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Abstract

The utility of fish oil supplements (FOS) in patients who survive an acute myocardial infarction 

(MI) remains controversial, with randomized trials showing less benefit than observational studies 

would suggest. The differences in the characteristics of MI patients who use FOS in routine 

clinical care are unknown, but may help explain this discrepancy. We utilized data from a 24-site 

registry study in which extensive information was available on 4340 MI patients at admission and 

1, 6, and 12 months post discharge. After excluding those using FOS at admission (n=651), who 

died before the 1-month follow-up visit (n=63), and those with missing data at 1 month (n=1228), 

2398 remained. Of them 377 (16%) started FOS within 1 month of their MI. We analyzed 53 

patient characteristics associated with FOS use. We observed differences (p<0.001) in 20 

demographic, socio-economic, treatment, disease severity and health status domains. FOS users 

were more likely than non-users to be white, married, financially secure, highly educated, and 

eating fish. They also had a higher ejection fraction at discharge, were more likely to have had in-

hospital percutaneous coronary interventions and were more likely to have participated in cardiac 

rehabilitation programs. FOS users were less likely to have a history of diabetes, alcohol abuse, 

stroke, MI and angina. In conclusion, post-MI patients who initiate FOS within 1 month of 

discharge in routine clinical practice differ substantially from those who do not. These differences 
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are strongly associated with a better post-MI prognosis and may illuminate several sources of 

unmeasured confounding in observational studies.
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1. Introduction

The use of fish oil supplements (FOS) for the prevention of coronary heart disease (CHD) 

events is controversial, with observational studies [1–4] and earlier randomized controlled 

trials (RCTs) [5, 6] demonstrating benefit, but with recent RCTs in patients in the post-

myocardial infarction (MI) setting showed no significant survival advantage with FOS [7, 8]. 

One potential explanation for this discrepancy is that, in observational studies, those subjects 

that use FOS, or regularly eat fish, are significantly different (i.e., healthier) than those that 

do not. While statistical adjustments are often performed in observational studies to control 

for such confounding, all of the relevant differences in patient characteristics, comorbidities, 

socio-economic status, concurrent treatments, etc. may not have been measured. It is 

therefore possible that it is not omega-3 fatty acid consumption, per sethat provides 

cardioprotection but a complex milieu of healthier behaviors for which omega-3 user serves 

as a marker for these healthcare characteristics. On the other hand, a substantial evidence 

base (including RCTs [9], biomarker-based prospective cohort studies [3, 4], experimental 

studies with intermediate endpoints[10–12], animal experiments [13], transgenic studies [14, 

15], etc.) suggests a beneficial role of omega-3 fatty acids in CHD risk reduction [16–18], 

and thus the improved outcomes associated with increased omega-3 fatty acid consumption 

in observational studies could, in fact, be due to increased in vivo levels of these nutrients.

Given that RCTs are the gold standard for proof of causal relations (especially for 

pharmaceuticals), and observational studies are better at defining the real-world 

effectiveness, reconciling the differences between these two study types on the efficacy of 

FOS is important [19]. A deeper understanding of potential differences between FOS users 

and non-users can help inform what data elements need to be collected in observational 

studies to minimize confounding. To date, little attention has been paid to defining the 

differences in patients and their treatments between users and non-users of FOS.

To address this gap in knowledge, and lay the foundation for future comparative 

effectiveness studies, we conducted a detailed comparison of numerous patient and 

treatment characteristics associated with FOS use after MI. We hypothesized that FOS users 

would be healthier, more financially secure and more aggressive in the use of secondary 

prevention, such as cardiac rehabilitation, than non-users. This study could help clarify 

potential confounders in observational studies of FOS and by identify important patient 

characteristics for adjustment for in future analyses.
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2. Methods and Materials

The Translational Research Investigating Underlying disparities in recovery from acute 

