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Abstract

Background: It is unclear whether race and type 2 diabetes (T2D) modulate the effects of 

omega-3 supplementation on the incidence of heart failure (HF). Our primary aim was to evaluate 

whether prevalent T2D modifies the effects of omega-3 supplementation on HF hospitalization. 

Our secondary aim was to examine if race modifies the effects of omega-3 supplements on HF 

risk.

Methods: In this ancillary study of the parent VITAL – a completed randomized trial testing the 

efficacy of vitamin D and omega-3 fatty acids on cardiovascular diseases and cancer, we assessed 
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the role of T2D and race on the effects of omega-3 supplements on incidence of HF hospitalization 

(adjudicated by review of medical records and supplemented with query of Centers for Medicare 

and Medicaid Services data).

Results: Comparing omega-3 supplements with placebo, hazard ratio (95% CI) for first HF 

hospitalization was 0.69 (0.50- 0.95) in participants with prevalent T2D and 1.09 (0.88-1.34) 

in those without T2D, p for interaction 0.019. Furthermore, prevalent T2D modified the effects 

of omega-3 fatty acids on incidence of recurrent HF hospitalization [HR=0.53 (0.41-0.69) in 

participants with prevalent T2D vs. 1.07 (0.89-1.28) in those free of T2D, p interaction <0.0001]. 

In our secondary analysis, omega-3 supplementation reduced recurrent HF hospitalization only in 

Black participants (p interaction race x omega-3: 0.0497).

Conclusions: Our data showed beneficial effects of omega-3 fatty acid supplements on 

incidence of HF hospitalization in participants with T2D but not in those without T2D and such 

benefit appeared to be stronger in Blacks with T2D.
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Introduction

About 6.2 million Americans live with heart failure (HF) and it is estimated that HF 

prevalence will reach 8 million by 20301. Among older adults, HF is one of the leading 

causes of hospitalization in the US2,3 and is associated with high costs and high mortality1. 

Although data from the Olmsted County showed that among HF patients, 83% will be 

re-hospitalized at least once and 67% at least twice, most prior clinical trials have focused 

on initial HF hospitalization4. Emerging trial data on the effects of marine omega-3 fatty 

acids on the incidence of HF remain scarce and inconsistent. In particular, few trials 

have enrolled adequate number of Black participants to allow assessment of efficacy of 

omega-3 supplements by race/ethnicity. While the Risk and Prevention Study5 reported a 

33% reduction (95% CI: 13%-48%) in first HF hospitalization comparing 1g/d of marine 

omega-3 fatty acids with olive oil placebo among Italians, other trials reported no benefits 

of marine omega-3 fatty acid supplements on HF incidence6-10. Our group has previously 

reported a reduction in recurrent but not initial HF hospitalization with marine omega-3 fatty 

acid supplements among participants of the VITamin D and OmegA-3 TriaL (VITAL)11.

Underlying reasons for heterogeneity across clinical trials assessing the effects of marine 

omega-3 fatty acids on HF hospitalization have not been fully elucidated. Although type 

2 diabetes mellitus (T2D) is a major risk factor for HF12-14 and might modify the effects 

of marine omega-3 fatty acids on HF incidence, no previous study has considered the role 

of race/ethnicity in assessing the interaction of T2D with omega-3 supplements on initial 

and recurrent HF hospitalization. With the exception of VITAL that enrolled 5,087 Black 

participants, most other trials enrolled a small percentage of Black participants [i.e., n=346 

Blacks in the STRENGTH trial9 and <10% Blacks in REDUCE-IT6]. Lastly, the parent 

VITAL trial reported greater reduction in myocardial infarction with omega-3 fatty acid 

supplements among Blacks and participants with T2D15. Hence, the current analysis of 
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VITAL-HF ancillary study sought to test the hypothesis that supplementation with 1g/d 

of marine omega-3 fatty acids versus placebo has a greater effect on reducing initial and 

recurrent HF hospitalization among people with T2D than those without T2D among VITAL 

participants. In a secondary analysis, we examined whether race (Black vs. White) modified 

the effects of marine omega-3 supplements on both initial and recurrent HF hospitalization.

