
Associations of Fish Consumption With Risk of Cardiovascular Disease
and Mortality Among Individuals With or Without Vascular Disease
From 58 Countries
Deepa Mohan, PhD; Andrew Mente, PhD; Mahshid Dehghan, PhD; Sumathy Rangarajan, MSc; Martin O’Donnell, MD, PhD; Weihong Hu, MSc;
Gilles Dagenais, MD; Andreas Wielgosz, MD, PhD; Scott Lear, PhD; Li Wei, PhD; Rafael Diaz, MD; Alvaro Avezum, MD, PhD;
Patricio Lopez-Jaramillo, MD, PhD; Fernando Lanas, MD, PhD; Sumathi Swaminathan, PhD; Manmeet Kaur, PhD; K. Vijayakumar, MD;
Viswanathan Mohan, MD, DSc; Rajeev Gupta, PhD; Andrzej Szuba, MD, PhD; Romaina Iqbal, PhD; Rita Yusuf, PhD; Noushin Mohammadifard, PhD;
Rasha Khatib, PhD; Khalid Yusoff, MBBS; Sadi Gulec, MD; Annika Rosengren, MD, PhD; Afzalhussein Yusufali, MD; Edelweiss Wentzel-Viljoen, PhD;
Jephat Chifamba, DPhil; Antonio Dans, MD, MSc; Khalid F. Alhabib, MBBS; Karen Yeates, MD; Koon Teo, MBBCh, PhD; Hertzel C. Gerstein, MD, MSc;
Salim Yusuf, MBBS, DPhil; for the PURE, ONTARGET, TRANSCEND, and ORIGIN investigators

IMPORTANCE Cohort studies report inconsistent associations between fish consumption,
a major source of long-chain ω-3 fatty acids, and risk of cardiovascular disease (CVD) and
mortality. Whether the associations vary between those with and those without vascular
disease is unknown.

OBJECTIVE To examine whether the associations of fish consumption with risk of CVD or of
mortality differ between individuals with and individuals without vascular disease.

DESIGN, SETTING, AND PARTICIPANTS This pooled analysis of individual participant data
involved 191 558 individuals from 4 cohort studies—147 645 individuals (139 827 without CVD
and 7818 with CVD) from 21 countries in the Prospective Urban Rural Epidemiology (PURE)
study and 43 413 patients with vascular disease in 3 prospective studies from 40 countries.
Adjusted hazard ratios (HRs) were calculated by multilevel Cox regression separately within
each study and then pooled using random-effects meta-analysis. This analysis was conducted
from January to June 2020.

EXPOSURES Fish consumption was recorded using validated food frequency questionnaires.
In 1 of the cohorts with vascular disease, a separate qualitative food frequency questionnaire
was used to assess intake of individual types of fish.

MAIN OUTCOMES AND MEASURES Mortality and major CVD events (including myocardial
infarction, stroke, congestive heart failure, or sudden death).

RESULTS Overall, 191 558 participants with a mean (SD) age of 54.1 (8.0) years (91 666
[47.9%] male) were included in the present analysis. During 9.1 years of follow-up in PURE,
compared with little or no fish intake (�50 g/mo), an intake of 350 g/wk or more was not
associated with risk of major CVD (HR, 0.95; 95% CI, 0.86-1.04) or total mortality (HR, 0.96;
0.88-1.05). By contrast, in the 3 cohorts of patients with vascular disease, the HR for risk of
major CVD (HR, 0.84; 95% CI, 0.73-0.96) and total mortality (HR, 0.82; 95% CI, 0.74-0.91)
was lowest with intakes of at least 175 g/wk (or approximately 2 servings/wk) compared with
50 g/mo or lower, with no further apparent decrease in HR with consumption of 350 g/wk or
higher. Fish with higher amounts of ω-3 fatty acids were strongly associated with a lower risk
of CVD (HR, 0.94; 95% CI, 0.92-0.97 per 5-g increment of intake), whereas other fish were
neutral (collected in 1 cohort of patients with vascular disease). The association between fish
intake and each outcome varied by CVD status, with a lower risk found among patients with
vascular disease but not in general populations (for major CVD, I2 = 82.6 [P = .02]; for death,
I2 = 90.8 [P = .001]).

CONCLUSIONS AND RELEVANCE Findings of this pooled analysis of 4 cohort studies indicated
that a minimal fish intake of 175 g (approximately 2 servings) weekly is associated with lower
risk of major CVD and mortality among patients with prior CVD but not in general
populations. The consumption of fish (especially oily fish) should be evaluated in randomized
trials of clinical outcomes among people with vascular disease.
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D ietary guidelines recommend at least 2 servings of fish
per week for the prevention of cardiovascular disease
(CVD).1,2 Fish is a major source of the long-chain ω-3

fatty acids docosahexaenoic acid and eicosapentaenoic acid,
which have been suggested to have beneficial effects on car-
diovascular health.3-5 In interventional studies, fish and ω-3
consumption have been shown to improve some cardiovas-
cular risk markers, including triglycerides and blood pres-
sure, especially in people with triglycerides of 500 mg/dL or
greater (to convert to millimoles per liter, multiply by 0.0113).6,7