Myocardial infarction Patient Health status (TRIUMPH) study is a prospective MI registry 

of 24-centers across the United States that is unique in the breadth of patient characteristics 

it assessed. Enrollment occurred between April 2005 and December 2008. Among 4340 MI 

patients enrolled in TRIUMPH, charts were abstracted for medical history and processes of 

inpatient care. These data were supplemented with a detailed baseline interview that 

explicitly asked patients whether or not they used FOS at the time of their MI. Centralized 

follow-up interviews at 1 (6 and 12) months sought to quantify patients’ post-discharge care 

and outcomes, with a focus on their health status (symptoms, function, and quality of life) as 

well as FOS use [20]. In order to focus on the immediate initiation of FOS after MI, we 

compared the characteristics of those patients who started FOS between discharge and the 1-

month follow up interview. Accordingly, we excluded those who were taking FOS at the 

time of their MI (n=651), who died within 1 month (n=63), and who could not be contacted 

for the 1 month interview and hence were missing information on FOS status (n=1228). This 

resulted in a sample of 2398 patients with evaluable data (Figure 1). The 1-month time 

frame was selected because the benefits of omega-3 treatment appear to be greatest when 

started soon after an MI [2, 5].

2.1 Statistical Analysis

The primary analysis was to compare the differences in patient and treatment characteristics 

for users and non-users. This was performed using descriptive statistics (means, standard 

deviations and frequencies), t-tests and linear trend tests for continuous variables, and Chi-

squares or Mantel-Haenszel trend tests for categorical variables. Differences in patient 

variables with a p-value <0.001 were considered statistically significant. All statistical 

analyses were performed using SAS Version 9.3 (SAS Institute, Cary, NC).

3. Results

Among the 2398 post-MI patients included in this study, 377 patients (16%) initiated FOS 

within 1 month of discharge (Figure 1). Patient characteristics of those who did and did not 

initiate FOS (n=2021) in that time frame are shown in Tables 1–3. Among the demographic 

and socioeconomic factors (Table 1), FOS users were more likely to be married, white, and 

they tended to be about 1.5 years younger. They had better socio-economic status, were 

more likely to be highly educated, employed full-time and to have money left over at the end 

of the month. They also tended to be better insured. For the disease severity and risk factors/

health status factors (Table 2), those who initiated FOS use after discharge were more likely 

to have had an ST-elevation MI. Their Global Registry of Acute Coronary Events (GRACE) 

score [21] was lower (indicating a better predicted prognosis), and they had higher left 

ventricular ejection fractions. The Canadian Cardiology Society Class did not differ between 

groups. Serum high density lipoprotein cholesterol was lower and triglycerides were higher 

in the FOS users. There were marginally significant differences in systolic and diastolic 

blood pressure (both higher in the FOS users), and creatinine was slightly lower. FOS users 

also had higher scores on the physical component of the Short Form12v2 and were more 
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likely to report eating omega-3 fatty acid-rich fish. Notable similarities between the groups 

included low density lipoprotein cholesterol levels, depression scores, body mass index, 

heart rate and smoking habits. Finally, treatment status and medical history differences are 

shown in Table 3. FOS users were much more likely to have had in-hospital percutaneous 

coronary intervention and to have participated in cardiac rehab programs post discharge. 

Overall compliance with prescribed medications was not different between groups. In terms 

of medical histories, the FOS users were less likely to have had angina, a prior MI, a stroke, 

diabetes and chronic kidney disease. They were also fewer patients who admitted to alcohol 

abuse. Marginal differences (p<0.02) were seen for being on a statin at discharge or on 

dialysis on arrival; having a history of hypertension, peripheral vascular disease, coronary 

artery bypass graft surgery, cocaine use; and the use of oxygen at home.

4. Discussion

As hypothesized, we found numerous differences between the patients who did and did not 

start FOS after their MI, most of which would be associated with a better post-MI prognosis. 

