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ABSTRACT

The effect of omega-3 supplementation on cardiovascular (CV) disease has been widely
studied in several large clinical trials. However, the evidence of the effect of omega-3
supplementation in patients with heart failure (HF) remains controversial. This meta-analysis
investigated the effects of omega-3 supplementation on patients with HF. We conducted

a literature search on MEDLINE, Embase, and Cochrane databases for clinical trials and
preprints of relevant articles. Following a literature search and critical appraisal, 5 studies
were included in the meta-analysis. The pooling of the result of the studies shows that there
were no significant association between omega-3 supplementation and CV mortality (odds
ratio [OR], 0.94; 95% confidence interval [CI], 0.84-1.05, p=0.16) nor hospitalization due to
HF (OR, 0.94; 95% CI, 0.88-1.02; p=0.13). Our systematic review and meta-analysis showed
that omega-3 supplementation has no beneficial effect in patients with HF.

Keywords: Atherosclerosis; Cardiovascular disease; Omega-3 fatty acid; Secondary prevention

INTRODUCTION

Recently, the effect of omega-3 supplementation on cardiovascular (CV) health have been
widely investigated. The omega-3 effect on CV research dates back to an original study

that observed that the Inuit people in Greenland have a significantly lower rate of acute
myocardial infarction than Western participants.! Since then, there has been much research,
both clinical and molecular, on the effect of omega-3 on CV health.

Despite extensive clinical trials and research, the evidence for the omega-3 supplementation
on CV health is inconclusive. The most recent large-scale randomized clinical trial of
omega-3, Reduction of Cardiovascular Events with Icosapent Ethyl-Intervention Trial,
showed that high dose omega-3 supplementation (4 g of icosapent ethyl) significantly
reduced the risk of ischemic events, including CV death.? However, another trial, The Risk
and Prevention Study, shows that 1 g omega-3 supplementation did not significantly reduce
CV morbidity and mortality.?
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Clinical trials on the effect of omega-3 supplementation on heart failure (HF) are small and
inconclusive. The results of the Vitamin D and Omega-3 Trial-Heart Failure (VITAL-HF) trial*
shows a significant reduction in HF rehospitalization with marine omega-3 supplementation.
It has also been postulated that the beneficial effects of omega-3 supplementation on these
diseases are dose-dependent. Research has shown that high-dose omega-3 supplementation
significantly improves inflammatory biomarker levels in patients with HE.> Therefore, we
conducted a meta-analysis to study the effect of omega-3 supplementation on HF-related
mortality and hospitalization and whether the effect was dose-dependent.

MATERIALS AND METHODS

We searched the literature for eligible trials from three peer-reviewed databases (MEDLINE,
Embase, and Cochrane Library for Clinical Trials) and grey literature from 2 pre-prints
databases (medRxiv and SSRN), and ClinicalTrials.gov for unfinished clinical trials. For

the peer-reviewed databases, we used keywords as stated in Supplementary Table 1. For

the pre-print databases and ClinicalTrials.gov, we used the search terms “randomized
controlled trials,” “heart failure,” and “omega-3.” Two authors (BD and AMA) independently
screened the studies eligible for inclusion in the review. Disagreements were resolved
through discussion after both authors completed their preliminary search, and when
necessary, deliberation was conducted with a third author (AS). We included studies written
in English, randomized controlled trials conducted in patients with HF, using omega-3 as an
intervention, and reporting at least one of our primary outcomes: mortality, hospitalization,
or rehospitalization.

After a preliminary search, we extracted data from the full-paper articles regarding Trial
Name, Author, Year, Country, Study design, study population, sample size, follow-up
duration, primary outcome, and secondary outcomes. The data are presented in Table 1and
Supplementary Fig. 1.