Methods

VITAL-HF is an ancillary study of the parent VITAL trial, a completed randomized, 

double-blind, placebo-controlled trial with a two-by-two factorial design16. The main trial’s 

objectives were to examine the efficacy and risks of 2000 IU per day of vitamin D3 

(cholecalciferol) and 1 gram per day of marine omega-3 fatty acids [capsule containing 

840 mg of n-3 fatty acids including 460 mg of EPA and 380 mg of docosahexaenoic acid 

(DHA)] for the prevention of cardiovascular disease and cancer from 2011 to 2017. Detailed 

description of the VITAL design and main results have been published previously15,16. Of 

the 25,871 persons randomized into parent VITAL, 36 participants with prevalent HF were 

excluded from our primary outcome analyses. Each participant signed informed consent 

and the study protocol was approved by the Institutional Review Board of Brigham and 

Women’s Hospital. The primary aim of the VITAL-HF ancillary study was to assess the 

effects of vitamin D and omega-3 supplements on the incidence of HF hospitalization and a 

secondary aim sought to examine potential effect modification by HF risk factors including 

T2D.

Ascertainment of HF

We considered the first hospitalization for HF after randomization as the primary outcome 

in 25,835 participants free of HF at randomization. Recurrent hospitalization for HF was 

considered a secondary outcome (n=25,871). A detailed description of HF ascertainment in 

VITAL-HF has been published11.

Other important variables

Information on demographics, comorbidity, lifestyle factors, and medication was initially 

obtained at baseline.

Statistical analysis

We computed person-time of follow up from randomization until the first occurrence of HF 

hospitalization, death, or end of the trial on December 31, 2017. We used Cox proportional 

hazards models to calculate hazard ratios and 95% CI for the primary outcome , stratified 

by prevalent T2D, controlling for stratification factors age, and sex, and randomization 

to vitamin D using the intention-to-treat approach. Cumulative incidences were plotted 

and tested using log rank test. We used the product term between T2D and omega-3 

supplement in the Cox regression to evaluate interaction. For the secondary outcome, we 

used the Andersen-Gill model17, which allows for varying numbers of events per person 

with different time between events. In secondary analysis we evaluated effect modification 

by race (Black vs. White). All analyses were performed using SAS 9.4. Alpha level of 0.05 

and 2-tailed test.
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Results

Overall, the mean age at randomization was 67.1 (SD=7.1) years; 50.6% were women; 

71.3% were non-Hispanic White, 20.2% were Black. The overall prevalence of T2D was 

14% (24% in Blacks and 10% in Whites), and mean body mass index was 28.1 (SD=5.7) 

kg/m2 (Table 1).

Prevalent T2D, omega-3 fatty acid supplements, and HF hospitalization

During a median person-time of follow-up of 5.3 years (range: 0 to 6.1 years), the primary 

endpoint of first HF hospitalization occurred in 65 out of 1784 participants with T2D 

assigned to omega-3 (3.6%) and 90 out of 1738 participants with T2D assigned to placebo 

(5.2%) [hazard ratio 0.69 (95% CI: 0.50-0.95)], adjusting for age, sex, and vitamin D 

assignment (Table 2 and Central Illustration). Corresponding hazard ratio (95% CI) for 

participants free of T2D at baseline was 1.09 (0.88-1.34), Table 2 and Central Illustration. 

The p value for interaction between T2D and omega-3 fatty acid supplementation was 0.019. 

For recurrent HF hospitalization, we also observed evidence for effect modification by T2D 

with stronger benefits of omega-3 fatty acids observed in T2D participants but no effect of 

omega-3 supplements on recurrent HF hospitalization in people without prevalent T2D (p 

for interaction <0.0001, Table 2).