Among these would be better socioeconomic status and histories of less cardiovascular and 

metabolic diseases among the FOS users, more participation in cardiac rehabilitation 

programs, and more common consumption of oily fish. Lower GRACE scores and better left 

ventricular ejection fractions are also associated with better prognoses. Demographically, 

users were likely to be white, married, and to be more secure financially. All of these factors 

(and likely others associated with these that were not assessed) would argue that patients 

who start FOS post MI are simply “healthier” or “better off” than those who do not. Some of 

the group differences were not so clearly in favor of the FOS users, however. The users were 

more likely to have an in-hospital revascularization procedure and to have suffered ST-

elevation MIs, both of which might suggest more severe disease. They were more likely to 

be men, who at least in their late 50s, are more likely to suffer cardiovascular events than 

women (which, if men believed themselves to be at greater risk, might explain increased 

usage of FOS presuming them to be helpful.) Although blood pressure tended to be lower in 

users, so were serum high density lipoprotein cholesterol levels while triglyceride levels 

were somewhat higher. To this last point, elevated triglycerides is one of the most common 

indications for taking omega-3 fatty acids, thus some patients may have become users in 

hopes of lowering their triglyceride levels.

In light of the discrepancies between RCTs (where baseline differences are minimized by 

randomization) and observational studies with FOS regarding prognosis after acute MI, the 

goal of this study was to carefully define the differences between patients who did and did 

not start taking FOS within 1 month of their MI. We focused upon early FOS use, within a 

1-month window, because previous reports suggested that post-MI patients who started FOS 

within 1 month had better cardiovascular and mortality outcomes than patients who waited 

longer or never started FOS [2]. Moreover, early treatment with omega-3 fatty acids was 

associated with reduced risk for sudden death and total mortality in the GISSI-Prevenzione 

Study [5] (but not in a later study [7]). Clarifying whether FOS use is a marker for other 

patient characteristics associated with a favorable prognosis is essential in designing and 

interpreting future observational research studies focused on the effectiveness of FOS use.
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Previous reports of the relations between omega-3 fatty acid intakes or biomarker levels and 

disease have included data on baseline differences in patient characteristics across the span 

of omega-3 exposures. A sampling of studies examining the relations between omega-3 fatty 

acid exposure and CHD that also presented data on patient characteristics as a function of 

exposure is enlightening (Table 4). Common factors associated with higher fish intakes/

omega-3 levels are intakes of fruits, vegetables, and alcohol, and physical activity and 

education. Higher red blood cell omega-3 levels were associated with more favorable socio-

economic status [22] and lower intakes of fast food [23]. Inverse associations are frequently 

reported for the intake of trans and saturated fats and smoking [23–26]. These factors, in and 

of themselves, could render individuals with higher omega-3 intakes/levels at reduced risk 

for CHD.

The conflicting conclusions from observational studies (that have commonly observed 

morbidity and mortality benefits associated with higher omega-3 fatty acid intakes/levels [2–

4, 27]) and RCTs (which recently have not [9]) may have several explanations. On the one 

hand, the RCTs may have enrolled particularly compliant patients with higher than expected 

background dietary intakes of omega-3 fatty acids. Other factors could be modern 

concurrent drug therapy (e.g., omega-3 fatty acids may be more effective in patients not on 

statins vs those being treated [28]), low doses of omega-3 fatty acid supplements (which are 

unlikely to have achieved a therapeutic omega-3 index [29–31]), the potentially poor 

absorption of ethyl esters used in most RCTs [32], short durations of treatment, use of 

combined endpoints, and inclusion of older patients with pre-existing disease [33–35]. [Two 

major RCTs are currently underway using four-fold higher doses of omega-3 fatty acids; 

these may help address some of these weaknesses: REDUCE-IT (NCT01492361) and 

STRENGTH (NCT02104817)]. On the other hand, the observational studies may have failed 

to measure the myriad of potential confounders detected here, such that their statistical 

attempts to control for confounding was incomplete. (A sample of the covariates included in 

past studies is provided in Table 4).

Our findings should be interpreted in the context of several potential limitations. First, it is 

likely that, despite our extensive abstraction of clinical details and our detailed patient 

interviews, there were still other differences that were not captured in this investigation. 

Another important limitation was the lack of any information (including FOS status) 

between discharge and 1 month for patients who died or who could not be contacted for the 

1-month follow-up interview. We also had only limited dietary information (e.g. fish 

consumption), which may have identified other eating habits that differed between the 

groups. Variations in diet can have a marked effect on risk for death in a population with 

CHD [36, 37]. Nevertheless, these limitations are offset by strengths including a broad range 

of patient variables, the use of data from 24 clinical centers, and the inclusion of all post-MI 

patients.

