Alpha Omega 2010 186 2404 184 2433
CART 1999 1 250 3 250
FORWARD 2013 4 289 5 297
OMEGA 2010 88 1925 70 1893
SOFA 2006 8 273 14 273
SU.FOL.OM3 2010 58 1253 59 1248
Subtotal (95% CI) 6394 6394
Total events 345 335

Heterogeneity: Chi® = 4.35, df =5 (P = 0.50); I = 0%
Test for overall effect: Z = 0.43 (P = 0.67)

2. dose*time=4g*y&<<8g'y

DOIT 2010 14 282 24 281
GISSI-HF 2008 955 3494 1014 3481
ORIGIN 2012 951 6281 964 6255
Subtotal (95% CI) 10057 10017
Total events 1920 2002

Heterogeneity: Chi? = 2.99, df = 2 (P = 0.22); I = 33%
Test for overall effect: Z = 1.62 (P =0.11)

3. dose*time=8g*y

GISSI-P 1999 472 5666 545 5658
JELIS 2007 286 9326 265 9319
Subtotal (95% CI) 14992 14977
Total events 758 810

Heterogeneity: Chi? = 4.58, df = 1 (P = 0.03); I =78%
Test for overall effect: Z = 1.38 (P = 0.17)

Total (95% CI) 31443 31388
Total events 3023 3147
Heterogeneity: Chiz = 13.30, df = 10 (P = 0.21); I* = 25%
Test for overall effect: Z = 1.83 (P = 0.07)

Test for subaroup differences: Chiz = 1.27. df = 2 (P = 0.53). I?= 0%
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Figure 9. Forest plot of comparison: omega-3 PUFA vs placebo on all-cause mortality. Stratified by dose*time.

Figure 10. Dose-response relation-
ship of all-cause mortality with in-
crement of dose*time.

vascular events. It should be
noted that no statistically sig-
nificant result has been detect-
ed after stratifying the partici-
pants via daily dose merely.
Dose-response meta-analysis
further verified the benefit of
large dose and long period of
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intervention. 2. Strict inclusion
and exclusion criteria were fol-
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Table 3. SoF tables w-3 PUFA compared to placebo for patients with coronary disease

Illustrative comparative risks* (95% Cl) . o Quality of
- - - Relative effect No. of Participants .
Outcomes Assumed risk Corresponding risk (95% CI) (studies) the evidence
Placebo Q-3 PUFA (GRADE)
The effect of w-3 PUFA on MACCE clinical events Study Population RR 0.94 86086 DDDD
160 per 1000 151 per 1000 (0.84 10 1.04) (11 studies) high
(135 to 167)
Moderate
119 per 1000 112 per 1000
(100 to 124)
The effect of w-3 PUFA on cardiovascular mortality clinical events  Study Population RR 0.93 49872 DDDD
76 per 1000 71 per 1000 (0.88t0 0.99) (8 studies) high
(67 to 75)
Moderate
56 per 1000 51 per 1000
(48 to 54)
The effect of w-3 PUFA on all-cause mortality clinical events Study Population RR 0.96 62831 DDDD
100 per 1000 96 per 1000 (0.92t0 1) (11 studies) high
(92 to 100)
Moderate
51 per 1000 49 per 1000
(47 to 51)

*The basis for the assumed risk (e.g., the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on
the assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl). Cl: Confidence interval; RR: Risk ratio; GRADE Working Group grades of evi-
dence. High quality: Further research is very unlikely to change our confidence in the estimate of effect. Moderate quality: Further research is likely to have an important impact on
our confidence in the estimate of effect and may change the estimate. Low quality: Further research is very likely to have an important impact on our confidence in the estimate of
effect and is likely to change the estimate. Very low quality: We are very uncertain about the estimate.
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lowed to ensure the included trials of good
quality. We also processed the risk of bias eval-
uation and SoF table to evaluate the reliability.
3. Trail sequencing analysis was also conduct-
ed, which indicated that the present studies
were not sufficient to confidently draw a nega-
tive conclusion overall. 4. Besides the tradition-
al process of literature search from databases,
we also identified and screened the relevant
reviews and meta-analyses to ensure no omis-
sions of associated studies.

There were several limitations of this review.
First, data were collected from published trials
and it was restricted to obtain the individual-
level data. Furthermore, the primary outcome
of MACEs was limited to cardiovascular death,
nonfatal myocardial infarction, coronary revas-
cularization, unstable angina, but not include
ischemic stroke. Second, we only evaluated
the data from the MACEs and cardiovascular/
all-cause mortality while safety data were not
collected and analyzed, mainly comprising
increased gastrointestinal disturbances and
liver injury. Finally, the control groups were
exposed to different levels of fish oil due to vari-
ous dietary habits and it remained difficult to
quantify the effect. They also received different
kinds of control (olive oil, sunflower oil, corn oil,
oleic-acid margarine or blank). Olive oil, which
has been reported to have beneficial effects on
lipoprotein metabolism, might have disguised
the real benefit of w-3 PUFA supplementation
[50, 51].

Conclusion

The meta-analysis from randomized controlled
trials indicated that supplementation of w-3
PUFA in patients with cardiovascular disease
risks produced a modest protective effect and
large doses with long period of intervention
would enhance the salutary association with
major adverse cardiovascular events. Dose-
response analysis demonstrated a 13.05%
reduction with 10 g/d*y increments. In the
meantime, w-3 PUFA was beneficial on the
aspect of both cardiovascular and all-cause
mortality.
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