Secondary analyses: Race and HF hospitalization

Supplementation with omega-3 fatty acids was not associated with initial HF hospitalization 

among Blacks [54 out of 2,538 in omega-3 vs. 62 out of 2,549 in placebo; HR: 0.87 (95% 

CI: 0.60-1.25)] or Whites [HR: 0.95 (95% CI: 0.77-1.18)], p interaction 0.60; in contrast, 

there was evidence for race x omega-3 interaction for recurrent HF hospitalization with 

benefits in Blacks [72 out of 2,621 in omega-3 vs. 109 out of 2,666 in placebo; HR: 

0.65 (95% CI: 0.49-0.88)] but not Whites [HR: 0.90 (95% CI: .75-1.08)], p interaction 

0.0497, Table 3. Among participants with prevalent T2D, the benefits of omega-3 fatty acid 

supplements on recurrent (but not initial) HF hospitalization were observed in Blacks [HR: 

0.46 (95% CI: 0.30-0.70)] as well as Whites [HR: 0.65 (95% CI: 0.45-0.92)], supplemental 

Table 1. In exploratory analyses, there was no evidence for 3-way interaction across 

T2D, fish consumption, and omega-3 supplements or race, fish consumption, and omega-3 

supplements for initial or recurrent HF hospitalization (all p >0.05).

Discussion

Main findings

In this post-hoc analysis of a large randomized clinical trial, we found evidence for a 

statistically significant interaction between prevalent T2D and supplementation with 1g/d of 

omga-3 fatty acid on the incidence of HF hospitalization. Among participants with T2D, 

supplementation with omega-3 fatty acids led to a 31% [95% CI: 5-50%] reduction of initial 

HF hospitalization and 47% [95% CI: 31-59%] reduction of recurrent HF hospitalization 

compared to placebo. In contrast, there were no benefits of omega-3 fatty acid supplements 

on incidence of HF hospitalization among participants without T2D. While omega-3 

supplements reduced the incidence of recurrent HF hospitalization only in Blacks in the 
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entire cohort, the reduction in recurrent HF hospitalization with omega-3 supplements was 

observed in both Black and White participants with T2D.

T2D as effect modifier of marine omega-3 supplementation on incident HF

Our findings of reduced incidence of initial HF hospitalization with omega-3 supplements 

in participants with T2D are (i) consistent with greater reduction in MI (a major risk factor 

for HF) with n-3 supplements among VITAL participants with T2D [HR=0.40 (95% CI: 

0.22-0.74)] compared to those without T2D [HR=0.80 (95% CI: 0.63-1.00)]15 and (ii) in 

line with data from the Risk and Prevention Study5 where intervention with 1g/d of omega-3 

fatty acids led to a 33% reduction [95% CI: 13-48%] in HF hospitalization compared to 

olive oil placebo among 12,513 Italian adults, 60% of whom had T2D at baseline. In 

contrast, the ASCEND trial reported no benefit of 840 mg/d of EPA/DHA supplements on 

non-fatal HF [HR: 0.81 (95% CI: 0.60-1.10)] among 15,480 participants with diabetes (94% 

with T2D)7. Furthermore, the ORIGIN trial that enrolled 12,536 participants with T2D, 

impaired glucose tolerance or impaired fasting glucose showed no benefit of EPA/DHA 

(1g/d) on incidence of HF hospitalization (HR: 1.02 (95% CI: 0.88-1.19)]8. In the 

STRENGTH trial9 with 70% of 13,078 participants diagnosed with diabetes, intervention 

with 4g/d of omega-3 fatty acids had no effects on initial HF hospitalization [HR: 1.12 

(95% CI: 0.88-1.42)]. It is also important to note that the STRENGTH trial9 included both 

urgent outpatient visit for HF and HF hospitalization in their outcome. Lastly, the REDUCE 

IT trial6 (58% T2D participants) and the OMEMI trial10 (21% T2D participants) showed 

no benefits of omega-3 fatty acid intervention on HF hospitalization compared to placebo. 

The inconsistency of findings on the effects of EPA/DHA on HF in people with T2D 

merits additional investigation in future clinical trials. As to underlying biologic mechanisms 

that could explain observed benefits of omega-3 supplements on HF in people with T2D, 

our working hypothesis is that omega-3 supplements reduce serum advanced glycation 

end-products18 that accelerate the development and worsening of HF and improved insulin 

sensitivity19 in people with T2D. However, our working hypothesis merits further evaluation 

in future mechanistic studies.