In conclusions, our findings document the many health-related differences between patients 

who initiate FOS post MI and those who do not. Several prior observational studies did not 

control for the depth and breadth of patient characteristics measured here, and this omission 

may, at least in part, explain the differences between their findings and those of RCTs. 
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Future observational studies should collect and adjust for all relevant variables potentially 

related to the outcomes under study.
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Figure 1. 
Study Flow Chart. (FOS, Fish Oil Supplementation)

Harris et al. Page 9

Nutr Res. Author manuscript; available in PMC 2017 March 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Harris et al. Page 10

Table 1

Differences in demographic and socioeconomic variables between post-myocardial infarction patients who did 

or did not start taking fish oil supplements within 1 month of discharge

Reported fish oil use at 1 month post

P-Value Missing
Yes

n = 377
No

n = 2021

Demographic

Age (yrs) 58.0 ± 11.2 59.5 ± 12.3 0.034

Marital status < 0.001 0.2%

   Married 236 (62.9%) 1046 (51.8%)

   Divorced 61 (16.3%) 351 (17.4%)

   Separated 15 (4.0%) 91 (4.5%)

   Widowed 21 (5.6%) 254 (12.6%)

   Single 39 (10.4%) 231 (11.4%)

Male Sex 272 (72.1%) 1303 (64.5%) 0.004

Race < 0.001 0.3%

   White/Caucasian 316 (83.8%) 1348 (67.0%)

   Black/African-American 49 (13.0%) 511 (25.4%)

   Other 12 (3.2%) 154 (7.7%)

Socioeconomic

Work for pay < 0.001 1.0%

   No, 1 don't currently work for pay 142 (38.2%) 1066 (53.2%)

   Yes, work full time 197 (53.0%) 754 (37.7%)

   Yes, work part-time 33 (8.9%) 182 (9.1%)

Has insurance 323 (85.7%) 1613 (79.8%) 0.008

Finances at the End of the Month < 0.001

   Some money left over 200 (53.1%) 859 (42.5%)

   Just enough to make ends meet 130 (34.5%) 737 (36.5%)

   Not enough to make ends meet 47 (12.5%) 425 (21.0%)

Education < 0.001 0.5%

   High school education 330 (88.0%) 1570 (78.1%)

   Some college/vocational school 140 (37.3%) 571 (28.4%)

   Graduated from college 53 (14.1%) 255 (12.7%)

   Post-graduate degree 34 (9.1%) 155 (7.7%)
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Table 2

Differences in disease severity and risk factors/health status variables between post-myocardial infarction 

patients who did or did not start taking fish oil supplements within 1 month of discharge

Reported fish oil use at 1 month

P-Value Missing
Yes

n = 377
No

n = 2021

Disease Severity

ST-segment elevation myocardial infarction 229 (60.7%) 859 (42.5%) < 0.001

GRACE 6m Mortality Risk Score 93.9 ± 25.7 101.4 ± 29.7 < 0.001

Ejection Fraction (%) 51.5 ± 11.1 48.6 ± 13.1 < 0.001 14.0%

Canadian Cardiology Society Class 0.79

   0 No angina with any level of activity 206 (54.6%) 1180 (58.4%)

   I Ordinary physical activity does not cause angina 70 (18.6%) 282 (14.0%)

   II Slight limitation of ordinary activity 58 (15.4%) 310(15.3%)

   III Marked limitation of ordinary physical activity 29 (7.7%) 170 (8.4%)

   IV Inability to carry on any physical activity without discomfort 14 (3.7%) 79 (3.9%)