Two recent meta-analyses of randomized trials in high-risk in-
dividuals showed that ω-3 supplementation (typically approxi-
mately 1 g/d) was not associated with risk of cardiovascular
events, coronary heart deaths, coronary heart disease events,
stroke, heart irregularities, or all-cause mortality.8,9 By con-
trast, another recent meta-analysis10 that included 3 new
trials11-13 showed that ω-3 supplementation was associated with
significant benefit against risk of CVD outcomes (summary rela-
tive risk of 0.92; 95% CI, 0.86-0.98),10 even after excluding a
recent trial of patients with elevated triglyceride levels that used
a much higher dose of fish oil (4 g daily).13 Observational co-
horts of participants without diagnosed vascular disease have
found modest protective associations of moderate fish con-
sumption (approximately ≥2 servings/wk) with fatal coro-
nary heart disease (ie, summary relative risks in multiple meta-
analyses ranging from 2% to 15% lower risk) and, usually less
strongly, with total CVD.14 To date, most cohort studies evalu-
ating fish consumption and CVD events have been conducted
in Europe, North America, Japan, and China, with little infor-
mation from other world regions, where varying amounts and
types of fish are consumed. Furthermore, whether the asso-
ciations of fish consumption with CVD events vary between
those with and those without vascular disease is unclear.

Because increasing fish intake may improve blood lipid
levels, especially among high-risk individuals,6,7 we hypoth-
esized that there would be differences in the association be-
tween fish intake and major CVD outcomes and mortality
among individuals with vascular disease compared with those
without vascular disease. In the present pooled analysis, we
studied 191 558 people (51 731 with vascular disease and 139 827
generally healthy individuals) from 58 countries who had been
included as participants in 4 large prospective studies.

Methods
Study Design and Participants
Details of the studies’ designs and population characteristics
have been published before and are described in the eAppen-
dix in the Supplement.

In brief, the Prospective Urban Rural Epidemiology (PURE)
study15-19 is an ongoing large-scale epidemiologic cohort study
that has enrolled 166 762 individuals, 35 to 70 years of age, in
21 low-, middle-, and high-income countries on 5 continents.
For the present analysis, we included 147 645 participants (in-
cluding 7818 [5.3%] with a history of CVD) with complete
information on their diet (eFigure 1 in the Supplement).
We included all outcome events known until July 31, 2019.

The Ongoing Telmisartan Alone and in Combination With
Ramipril Global End Point Trial (ONTARGET) is a randomized
clinical trial of antihypertension medication (ramipril, telmis-
artan, and their combination) for 25 620 patients aged 55 years
or older with vascular disease or diabetes.20 The Telmisartan
Randomized Assessment Study in ACE Intolerant Subjects With
Cardiovascular Disease (TRANSCEND) was a randomized clini-
cal trial of telmisartan vs placebo for 5926 participants.21

For the present analysis, we included 31 491 participants from
ONTARGET and TRANSCEND with dietary assessments in 40
countries on 6 continents.

The Outcome Reduction With Initial Glargine Interven-
tion (ORIGIN) trial was a randomized clinical trial of insulin
glargine therapy or standard care and ω-3 fatty acid or pla-
cebo supplementation (2 × 2 factorial design) that included
12 537 people (mean [SD] age, 63.5 [7.8] years) with cardiovas-
cular risk factors plus impaired fasting glucose or diabetes.22,23

For the present analysis, we included 12 422 participants from
ORIGIN with dietary assessments in 40 countries on 5 conti-
nents. We collected information on the type of fish con-
sumed in ORIGIN but not in other studies. All studies were co-
ordinated by the Population Health Research Institute,
Hamilton Health Sciences and McMaster University, Hamil-
ton, Ontario, Canada.

Procedures
The information about the study variables was collected with
similar approaches and data collection forms in each of the
studies. Information about demographic factors, lifestyle,
health history, and medication use was recorded. Physical as-
sessments included weight, height, waist and hip circumfer-
ences, and blood pressure.

In PURE, participants’ habitual food intake was re-
corded using country-specific validated food frequency
questionnaires (FFQs; eAppendix in the Supplement).24,25 In
ONTARGET and TRANSCEND, dietary information was
obtained using a 19-item qualitative FFQ.20,21 In ORIGIN, a
25-item qualitative FFQ was used to obtain information on

Key Points
Question Is there a difference in the association of fish
consumption with risk of cardiovascular disease (CVD) or of
mortality between individuals with and individuals without
vascular disease?

Findings In this analysis of 4 international cohort studies of
191 558 people from 58 countries on 6 continents, a lower risk of
major CVD and total mortality was associated with higher fish
intake of at least 175 g (2 servings) weekly among high-risk
individuals or patients with vascular disease, but not in general
populations without vascular disease; a similar pattern of results
was observed for sudden cardiac death. Oily fish but not other
types of fish were associated with greater benefits.

Meaning Study findings suggest that fish intake of at least 175 g
(2 servings) weekly is associated with lower risk of major CVD and
mortality among patients with prior CVD, but not in the general
population.