After extraction, we conducted a risk-of-bias assessment using the Cochrane risk-of-bias
assessment for randomized controlled trials. The risk of bias was assessed based on 6
domains: 1) adequate sequence generation, 2) allocation concealment, 3) blinding, 4)
incomplete outcome data, 5) selective reporting of outcomes, and 6) any other bias. The risk
of bias was classified as good, poor, or fair, depending on the thresholds for converting the
Cochrane risk-of-bias tool to Agency for Healthcare Research and Quality Standards. The risk
of bias is summarized in the risk of bias table, available in Supplementary Fig. 2.

A meta-analysis was performed using RStudio version 2022.02.0. As there are differences
in the omega-3 dose, we conducted a meta-analysis using the random effects model, as we
expected different true effect sizes for different doses of omega-3. To pool the overall effect
size, we weighted each study by sample size using the Mantel-Haenszel method. We then
calculated the between-study heterogeneity using I? statistics. When I> was >50%, subgroup
analysis was conducted to investigate the source of heterogeneity (Supplementary Fig. 3).

We planned a subgroup analysis of studies that separated eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) treatments, but we did not find such a study. Additionally, the
included studies did not separate the types of HF; therefore, a preplanned subgroup analysis
for different types of HF was not conducted.
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RESULTS

We identified 259 records from the databases and 8 records from ClinicalTrials.gov. After
deduplication, 186 abstract records were screened for eligibility. A total of 177 articles were
excluded, and nine full-text articles were retrieved. Two of the research datasets were not
available because the principal investigator was uncontactable (n=1), and no interim data
were available for ongoing clinical trials (n=1). One study was not a randomized controlled
trial and was therefore excluded.® Another research was excluded because it did not meet

the inclusion criteria.’” Finally, five trials were included in this systematic review and meta-
analysis. The included studies are summarized in Table 1. Critical analysis results showed low
bias in three studies,*®° moderate bias in one study,'® and high bias in one study." A summary
of the critical analysis is provided in the Supplementary Table 1and Supplementary Figs. 1-3.

The result from Gruppo Italiano per lo Studio della Sopravvivenza nella Insufficienza
Cardiaca-Heart Failure (GISSI-HF) trial shows that in New York Heart Association (NYHA)
class II-1V patients, omega-3 supplementation resulted in reduction in CV mortality (hazard
ratio [HR], 0.90; 95% confidence interval [CI], 0.81-0.99; p=0.045) and hospitalization
(HR, 0.94; 95% CI, 0.88-1.00; p=0.049), but not in hospitalization for HF (HR, 0.94; 95%
CI, 0.86-1.02; p=0.14). VITAL-HF trial also reported lower recurrent hospitalization for HF
(HR, 0.86; 95% CI, 0.74-0.998; p=0.048), but not for single episode of HF hospitalization
(HR, 0.96; 95% CI, 0.80-1.14; p=0.61). Another trial that reported significant results was by
Nodari et al., showing that omega-3 supplementation significantly reduced hospitalization
for HF (omega-3 vs. placebo: 4 [5.9%] vs. 20 [30.3%]; p=0.0002). However, the Outcome
Reduction with an Initial Glargine Intervention (ORIGIN) trial® and Kojuri et al." reported
null results for CV mortality and hospitalization due to HF. Meta-analysis results show no
significant difference in CV mortality in patients with HF (odds ratio [OR], 0.94; 95% CI,
0.84-1.05; p=0.106). Fig. 1 shows forest plots for the included studies. There was no significant
heterogeneity among the studies (I*=0%; p=0.59).

Omega-3 supplementation also did not decrease the risk of hospitalization for patients with
HF (OR, 0.94; 95% CI, 0.88-1.02; p=0.13). There was significant heterogeneity in our study
(>=78%), which stemmed from a small trial® that has a significantly larger effect size for
hospitalization. When the study was omitted, the heterogeneity was reduced to low (>=4%),
while the effect size remained insignificant. A forest plot of hospitalizations is shown in Fig. 2.

