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Omega-3 for the prevention of cardiovascular
diseases: meta-analysis and trial-sequential analysis
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ABSTRACT

Objectives The effectiveness of omega-3 fatty acids
(PUFAS) in cardiovascular diseases (CVD) remains a
matter of debate. The aim of this work was to evaluate
PUFAs in the reduction of cardiovascular mortality in
primary and secondary prevention of CVD to determine if
further original studies are needed or the available data
can be considered conclusive.

Methods A meta-analysis was performed according to
a dichotomous endpoint followed by a trial-sequential
analysis (TSA). Clinical data were identified through

a PubMed search based on the following keywords:
omega-3 fatty acids; cardiovascular disease; death; and
cardiovascular risk. The clinical trials identified by this
procedure were subjected to standard meta-analysis and
TSA.

Results and conclusions A total of 11 randomised
studies for 100609 patients were analysed. Our meta-
analysis showed a statistically significant reduction

in mortality due to cardiovascular issues (RR=0.937;
95% Cl: 0.88 to 0.98; P=0.018). The TSA indicated

that no further trials are needed to better evaluate the
efficacy of PUFAs in preventing death related to CVD.

INTRODUCTION
The effectiveness of omega-3 polyunsaturated fatty
acids (PUFAs) in cardiovascular diseases (CVD) has
been extensively investigated through both observa-
tional and randomised clinical trials (RCTs). In spite
of this evidence, there is still disagreement about
the benefits of PUFAs supplementation,' particu-
larly concerning their impact on hard endpoints in
both primary and secondary prevention of CVD.*”
At present, the main clinical effect of PUFAs seems
to be restricted to their ability to decrease the
triglycerides plasma levels.®

A recent meta-analysis by Aung et al’ assessed
the efficacy of PUFAs in secondary prevention of
coronary heart disease: the endpoint was repre-
sented by major vascular events. These negative
conclusions are in agreement with a number of
studies demonstrating no effects from omega-3
PUFA supplementation on oxidative stress, inflam-
matory parameters,and coagulation and metabolic
status in patients with atherosclerotic vascular
disease and type 2 diabetes mellitus.” ® The meta-
analysis by Aung et al,” which has been widely cited
worldwide, is the basis on which, in March 2019,
the European Medicines Agency (EMA) concluded
that omega-3 fatty acid medicines are not effective
in preventing further heart and blood vessels prob-
lems in patients with previous heart attacks. This
statement has had an immediate clinical impact on

% Lucia Appolloni,® Daniele Mengato,*

several guidelines and recommendations, but does
not suggest whether or not further investigations
into the effectiveness of PUFAs in primary and
secondary prevention are required.”

Trial-sequential analysis (TSA) can represent a
useful tool in filling this gap. The advantages of TSA
are already recognised not only for handling supe-
riority questions but also regarding non-inferiority
ones. In fact, TSAs aim at classifying each meta-
analysis into one of four mutually exclusive cate-
gories (superiority, inferiority, futility, inconclusive
result).!!

The aim of this work was to perform a meta-
analysis to evaluate PUFAs in the reduction of
cardiovascular mortality in primary and secondary
prevention of CVD along. Then, we conducted a
TSA to determine if further original studies were
necessary or the available data could be considered
conclusive.

METHODS

This review was conducted in line with the state-
ment on Preferred Reporting Items for Systematic
Reviews and Meta-Analyses.'?

Search strategy

PubMed, EMBASE and the Cochrane Library
were searched for relevant studies from their date
of inception through to September 2019. The
search was limited to the English language and the
following search strategy was adopted: ‘omega-3
AND cardiovascular disease’; filter: ‘randomised
controlled trial’, ‘meta-analysis’; and ‘humans’.
References cited in the included articles were exam-
ined to identify additional studies.

Inclusion criteria and exclusion criteria

Studies were included if they met the following
criteria:  RCTs; outcomes including mortality
related to cardiovascular issues; and PUFAs supple-
mentation at 1g/daily dosage. For each trial, the
information concerning mortality due to CVD was
extracted for both the intervention and the control
groups. We excluded the studies that did not match
these inclusion criteria. Articles partially published
or without a full text available were also excluded.