Research Original Investigation Fish Consumption and Risk of Cardiovascular Disease or Mortality With or Without Vascular Disease

632 JAMA Internal Medicine May 2021 Volume 181, Number 5 (Reprinted) jamainternalmedicine.com

© 2021 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by Universidad Autónoma de Chiapas user on 11/29/2025

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2021.0036?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.0036
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2021.0036?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.0036
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2021.0036?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.0036
http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.0036


individual foods or food groups, except for fish.22,23 A sepa-
rate 28-item qualitative FFQ was used to assess fish intake
(24 types of fish and 4 types of shellfish) (eAppendix in the
Supplement).

Standardized case report forms were used to capture
clinical data and to record major CVD events and death dur-
ing follow-up in each study. Major cardiovascular events and
deaths during follow-up were recorded and adjudicated cen-
trally in each country using standard definitions. Events
were classified according to the definitions used in each
study, but these definitions were broadly similar.

Statistical Analysis
Median fish intake was calculated overall and according to
geographic region and country, with adjustment for age and
sex. For all 3 cohorts, participants were grouped according to
fish consumption into lower than 50 g/mo, 50 g/mo to lower
than 175 g/wk, 175 to lower than 350 g/wk, and 350 g/wk or
higher (ie, equivalent to fixed increments of about 25 g/d); the
lowest intake group was used as the reference. Analysis of co-
variance was performed to calculate mean blood lipid levels
and blood pressure levels among fish intake groups, adjust-
ing for covariates.

We used a 2-stage indiv idual partic ipant data
meta-analysis.26 First, we assessed the associations between
fish intake and events in each cohort separately. For the PURE
cohort, estimates were obtained overall and separately for 2
subcohorts of people with or without CVD (the other 3 cohort
studies were composed entirely of patients with vascular dis-
ease). Second, the cohort-specific hazard ratios (HRs) and
95% CIs were pooled (separately by cohort of people with or
without CVD) in a random-effects meta-analysis.27 The pro-
portionality assumption was tested using the global goodness-
of-fit test with Schoenfeld residuals in each cohort. No evi-
dence of a violation was found. Tests of heterogeneity were
conducted using the I2 statistic.

In the PURE study, Cox frailty models with random ef-
fects (to account for clustering within study centers) were used
to assess the association between fish intake and the
outcomes.28 In a minimally adjusted model, we adjusted for
age, sex, and study center (as a random effect). The primary
model adjusted for age, sex, study center (as a random ef-
fect), body mass index, educational level, wealth index, smok-
ing status, urban or rural location, physical activity, history of
diabetes, use of statin or antihypertension medication, and
fruit, vegetables, red meat, poultry, dairy, and total energy in-
take, as in articles previously published by members of our
group.24,25,29 To test for linear trends, we used the median fish
intake value in each of the categories of fish intake and in-
cluded the variable as a quantitative risk factor. In ONTAR-
GET and TRANSCEND, because the entry criteria and study
conduct were similar for the 2 trials, we pooled the data
from both studies in our analysis. As in the PURE analyses, in
ONTARGET/TRANSCEND and in ORIGIN, we used Cox frailty
models with similar adjustment models, but additionally
adjusted for treatment allocation.

In sensitivity analyses for each study, estimates were as-
sessed in the primary models after removing potential asso-

ciated factors (body mass index, waist to hip ratio, diabetes,
and hypertension). In addition, we assessed whether the as-
sociation of fish intake varied by geographic region using tests
of interaction. All statistical analyses were conducted using
SAS, version 9.4 (SAS Institute Inc). A 2-sided P < .05 was con-
sidered statistically significant. The present analysis was con-
ducted from January to June 2020.

Results
Participant characteristics from each study are provided in
Table 1.15,19 Overall, 191 558 participants with a mean (SD) age
of 54.1 (8.0) years (91 666 [47.9%] males) were included in the
present analysis. The median duration of follow-up was 7.5
years (interquartile range [IQR], 4.9-9.4 years), with follow-up
completed for 96% of the participants. The median follow-up
in PURE was 9.1 years (IQR, 6.8-10.4 years), 4.5 years (IQR, 4.4-
5.0 years) in ONTARGET and TRANSCEND, and 6.2 years (IQR,
5.8-6.7 years) in ORIGIN.

Overall, there were 8949 deaths (6.4%) among individu-
als without prior CVD and 6763 (13.1%) among individuals with
prior CVD. There were 6825 (4.9%) major CVD events among
individuals without prior CVD and 8565 (16.6%) among indi-
viduals with prior CVD.

Median fish intake ranged from 4.2 g/wk in South Asia to
468.3 g/wk in Southeast Asia (eFigure 2 in the Supplement).
By country, fish intake was lowest in Argentina (0.7 g/wk) and
India (1.4 g/wk) and highest in Malaysia (452.2 g/wk), Philip-
pines (522.9 g/wk), and United Arab Emirates (1350 g/wk).