Experimental Control Odds Ratio Odds Ratio
Study Events Total Events Total Weight MH, Random, 95% CI MH, Random, 95% CI
GISSI-HF 712 3494 765 3481 52.5%  0.91[0.81;1.02]
ORIGIN 574 6281 581 6255 47.4%  0.98[0.87; 1.11]
Kojuri 1 38 2 32 01% 0.41]0.04;4.69]
Total (95% CI) 9813 9768 100.0%  0.94 [0.81; 1.09] <
Heterogeneity: Tau? = 0; Chi? = 1.29, df = 2 (P = 0.52); I = 0% ' ' ' '
Test for overall effect: tp = -1.75 (P = 0.22) 0.1 051 2 10

Fig. 1. Mortality rate omega-3 compared with control.
GISSI-HF, Gruppo Italiano per lo Studio della Sopravvivenza nella Insufficienza Cardiaca-Heart Failure; ORIGIN,
Outcome Reduction with an Initial Glargine Intervention; MH, Mantel-Haenszel; Cl, confidence interval.
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Experimental Control Odds Ratio Odds Ratio

Study or Subgroup Pvents Total Bvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

GIS5I-HF 9ra 3444 995 3481 5049% 0.97 [0.88,1.08]

Modari 4 67 20 BB 1.3% 0,15 [0.05, 0.46]

QRIGIM 331 B2 320 B285%  21.8% 1.03 [0.88,1.21] B o

VITAL-HF 326 124833 379 12938 26.2% (.86 [0.74,1.00] bl

Total (95% CI) 22775 22740 100.0% 0.94 [0.88, 1.02] [

Total events 1639 1714

Heterogeneity, Chi*=13.42, df= 3P =0.004) F=78% 'IZI.D1 Df1 1'D 1DE|'

Testfor overall effect Z=153 (F=013)

Favours [experimental]l Favours [control]

Fig. 2. Hospitalization rate receiving omega 3 compared to control.
MH, Mantel-Haenszel; Cl, confidence interval; GISSI-HF, Gruppo Italiano per lo Studio della Sopravvivenza nella Insufficienza Cardiaca-Heart Failure; ORIGIN,
Outcome Reduction with an Initial Glargine Intervention; VITAL-HF, Vitamin D and Omega-3 Trial-Heart Failure.
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DISCUSSION

The aim of the present systematic review and meta-analysis was to analyze the effect of
omega-3 supplementation in patients with HF. Our meta-analysis results show that omega-3
supplementation did not significantly affect the CV mortality and hospitalization rate of
patients with HF. We included three large trials on this subject: the GISSI-HF, ORIGIN,

and VITAL-HF trials. One trial® reported a lower mortality in the omega-3 group, whereas
another® reported no difference in mortality. There was no source of heterogeneity in our
meta-analysis, indicating that the null effect size was similar across the studies.

The null result of our study can be explained by the mechanism of action of omega-3 in CV
disease. The most well-known effect of omega-3 is its triglyceride-lowering activity. Elevated
serum triglyceride levels are linked to inflammation, potentially affecting circulation in
the small blood vessels of the heart, which in turn may increase the likelihood of HF and
contribute to the development of plaques in the coronary arteries. Additionally, high
triglyceride levels are associated with being overweight or obese as well as diabetes, both
recognized as risk factors for ischemic heart disease and heart attacks, often resulting in
HF with a reduced ejection fraction.”? The ORIGIN Trial® showed that, despite no effect on
mortality and hospitalization in patients with HF, omega-3 supplementation significantly
lowered triglyceride levels in patients with HF. This does not necessarily reduce mortality
in patients with HF, as previous research has shown that triglycerides do not even have an
inverse correlation with HF mortality.”