Study selection and data extraction

The PICO approach was employed to collect the
characteristics (population, intervention, compar-
ator, outcome) of the included studies. Two inves-
tigators (MFC and AR) carried out the assessments
and independently performed the literature search.
Data extraction was completed by a third reviewer
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Figure 1

(LA) and disagreements were resolved involving two other
reviewers (MC and DM). They discussed controversial points
with the co-authors in order to make a final decision.

Data synthesis and analysis

Investigators carried out a meta-analysis of studies using the
software OpenMeta Analyst. In the case of dichotomous data,
the rate ratio (RR) was calculated for each trial with 95% Cls.
Thereafter, a TSA was performed using the software developed
by the Copenhagen Trial Unit (Centre for Clinical Intervention
Research, www.ctu.dk/tsa). The result of TSA was expressed
through the graph of cumulative Z-curve: the boundaries for
concluding superiority, inferiority or futility were determined

N
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.g Records identified through Additional records identified
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(n=739) \ following reason: neither title
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Full-text articles assessed
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Eﬂ (n=13) Full-text article excluded

w because of a higher dose of

omega-3 employed or EPA
monotherapy
(n=2)
) v
Studies included in

3 quantitative synthesis

i (meta-analysis)

g (n=11)
e )

Studies Estimate (95% C.I.) Ev/Trt Ev/Ctrl
Einvik et al 2010 0.634 (0.249, 1.612) 7/282 117281
Bonds DE et al 2014 0.979 (0.735, 1.306) 90/2147 88/2056
Galan P et al 2010 0.996 (0.539, 1.842) 20/1253 20/1248
Kromhout D et al 2010 0.987 (0.729, 1.337) 80/2404 82/2433
Rauch B et al 2010 0.948 (0.566, 1.588) 28/1919 29/1885
Roncaglioni MC et al 2013 1.041 (0.825, 1.313) 142/6239 137/6266
Tavazzi L et al 2008 0.927 (0.847, 1.015) 712/3494 765/3481
Bosch J et al 2012 0.984 (0.881, 1.098) 574/6281 581/6255
GISSIP 1999 0.837 (0.719, 0.973) 291/5666 348/5668
Bowman L et al 2018 0.816 (0.674, 0.988) 186/7740 228/7740
Manson JE et al 2018 1.103 (0.877, 1.387) 152712927 138/12944
Overall (1*2=0 % , P=0.567) 0.937 (0.888, 0.989) 2282/50352 2427/50257

PRISMA diagram of literature screening: preferred reporting items for systematic reviews and meta-analyses.

according to the O’Brien-Fleming alpha-spending function. To
control the risk of type I error, we adjusted the thresholds for the
Z-values with the use of the O'Brien-Fleming o-spending func-
tion, allowing the type I error risk to be set at the pre-determined
maximum risk. Crossing the O'Brien—Fleming o-spending
boundaries with a Z-curve indicates statistical significance. The
risk of type II error was controlled with the use of the B-spending
function and futility boundaries. Crossing the futility boundaries
by the Z-curve indicates that the two interventions do not differ
more than the anticipated effect. Our assumptions to perform
the TSA included: two-sided testing, type-1 error 5% and power
809% - the effect of omega-3 fatty acids was set at relative risk
reduction (RRR) of 10%, as already reported in the literature.” '

I T t T 1
025 05 094
Relative Risk (log scale)

Figure 2 Meta-analysis. forest plot showing the efficacy of PUFAs on cardiovascular death vs placebo or no treatment. The P-value is statistically
significant (P<0.05). In the figure, the P-value for heterogeneity is reported (P=0.567). The difference between patients receiving PUFAs and controls is

statistically significant (P=0.018).
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Figure 3  Trial-sequential analysis of 11 RCTs comparing PUFAs vs no treatment or placebo for preventing cardiovascular death. The expected RRR was
assumed to be 10%. in the Z-curve (blue line), Individual trials correspond to individual segments; trials are plotted in chronological order (from left to right).
The x-axis indicates the cumulative number of patients. Red lines are the boundaries for superiority or inferiority; B, sample size or cumulative number of

patients.