Associations of Fish Intake With CVD and Mortality
In PURE, no significant association between fish intake and any
health outcome was found, after adjustment for known con-
founders. Compared with little or no fish intake (≤50 g/mo; ref-
erence category), an intake of 350 g/wk or more (approxi-
mately 4 servings) was not significantly associated with risk
of major CVD (HR, 0.95; 95% CI, 0.86-1.04), CVD mortality
(HR, 0.94; 95% CI, 0.80-1.10), non-CVD mortality (HR, 1.00;
95% CI, 0.90-1.12), or total mortality (HR, 0.96; 95% CI, 0.88-
1.05) (Table 2; Figure 1). The association between fish intake
and outcome events did not differ significantly by history of
CVD status within PURE (Figure 1; eFigure 5 in the Supple-
ment).

By contrast, in 2 cohorts of patients with vascular dis-
eases (ONTARGET and TRANSCEND study, 40 countries, and
6 continents), a higher fish intake of at least 175 g/wk (approxi-
mately 2 servings/wk) was associated with lower risk of ma-
jor CVD (HR, 0.89; 95% CI, 0.80-1.00), CVD mortality (HR, 0.87;
95% CI, 0.74-1.02), non-CVD mortality (HR, 0.83; 95% CI, 0.68-
1.01), and total mortality (HR, 0.86; 95% CI, 0.76-0.98) com-
pared with 50 g/mo or lower, with no further apparent de-
crease in HR with consumption of 350 g/wk or higher (Table 2;
eFigure 4 in the Supplement).

In the ORIGIN study of patients with vascular dieases (40
countries, 5 continents), a higher fish intake of at least 175 g/wk
(approximately 2 servings/wk) was associated with lower risk
of major CVD (HR, 0.77; 95% CI, 0.66-0.89), CVD mortality
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Table 1. Baseline Characteristics of Participants by Category of Fish Intake and by Study

Characteristic

Category of fish intake

<50 g/mo 50 g/mo to <175 g/wk 175 to <350 g/wk ≥350 g/wk
PURE trial (n = 147 541)

No. of participants 37 514 61 950 21 661 25 225

Intake, median (IQR), g/wk 0.07 (0 to 7.0) 67.9 (32.9 to 109.9) 231.0 (197.4 to 273.7) 593.6 (450.1 to 1050)

Age, mean (SD), y 50.2 (10.3) 50.5 (9.9) 51 (9.9) 51.3 (9.9)

Male, No. (%) 15 020 (40.0) 26 449 (42.7) 9525 (44.0) 10 472 (41.5)

Location, No. (%)

Urban 18 226 (48.6) 31 516 (50.9) 14 346 (66.2) 13 804 (54.7)

Rural 19 288 (51.4) 30 434 (49.1) 7315 (33.8) 11 421 (45.3)

Geographical region, No. (%)

South Asia 13 460 (35.9) 10 000 (16.1) 1769 (8.2) 5017 (19.9)

China 10 610 (28.3) 22 884 (36.9) 6564 (30.3) 5378 (21.3)

Southeast Asia 238 (0.6) 1246 (2) 2500 (11.5) 7378 (29.2)

Africa 1462 (3.9) 2700 (4.4) 840 (3.9) 735 (2.9)

North America or Europe 1468 (3.9) 10 391 (16.8) 4947 (22.8) 2870 (11.4)

Middle East 2596 (6.9) 4338 (7) 1607 (7.4) 1702 (6.7)

South America 7680 (20.5) 10 391 (16.8) 3434 (15.9) 2145 (8.5)

Educational level, No. (%)

None, primary, or unknown 20 962 (56.1) 26 492 (42.9) 6663 (30.8) 8368 (33.2)

Secondary, high, or higher secondary 11 496 (30.8) 23 407 (37.9) 8988 (41.6) 11 357 (45.1)

Trade, college, or university 4912 (13.1) 11 890 (19.2) 5979 (27.6) 5461 (21.7)

Wealth index, median (IQR)a –0.26 (–1.14 to 0.42) 0.14 (–0.70 to 0.82) 0.48 (–0.15 to 1.07) 0.21 (–0.60 to 0.91)

BMI, mean (SD) 25.2 (5.4) 25.9 (5.2) 26.5 (5.1) 26 (5)

Waist to hip ratio, mean (SD) 0.873 (0.09) 0.872 (0.084) 0.877 (0.084) 0.876 (0.083)

Blood pressure, mean (SD), mm Hg

Systolic 130.2 (22.6) 131.3 (22.6) 131.5 (21.8) 132.7 (21.8)

Diastolic 81.7 (13.7) 82.2 (17.3) 81.9 (14) 81.6 (13.5)

Smoking, No. (%)

Former 3247 (8.7) 7786 (12.7) 3402 (15.8) 2883 (11.5)

Current 7605 (20.5) 13 952 (22.7) 4252 (19.8) 4306 (17.2)

Never 26 309 (70.8) 39 711 (64.6) 13 813 (64.3) 17 847 (71.3)

Alcohol, No. (%)

Former 1625 (4.4) 2974 (4.9) 947 (4.5) 908 (3.6)

Current 6553 (17.7) 17 378 (28.4) 7577 (36.3) 5875 (23.6)

Never 28 808 (77.9) 40 853 (66.7) 12 356 (59.2) 18 163 (72.8)