Risk Factors/Health Status

Serum lipids (mmol/L)*

   HDL-Cholesterol 1.02 ± 0.33 1.10 ± 0.37 < 0.001 7.0%

   LDL-Cholesterol 2.74 ± 1.01 2.70 ± 1.07 0.511 9.5%

   Total Cholesterol 4.69 ± 1.44 4.53 ± 1.09 0.032 6.4%

   Triglycerides 2.13 ± 3.10 1.65 ± 1.90 < 0.001 7.0%

Patient Health Questionnaire-9 Depression Score 5.0 ± 4.9 5.1 ± 5.4 0.663 6.3%

Body Mass Index (kg/m2) 30.1 ± 6.3 29.5 ± 6.4 0.098 4.7%

Heart Rate (beats per minute) 80.4 ± 21.4 82.9 ± 22.8 0.054 0.4%

Systolic Blood Pressure (mm Hg) 146.5 ± 30.6 142.4 ± 30.6 0.017 0.5%

Diastolic Blood Pressure (mm Hg) 85.3 ± 18.1 82.8 ± 19.2 0.022 0.6%

Creatinine (mg/dL) 1.1 ± 0.5 1.2 ± 1.0 0.021 0.2%

Short form-12v2 Mental Component Score 51.0 ± 10.1 49.9 ± 11.5 0.075 4.5%

Short form-12v2 Physical Component Score 44.9 ± 11.5 42.4 ± 12.3 < 0.001 4.5%

How active during leisure time 0.001 0.8%

   Mainly sedentary 128 (34.3%) 923 (46.0%)

   Mild to moderate exercise 228 (61.2%) 1005 (50.1%)

   Strenuous exercise 17 (4.6%) 77 (3.8%)

Smoking Status 0.425 0.8%

   Current (<30d) 140 (37.9%) 826(41.1%)

   Former (>30d) 128 (34.7%) 643 (32.0%)

   Never (or <100 total) 101 (27.4%) 540 (26.9%)

Frequency of eating tuna/non-fried fish < 0.001 2.6%

   Less than once a month 86 (23.1%) 635 (32.4%)

   1–3 times a month 100 (26.9%) 612 (31.2%)

   1–2 times a week 139 (37.4%) 588 (30.0%)
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Reported fish oil use at 1 month

P-Value Missing
Yes

n = 377
No

n = 2021

   3–4 times a week 40 (10.8%) 113 (5.8%)

   5 or more times a week 7 (1.9%) 14 (0.7%)

Frequency of eating fast food < 0.001 1.2%

   Less than once a month 96 (25.7%) 750 (37.6%)

   1–3 times a month 104 (27.9%) 556 (27.9%)

   1–2 times a week 93 (24.9%) 390(19.6%)

   3–4 times a week 53 (14.2%) 172 (8.6%)

   5 or more times a week 27 (7.2%) 126 (6.3%)

*
Most recent chart value within the last year
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Table 3

Differences in treatment and medical history variables between post-myocardial infarction patients who did or 

did not start taking fish oil supplements within 1 month of discharge

Reported fish oil use at 1 month post

P-Value Missing
Yes

n = 377
No

n = 2021

Treatment 3.1%

Statin at Discharge 348 (92.3%) 1776 (87.9%) 0.013

In-Hospital Percutaneous Coronary Intervention 305 (80.9%) 1309 (64.8%) < 0.001

Participated in Cardiac Rehabilitation Program 189 (52.4%) 477 (24.3%)
< 0.001

  Missing 16 61

Compliance with Prescriptions in the Past Month 11.1%

    All of the time (100%) 272 (85.8%) 1618 (89.4%)

    Nearly all of the time (90%) 39 (12.3%) 155 (8.6%)

    Most of the time (75%) 3 (0.9%) 23 (1.3%) 0.216

    About half the time (50%) 3 (0.9%) 7 (0.4%)

    Less than half the time (<50%) 0 (0.0%) 6 (0.3%)