RESULTS

Search results and study characteristics

We initially identified 5451 records. A total of 4714 articles were
excluded according to the inclusion/exclusion criteria and the
search strategy. We finally excluded 726 records following scan-
ning of the title and/or abstract. The full text of the remaining
13 references was then examined. Two studies, the JELIS
trial”® and the REDUCE-IT trial,'* were not included because
they employed eicosapentaenoic acid alone (1800mg/daily) or
a higher dose of PUFAs (4g daily), respectively. Therefore, we
included 11 RCTs in our analysis for a total of 100609 patients
(table 1). The article search and screening process are described in
the flow chart (figure 1). Apart from the JELIS and REDUCE-IT
trials, the other studies were also reported in the meta-analysis
by Aung et al.” Moreover, we decided to include two other inter-
national trials: the Study of Cardiovascular Events in Diabetes,
ASCEND" and the VITamin D and OmegA-3 TriaL, VITAL.'®

Meta-analysis and trial-sequential analysis results
Meta-analysis results of the 11 studies showed a statistically
significant reduction in mortality related to cardiovascular issues
(RR=0.937; 95% CI: 0.88-0.98; P=0.018). The standard
forest plot is depicted in figure 2. More interestingly, our TSA
suggested that the superiority of PUFAs was demonstrated at a
cumulative number of 56 819 patients (where the Z-line crossed
the boundaries of superiority): on the other hand, the 11 trials
reached a total number of 100609 patients. The Z-curve graph
is reported in figure 3. Therefore, these results support the
conclusion that conducting further trials is unlikely to modify
this scenario according to which the benefits of PUFAs are small,
but statistically significant.

DISCUSSION

Our analysis is an attempt to draw a conclusion in a landscape
where the information remains contradictory. While our results
confirmed the presence of a small benefit of PUFAs, the prin-
cipal strength of our work is represented by the results of the
TSA. They were strictly dependent on the initial assumptions
that, however, are reasonable and, more importantly, reflect
the current trends of the literature on this topic. The cumu-
lative Z-curve (figure 3, blue curve) crossed the conventional
boundary and demonstrated that PUFAs significantly reduced
mortality related to cardiovascular issues as shown in our meta-
analysis. The number of patients included in our meta-analysis
was higher than the required information size (56 819 patients
considering the two-sided graph).

Hence, our TSA confirmed that conducting other studies in
this field cannot be recommended because they are very unlikely
to change the current scenario. Unlike the EMA statement, we
confirmed that PUFAs granted a small but significant benefit in
these settings.

In our study, there are some limitations. First, we included
only RCTs. Therefore, we may have missed real-world data
or evidence from observational studies. In addition, the final
number of studies included in the meta-analysis was small
because of our inclusion criteria. For example, we decided to
exclude the REDUCE-IT trial due to a different dose of PUFAs
used in the experimental arm, and the JELIS trial because EPA
monotherapy was employed.

CONCLUSION

Omega-3 supplementation confirms its small benefit in both
primary and secondary prevention of CVDs. In this context, the
main recommendation arising from our results is that no further

Cabiddu MF, et al. Eur J Hosp Pharm 2022;29:134-138. doi:10.1136/ejhpharm-2020-002207 137
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trials are needed to better evaluate the efficacy of PUFAs. We
demonstrated, through a TSA, that enough studies on this topic
have already been conducted to reach a conclusion.

To our knowledge, this is the first meta-analysis combined
with a TSA that has so far been conducted about this topic.

In the 1990s, cumulative meta-analysis'’ was proposed as a
new methodological tool that described how the main result of
a meta-analysis (eg, the pooled OR or the pooled RR) evolves
as time (expressed as calendar years) passes. Thereafter, cumu-
lative meta-analysis has found poor acceptance in the scientific
community and has substantially be abandoned. In 2020, TSA
can be seen as a similar methodological tool, but its performance
is much better than that of cumulative meta-analysis.

What this paper adds

What is already known on this subject

» The effectiveness of omega-3 PUFAs in cardiovascular
diseases has been extensively investigated through both
observational trials and RCTs.

» There is still disagreement about the benefits of PUFAs
supplementation, particularly concerning their impact on hard
endpoints in both primary and secondary prevention of CVD.

What this study adds

» Meta-analysis showed a statistically significant reduction in
mortality related to cardiovascular issues. TSA suggested that
the superiority of PUFAs was demonstrated at a cumulative
number of 56,819 patients

» These results support the conclusion that conducting further
trials is unlikely to modify this scenario according to which
the benefits of PUFAs are small, but statistically significant.
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