Physical activity, No. (%)

Low 7122 (20.9) 9329 (16) 3617 (17.5) 4760 (20.4)

Moderate 12 514 (36.8) 22 439 (38.4) 8061 (39) 8656 (37.1)

High 14 380 (42.3) 26 693 (45.7) 9010 (43.6) 9886 (42.4)

History of diabetes, No. (%) 2775 (7.4) 4392 (7.1) 1875 (8.7) 2854 (11.3)

History of hypertension, No. (%) 7430 (19.8) 12 860 (20.8) 4631 (21.4) 5865 (23.3)

Energy, mean (SD)

Intake, kcal 1970 (778) 2026 (733) 2197 (784) 2624 (887)

From carbohydrate % 63.6 (12.3) 62.7 (11.5) 58.3 (10.5) 55.8 (9.2)

From protein % 14 (3.6) 15 (3.2) 16.4 (3.1) 17 (3.8)

From total fat % 22.4 (10.2) 22.3 (9.3) 25.4 (8.4) 27.3 (7.5)

Alternative Healthy Index score, mean (SD) 33.0 (7.7) 34.5 (7.8) 35.3 (8.2) 36.6 (9.0)

Dairy, mean (SD), servings/d 1.1 (1.4) 1.5 (2.0) 1.8 (2.3) 1.4 (1.9)

Fruits, mean (SD), servings/d 1.3 (1.8) 1.7 (2.1) 2 (2.2) 2.2 (2.8)

Vegetables, mean (SD), servings/d 2 (2.1) 2.7 (2.8) 3.5 (3.9) 3.3 (3.8)

Meats, mean (SD), servings/d 1.9 (2.8) 2.6 (3.5) 3.6 (5.7) 4.2 (5.8)

Red and processed meat, mean (SD), servings/d 0.6 (0.9) 0.8 (0.9) 1 (1.0) 0.8 (0.9)

White meat, mean (SD), servings/d 0.2 (0.3) 0.3 (0.3) 0.6 (0.4) 1.6 (1.3)

Breads and cereals, mean (SD), servings/d 5.7 (3.2) 5 (2.8) 5.2 (3.2) 6.2 (3.8)

(continued)
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(HR, 0.66; 95% CI, 0.54-0.80), and total mortality (HR, 0.77;
95% CI, 0.66-0.90) compared with 50 g/mo or lower, with
no further apparent decrease in HR with consumption of 350
g/wk or higher (Table 2; eFigure 4 in the Supplement).

Collectively, in the 3 cohorts of patients with vascular dis-
ease, a minimal fish intake of 175 g/wk (approximately 2 serv-
ings/wk) was associated with lower major CVD (HR, 0.84;
95% CI, 0.73-0.96) and total mortality (HR, 0.82; 95% CI, 0.74-
0.91) compared with 50 g/mo or lower, with no additional ben-
efit with consumption of 350 g/wk or more.

Similar results were found when waist to hip ratio re-
placed body mass index in the multivariable models and also
when waist to hip ratio, body mass index, hypertension, and
diabetes were dropped from the models (eTable 2 in the Supple-
ment). Lastly, when participants with an event in the first 2

years were excluded, the findings were unchanged (eTable 2
in the Supplement).

In the ORIGIN study, types of fish with higher amounts of
ω-3 fats were strongly associated with a lower risk of major CVD
events (HR, 0.94; 95% CI, 0.92-0.97 per 5-g increment of in-
take), whereas other types of fish were neutral (Figure 2).30

Similar protective associations of high ω-3 fish were found for
sudden cardiac death (HR, 0.91; 95% CI, 0.86-0.96 per 5-g in-
crement of intake; P < .001), whereas other types of fish were
found to be neutral (HR, 0.98; 95% CI, 0.88-1.09; P = .69).

Heterogeneity of Associations in Those
With or Without Vascular Disease
The association of fish intake with major CVD and CVD death
varied significantly by history of CVD status (for major CVD,

Table 1. Baseline Characteristics of Participants by Category of Fish Intake and by Study (continued)

Characteristic

Category of fish intake

<50 g/mo 50 g/mo to <175 g/wk 175 to <350 g/wk ≥350 g/wk
ONTARGET and TRANSCEND (n = 31 491)

No. of participants 2801 16 377 7335 4978

Intake, median (IQR), g/wk 2.8 (0 to 9.2) 119.7 (55.3 to 119.7) 240.1 (200.2 to 249.9) 450.1 (359.8 to 720.3)

Age, mean (SD), y 66.7 (7.5) 66.5 (7.2) 66.6 (7.3) 66.3 (7.0)

Male, No. (%) 1779 (63.5) 11 667 (71.2) 5216 (71.1) 3464 (69.6)

Geographic region, No. (%)

North America and Europe 1547 (55.2) 11 267 (68.8) 4895 (66.7) 2701 (54.3)

South America or Mexico 855 (30.5) 1365 (8.3) 645 (8.8) 443 (8.9)

Middle East 24 (0.9) 230 (1.4) 97 (1.3) 240 (4.8)

China, Hong Kong, Taiwan, or South Korea 183 (6.5) 1516 (9.3) 536 (7.3) 748 (15)