Additionally, the evidence for omega-3 as an antiarrhythmic agent remains conflicting.
Existing evidence indicates that omega-3 polyunsaturated fatty acids (PUFAs) exhibit
antiarrhythmic effects by enhancing autonomic function, improving endothelial function,
decreasing blood pressure, exerting anti-inflammatory actions, regulating blood lipid levels,
reducing oxidative stress, and managing calcium overload and abnormal cardiac remodeling
(fibrosis). Nonetheless, the available data suggest that the therapeutic range of omega-3
PUFAs in countering arrhythmias is narrow. A recent meta-analysis of the effect of omega-3
on the prevention of atrial fibrillation shows that omega-3 supplementation increased the
risk of atrial fibrillation in a dose-dependent manner. This may explain the net zero effect on
mortality in patients with HF, as atrial fibrillation has been shown to increase the mortality
rate of patients with HF in previous studies.*

https://doi.org/10.12997/jla.2024.13.2.89 93
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A meta-analysis conducted by Wang et al. also revealed the effectiveness of omega-3 in
reducing brain natriuretic peptide (BNP) and serum norepinephrine in patients with HE. HF
is characterized by an overactive sympathetic nervous system and increased synthesis and
release of cardiac BNP. Elevated norepinephrine levels are known to correlate with higher
mortality rates in patients with HF. Furthermore, BNP levels are associated with increased
stress on the ventricular walls, and lower BNP levels are known to reduce wall stress, which
aligns with improvements in diastolic function. In addition, the plasma BNP or N-terminal
prohormone of brain natriuretic peptide (NT-proBNP) concentration serves as an indicator
of HF severity, increasing exponentially as the cardiac condition worsens. Wang et al.”” and
Linssen et al.’* demonstrated that doubling the NT-proBNP level is associated with a 22%

increase in all-cause mortality and a 16% increase in CV events.">"®

In terms of hospitalization, VITAL-HF* showed a lower rate of hospitalization for HF, while
other trials show there was no difference in hospitalization. The pooled effect size for our
meta-analysis showed a null effect of omega-3 supplementation on hospitalization risk.
However, it must be noted that the analysis of hospitalization due to HF in this study was an
ancillary analysis, meaning that the study might not have been designed to properly detect
such an effect size, which warrants further research in the field.

One excluded study® was a non-randomized controlled trial of 1,800 mg EPA in patients
with HF. The study results showed that EPA supplementation significantly improved the left
ventricular ejection fraction and increased event-free survival. However, it must be noted
that EPA supplementation in this study was only administered to patients with dyslipidemia,
subsequently causing differences in the baseline, which might have biased the study.
Therefore, further studies of EPA supplementation alone in patients with HF is warranted.

To the best of our knowledge, our study is the first to analyze the effect of omega-3 in
patients with HF. One meta-analysis examined the effect of omega-3 supplementation on
HE.” However, this meta-analysis included studies in which outcomes were associated with
HF in different diseases, such as acute coronary syndromes and cardiomyopathies, and

not exclusively in patients with HF. The meta-analysis showed that, although there was no
reduction in hospitalization and mortality rates, there was a lower rehospitalization rate for
HE. By contrast, our meta-analysis included studies conducted only on patients with HF.
However, the results of our meta-analysis were in accordance with those of a previous meta-
analysis, with no differences in hospitalization and mortality due to HF. It is also important
to note that our analysis on the risk of hospitalization does not specify whether it pertains to
first-time or recurrent hospitalization or whether it is caused by HF or other factors, as only
one trial differentiates between these categories.

This systematic review and meta-analysis had several limitations. First, there are not enough
studies with different doses of omega-3 to conduct a meta-regression, which could be
beneficial for understanding the dose-effect of omega-3 in patients with HF. Second, we
could not find any grey literature, which may have increased publication bias. However, the
trials included in our study had several null results, indicating that publication bias was
unlikely to influence our results. In conclusion, omega-3 supplementation at lower and
higher doses did not reduce mortality or hospitalization in patients with HF, and its usage

is not recommended. Future studies using higher doses of omega-3 supplementation in
patients with HF are warranted.
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