  Missing 60 212

Medical History

Family history of Coronary Artery Disease 285 (77.0%) 1454 (72.5%) 0.072

Atrial Fibrillation 10 (2.7%) 95 (4.7%) 0.074

Chronic Heart Failure 18 (4.8%) 156 (7.7%) 0.043

Dyslipidemia 195 (51.7%) 971 (48.0%) 0.19

Hypertension 228 (60.5%) 1350 (66.8%) 0.018

Peripheral Vascular Disease 11 (2.9%) 109 (5.4%) 0.043

Angina 30 (8.0%) 318 (15.7%) < 0.001

Myocardial Infarction 40 (10.6%) 428 (21.2%) < 0.001

Percutaneous Coronary Intervention 54 (14.3%) 372 (18.4%) 0.057

Coronary Artery Bypass Graft 24 (6.4%) 225 (11.1%) 0.005

Inplantable Cardioversion Defibrillator 4 (1.1%) 31 (1.5%) 0.482

Stroke 4 (1.1%) 109 (5.4%) < 0.001

Transient Ischemic Attack 6 (1.6%) 52 (2.6%) 0.255

Alcohol Abuse 16 (4.2%) 221 (10.9%) < 0.001

Cancer 29 (7.7%) 152 (7.5%) 0.908

Depression RequringTreatment 23 (6.1%) 157 (7.8%) 0.259

Diabetes 78 (20.7%) 608 (30.1%) < 0.001

Cocaine Use 10 (2.7%) 112 (5.5%) 0.019

Other Illlicit Drug Use 8 (2.1%) 74 (3.7%) 0.131

Chronic Kidney Disease 7 (1.9%) 144 (7.1%) < 0.001

Dialysis on Arrival 1 (0.3%) 32 (1.6%) 0.044

Chronic Lung Disease 21 (5.6%) 162 (8.0%) 0.101

Home Oxygen 0 (0.0%) 31 (1.5%) 0.016
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Reported fish oil use at 1 month post

P-Value Missing
Yes

n = 377
No

n = 2021

Sleep Apnea 10 (2.7%) 54 (2.7%) 0.983
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Table 4

Variables associated with omega-3 fatty acid intake and/or blood levels in prior studies

First author N-3 Fatty Acid
Exposure

Variables

Directly Inversely

Present Study Initiation offish oil supplementation within 1 
month post-myocardial infarction

Married, male sex, education, health 
insurance, full-time employment, an 
income meeting needs, ST-elevation 
myocardial infarction, GRACE 
score[21], left ventricular ejection 
fraction, serum triglycerides, physical 
fitness, in-hospital angioplasty, non-
fried fish consumption, and 
participation in cardiac rehabilitation

White race; high density 
lipoprotein cholesterol; a 
history of myocardial 
infarction, coronary artery 
bypass graft, angina, stroke, 
diabetes, chronic kidney 
disease, and alcohol abuse

Bell [26] EPA+DHA intake
Male sex; education; physical activity; 
intake of fruits, vegetables, energy, and 
alcohol.

Hormone replacement therapy; 
intake of saturated and trans fats

Miyagawa [38] Long chain n-3 fatty acid intake Age; rural residence; intake of sodium Intake of energy, fat, n-6 
polyunsaturated fatty acids

Engeset [39] Fish consumption
Age; BMI; physical activity; smoking 
[men]; intake of energy, fruits, 
vegetables, alcohol (men), meat

University degree

Mozaffarian [3]

Plasma phospholipid EPA Education; alcohol, fish, fruit and 
vegetable intake

Meat consumption, age, male 
sex

Plasma phospholipid DHA Education; fish, fruit and vegetable 
intake

Meat consumption, white race, 
smoking

Otto [24] Plasma phospholipid DHA+DPA+EPA
Age; education; physical activity; lipid 
medication use; intake of fruits, 
vegetables, carbohydrates, protein

Smoking; BMI; intake of 
saturated and trans fats

Nishizaki [40] Serum EPA/AA ratio
Age; male sex; # of CHD risk factors; 
use of anti-platelet agents and calcium 
channel blockers

Diabetes

Wennberg [25] Fish intake (< vs. > 3 servings/wk.) Age; physical activity; education; 
intake of fruits, vegetables, and wine

Smoking (men)

Salisbury [23] Erythrocyte EPA+DHA Age; education; financial security; and 
non-fried fish intake

White race; smoking; fast food 
intake; history of coronary 
artery bypass surgery, 
congestive heart failure

Abbreviations: CHD, coronary heart disease; EPA, eicosapentaenoic acid; DPA, docosapentaenoic acid; DHA, docosahexaenoic acid; AA, 
arachidonic acid.
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