Southeast Asia 19 (0.7) 350 (2.1) 378 (5.2) 496 (10)

Africa 48 (1.7) 468 (2.9) 224 (3.1) 91 (1.8)

Australia or New Zealand 125 (4.5) 1181 (7.2) 560 (7.6) 259 (5.2)

Educational level, No. (%)

None primary or unknown 805 (28.7) 5063 (30.9) 2185 (29.8) 1241 (24.9)

Secondary, high, or higher secondary 1239 (44.2) 5306 (32.4) 2274 (31) 1826 (36.7)

Trade, college, or university 757 (27) 6007 (36.7) 2876 (39.2) 1910 (38.4)

BMI, mean (SD) 28.1 (4.6) 28.2 (4.5) 28.1 (4.5) 27.6 (4.6)

Waist to hip ratio, mean (SD) 0.9 (0.1) 0.9 (0.1) 0.9 (0.1) 0.9 (0.1)

Blood pressure, mean (SD), mm Hg

Systolic 140.8 (17.2) 141.7 (17.2) 141.8 (17.2) 142 (17.7)

Diastolic 82 (10.3) 82.1 (10.4) 82 (10.2) 81.8 (10.5)

Smoking, No. (%)

Former 1378 (49.2) 8333 (50.9) 3681 (50.2) 2422 (48.7)

Current 381 (13.6) 2106 (12.9) 808 (11.0) 504 (10.1)

Never 1039 (37.1) 5921 (36.2) 2839 (38.7) 2047 (41.2)

Physical activity, No. (%)

Low 1256 (44.8) 5817 (35.5) 2332 (31.8) 1512 (30.4)

Moderate 573 (20.5) 3828 (23.4) 1732 (23.6) 1054 (21.2)

High 972 (34.7) 6730 (41.1) 3271 (44.6) 2412 (48.5)

History of diabetes, No. (%) 1028 (36.7) 6103 (37.3) 2675 (36.5) 1902 (38.2)

History of hypertension, No. (%) 2091 (74.7) 11 542 (70.5) 5076 (69.2) 3392 (68.1)

Alternative Healthy Index score, mean (SD) 21.8 (7.3) 24.1 (7.1) 26.5 (7.6) 29.0 (7.9)

Fruits, mean (SD), servings/d 1.1 (1.4) 1.2 (1.3) 1.5 (1.3) 1.6 (2)

Leafy green vegetables, mean (SD), servings/d 0.7 (0.9) 0.8 (1.1) 0.9 (1.0) 1 (1.1)

Dairy, mean (SD), servings/d 0.9 (1.1) 1 (1.1) 1 (1.2) 1 (1.2)

Meat or poultry, mean (SD), servings/d 0.8 (1.1) 0.8 (0.9) 0.8 (0.8) 0.8 (1)
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I2 = 82.6 [P = .02]; for death, I2 = 90.8 [P = .001]; for compos-
ite of death or CVD, I2 = 87.6 [P = .004]) (Figure 1; eFigure 4
in the Supplement).

Among high-risk individuals or patients with existing vas-
cular disease, a minimal fish intake of 175 g/week (approxi-
mately 2 servings/week) was associated with lower risk of ma-
jor CVD (compared with ≤50 g/month; HR, 0.84; 95% CI, 0.77-
0.92; P = .008), total mortality (HR, 0.83; 95% CI, 0.76-0.91;
P < .001), and the composite of death or major CVD (HR, 0.86;
95% CI, 0.80-0.92; P = .002), after adjustment for known con-
founders (Figure 1; eFigure 4 in the Supplement), with no fur-
ther apparent decrease in HR with consumption of 350 g/week
or higher. No significant heterogeneity in the associations with
the composite outcome was found across regions.

By contrast, in general populations without vascular dis-
ease, a higher fish intake was not significantly associated
with major CVD (comparing ≥350 g/wk vs ≤50 g/mo; HR,
0.97; 95% CI, 0.88-1.08; P = .24), total mortality (HR, 0.97;
95% CI, 0.88-1.06; P = .48), or the composite of death or

major CVD (HR, 0.97; 95% CI, 0.90-1.04; P = .18) (Figure 1;
eFigure 4 in the Supplement).

Similarly, among high-risk individuals or patients with ex-
isting vascular disease, a higher fish intake was associated with
lower risk of sudden cardiac death (comparing ≥350 g/wk with
≤50 g/mo; HR, 0.79; 95% CI, 0.63-0.99; P = .04). By contrast,
in general populations without vascular disease, a higher fish
intake was not significantly associated with these events (HR,
1.10; 95% CI, 0.64-1.89; P = .91).

Associations by Geographic Region
In PURE, higher fish intake appeared to be associated with a
lower risk of composite events in China and Africa but ap-
peared to be neutral in other regions. For patients with vas-
cular disease, similar associations were found across regions.