Race as potential modifier of the effects of marine omega-3 supplements on incident HF

The reduction in rates of recurrent HF hospitalization in Blacks but not Whites in the current 

study is consistent with reported greater reduction in MI with n-3 supplements among 

Blacks [HR=0.23 (95% CI: 0.11-0.47)] but not Whites [HR: 0.93 (95% CI: 0.73-1.18)] in 

VITAL15. Our study is the first large study to focus on the role of race as potential effect 

modifier of omega-3 supplements on HF incidence. A lack of enrollment of an adequate 

number of Black participants in previous large clinical trials prevents us from comparing 

our results to any previous data. For example, the STRENGTH trial9 enrolled only 2.6% 

(n=346) Black participants while other large randomized trials including REDUCE-IT6, 

OMEMI10, and ASCEND7 enrolled 90% or more White participants. The paucity of data on 

the efficacy of marine omega-3 supplements on incidence of HF as well as cardiovascular 

disease in Blacks underscores the need for future trials to assess the efficacy of omega-3 

supplements among Blacks, who are at risk of developing HF due to high prevalence of Hf 

risk factors (i.e., obesity, hypertension, and T2D)1.
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Limitations and strengths

Limitations of the current study include insufficient statistical power to evaluate the 

interaction of T2D with omega-3 fatty acids on HF with preserved vs. reduced ejection 

fraction. Of the 106 confirmed HF cases via review of medical records, only 101 had 

echocardiographic data on ejection fraction in their medical records to subclassify HF with 

preserved (n=48) or reduced (n=53) ejection fraction. It is possible that we missed some 

hospitalizations due to HF, especially fatal ones; however, the use of the CMS database 

to capture unreported HF on annual follow up questionnaires helped to mitigate this 

limitation. It is possible that some of the HF events identified via CMS were misclassified; 

however, such misclassification is likely to be non-differential because of randomization 

and would bias the results towards the null (no effect of either intervention on HF rate). 

Given the paucity of data on effect modifiers of omega-3 supplements on HF incidence 

in the literature, our findings should be considered as hypothesis generating for future 

randomized trials. Lastly, although the use of sodium glucose co-transporter-2 inhibitors 

(SGLT2i) has been shown to reduce HF incidence20,21 among T2D, it is less likely that 

SGLT2i played any role in the observed interaction by T2D given the balanced distribution 

of medications including hypoglycemic agents between omega-3 and placebo groups in 

VITAL22. Nonetheless, our study has numerous strengths including novel investigation 

of potential effect modification of the effects of omega-3 fatty acids on both initial and 

recurrent HF hospitalization by T2D in a large and multi-ethnic cohort; standardized 

methods to adjudicate HF hospitalization; and randomization with double-blinding to 

eliminate confounding by known and unknown factors.

Conclusions

Our data provide evidence in support of beneficial effects of marine omega-3 supplements 

on incidence rate of both initial and recurrent HF hospitalization among participants with 

T2D. Our secondary findings of benefits of marine omega-3 supplements on HF risk among 

Blacks merit further investigation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CMS Centers for Medicare and Medicaid Services

EPA Eicosapentaenoic acid

DHA Docosahexaenoic acid

HF Heart failure
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Clinical perspectives:

While omega-3 fatty acid supplements might reduce the risk of HF risk factors and HF 

hospitalization in general, it is less clear whether patients with T2D may benefit more 

that non-diabetic patients from omega-3 fatty acid supplements. Furthermore, the paucity 

of trial data among Blacks is an important gap to address. In this study, we found that 

supplementation with omega-3 fatty acids reduced the incidence of HF hospitalization, 

especially among patients with T2D and Blacks. If confirmed by future trials, these 

findings could help clinicians improve management and prevention of HF in subgroups 

of high-risk patients.
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Translational outlook:

While promising, our findings do not address the question of adequate dose of omega-3 

fatty acid supplements, nor whether EPA is equally effective as DHA. Furthermore, no 

previous study has examined the efficacy of omega-3 fatty acid supplements on HF 

with preserved versus reduced ejection fraction. Future clinical trials should address 

these important gaps that are critical for informed and appropriate use of omega-3 

supplementation for effective management of HF.
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Central Illustration: Cumulative Incidence rate of heart failure
Cumulative incidence rates of first heart failure hospitalization (combined confirmed cases 

and cases identified via CMS), according to year of follow-up and randomization to n-3 fatty 

acids (blue) versus placebo (red) in people with T2D (panel A) or without T2D (panel B)
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