Associations of Fish Intake With Cardiovascular Risk Markers
Higher fish intake was associated with lower triglyceride lev-
els both among people with or without vascular disease

Table 1. Baseline Characteristics of Participants by Category of Fish Intake and by Study (continued)

Characteristic

Category of fish intake

<50 g/mo 50 g/mo to <175 g/wk 175 to <350 g/wk ≥350 g/wk
ORIGIN trial (n = 12 422)

No. of participants 3572 5049 1995 1806

Intake, median (IQR), g/wk 2.2 (0 to 8.8) 64.5 (28.0 to 119.7) 248.5 (211.4 to 319.2) 567.7 (445.2 to 874.3)

Age, mean (SD), y 63.6 (7.9) 63.5 (7.8) 63.7 (7.7) 63.5 (7.8)

Male, No. (%) 2136 (59.8) 3249 (64.4) 1372 (68.7) 1317 (72.9)

Geographic region, No. (%)

North America and Europe 921 (25.8) 2800 (55.5) 1416 (70.9) 1328 (73.5)

South America or Mexico 1944 (54.4) 1414 (28.0) 301 (15.1) 174 (9.6)

Middle East 53 (1.5) 90 (1.8) 57 (2.9) 52 (2.9)

South Asia 289 (8.1) 80 (1.6) 8 (0.4) 10 (0.6)

China, Hong Kong, Taiwan, or South Korea 174 (4.9) 219 (4.3) 82 (4.1) 109 (6.0)

Southeast Asia 60 (1.7) 40 (0.8) 11 (0.6) 22 (1.2)

Africa 118 (3.3) 347 (6.9) 78 (3.9) 52 (2.9)

Australia or New Zealand 14 (0.4) 59 (1.2) 43 (2.2) 60 (3.3)

BMI, mean (SD) 29.6 (5.4) 29.9 (5.2) 29.9 (5.2) 29.8 (5.0)

Blood pressure, mean (SD), mm Hg

Systolic 147.6 (22.7) 145.9 (21.7) 144.6 (20.7) 143.4 (20.8)

Diastolic 84.8 (12.4) 84.4 (12.0) 83.3 (11.6) 83.0 (11.9)

Smoking, No. (%)

Former 1471 (41.2) 2324 (46.0) 1015 (50.9) 927 (51.3)

Current smoker 408 (11.4) 635 (12.6) 253 (12.7) 243 (13.5)

Never 1694 (47.4) 2090 (41.4) 728 (36.5) 636 (35.2)

Low physical activity, No. (%) 1127 (31.5) 1050 (20.8) 275 (13.8) 260 (14.4)

History of diabetes, No. (%) 3261 (91.3) 4423 (87.6) 1706 (85.5) 1596 (88.3)

History of hypertension, No. (%) 2856 (79.9) 4054 (80.3) 1561 (78.2) 1400 (77.5)

Fruits, mean (SD), servings/d 86.5 (76.6) 95.2 (78.9) 103.6 (81.8) 118.3 (91.9)

Vegetables, mean (SD), servings/d 133.5 (103.6) 129.9 (99.7) 146.1 (114.0) 176.4 (142.8)

Dairy, mean (SD), servings/d 94.4 (108.3) 112.8 (111.5) 109.8 (103.8) 122.9 (112.2)

Meat or poultry, mean (SD), servings/d 77.8 (70.8) 73.1 (63.7) 73.5 (60.5) 106.3 (129.1)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); IQR, interquartile range; ONTARGET, Ongoing
Telmisartan Alone and in Combination With Ramipril Global End Point Trial;
ORIGIN, Outcome Reduction With Initial Glargine Intervention; PURE,
Prospective Urban Rural Epidemiology; TRANSCEND, Telmisartan Randomized

Assessment Study in ACE Intolerant Subjects With Cardiovascular Disease.
a Wealth index is based on information collected on household possessions,

such as electricity, car, computer, television, and telephone.15,19

Research Original Investigation Fish Consumption and Risk of Cardiovascular Disease or Mortality With or Without Vascular Disease

636 JAMA Internal Medicine May 2021 Volume 181, Number 5 (Reprinted) jamainternalmedicine.com

© 2021 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by Universidad Autónoma de Chiapas user on 11/29/2025

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2021.0036?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.0036
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2021.0036?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.0036
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2021.0036?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.0036
http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.0036


Table 2. Association Between Fish Intake and Clinical Events in Each Studya

Event

Category of fish intake, HR (95% CI)
P value for
trend<50 g/mo 50 g/mo to <175 g/wk 175 to <350 g/wk ≥350 g/wk

PURE trial (n = 147 541)

Intake, median (IQR), g/wk 0.1 (0.0-7.0) 67.9 (32.9-109.9) 231.0 (197.4-273.7) 593.6 (450.1-1050.0)

Composite of death or major CVD

No. of participants 37 428 62 391 22 502 25 324

No. (%) of events (n = 15 019) 4338 (11.6) 6331 (10.2) 1799 (8.0) 2551 (10.1)

Age and sex adjusted 1 [Reference] 0.98 (0.94-1.02) 0.87 (0.81-0.92) 0.90 (0.84-0.96) <.001

Multivariable 1 [Reference] 1.00 (0.95-1.04) 0.93 (0.88-1.00) 0.96 (0.89-1.03) .08

No history of CVD 1 [Reference] 1.00 (0.95-1.05) 0.94 (0.88-1.01) 0.97 (0.90-1.04) .18

History of CVD 1 [Reference] 0.96 (0.84-1.09) 0.89 (0.74-1.06) 0.90 (0.74-1.09) .17

Total mortality

No. of participants 37 428 62 391 22 502 25 324

No. (%) of deaths (n = 10 076) 3131 (8.4) 4069 (6.5) 1140 (5.1) 1736 (6.9)

Age and sex adjusted 1 [Reference] 1.00 (0.95-1.05) 0.89 (0.83-0.96) 0.91 (0.84-0.99) .005

Multivariable 1 [Reference] 1.02 (0.96-1.08) 0.98 (0.90-1.07) 0.96 (0.88-1.05) .35

No history of CVD 1 [Reference] 1.02 (0.96-1.08) 0.98 (0.90-1.07) 0.97 (0.88-1.06) .48

History of CVD 1 [Reference] 0.94 (0.79-1.11) 0.92 (0.73-1.16) 0.91 (0.71-1.16) .36

Major CVD events

No. of participants 37 428 62 391 22 502 25 324

No. (%) of events (n = 8201) 2215 (5.9) 3524 (5.6) 1001 (4.4) 1461 (5.8)

Age and sex adjusted 1 [Reference] 0.98 (0.92-1.04) 0.85 (0.78-0.92) 0.90 (0.83-0.99) .001

Multivariable 1 [Reference] 1.00 (0.94-1.07) 0.89 (0.82-0.97) 0.95 (0.86-1.04) .06

No history of CVD 1 [Reference] 1.00 (0.94-1.08) 0.91 (0.83-1.00) 0.97 (0.88-1.08) .24

History of CVD 1 [Reference] 0.97 (0.83-1.13) 0.83 (0.67-1.03) 0.86 (0.69-1.08) .08

Myocardial infarction

No. of participants 37 428 62 391 22 502 25 324

No. (%) of events (n = 3806) 1146 (3.1) 1486 (2.4) 456 (2.0) 718 (2.8)

Age and sex adjusted 1 [Reference] 0.97 (0.89-1.06) 0.90 (0.80-1.02) 0.88 (0.77-1.00) .03

Multivariable 1 [Reference] 1.01 (0.92-1.11) 0.97 (0.85-1.10) 0.90 (0.78-1.04) .15

No history of CVD 1 [Reference] 1.01 (0.91-1.12) 0.97 (0.84-1.12) 0.96 (0.82-1.11) .46

History of CVD 1 [Reference] 0.95 (0.76-1.18) 0.96 (0.71-1.29) 0.71 (0.51-0.99) .07

Stroke

No. of participants 37 428 62 391 22 502 25 324

No. (%) of events (n = 3925) 986 (2.6) 1827 (2.9) 478 (2.1) 634 (2.5)

Age and sex adjusted 1 [Reference] 0.95 (0.87-1.04) 0.80 (0.71-0.90) 0.91 (0.80-1.03) .01

Multivariable 1 [Reference] 0.97 (0.88-1.06) 0.81 (0.72-0.92) 0.95 (0.83-1.08) .09

No history of CVD 1 [Reference] 0.96 (0.87-1.06) 0.84 (0.73-0.96) 0.97 (0.84-1.11) .22

History of CVD 1 [Reference] 1.00 (0.80-1.25) 0.75 (0.55-1.03) 0.91 (0.66-1.27) .22

Sudden cardiac death

No. of participants 37 428 62 391 22 502 25 324

No. (%) of events (n = 371) 109 (0.3) 189 (0.3) 30 (0.1) 43 (0.2)

Age and sex adjusted 1 [Reference] 0.84 (0.64-1.09) 0.91 (0.57-1.46) 1.03 (0.64-1.65) .79

Multivariable 1 [Reference] 0.78 (0.58-1.05) 0.83 (0.49-1.40) 0.99 (0.59-1.68) .69

No history of CVD 1 [Reference] 0.78 (0.56-1.08) 0.75 (0.41-1.36) 1.10 (0.64-1.89) .91

History of CVD 1 [Reference] 0.31 (0.11-0.87) 0.80 (0.18-3.68) 0.67 (0.02-19.2) .50

CVD death

No. of participants 37 428 62 391 22 502 25 324

No. (%) of events (n = 3102) 993 (2.6) 1206 (1.9) 317 (1.4) 586 (2.3)

Age and sex adjusted 1 [Reference] 1.02 (0.93-1.12) 0.87 (0.76-1.01) 0.90 (0.78-1.04) .07

Multivariable 1 [Reference] 1.06 (0.96-1.18) 0.94 (0.81-1.10) 0.94 (0.80-1.10) .33

No history of CVD 1 [Reference] 1.07 (0.96-1.20) 0.97 (0.82-1.15) 0.99 (0.84-1.20) .84

History of CVD 1 [Reference] 0.95 (0.75-1.19) 0.81 (0.57-1.13) 0.72 (0.51-1.03) .047

(continued)

Fish Consumption and Risk of Cardiovascular Disease or Mortality With or Without Vascular Disease Original Investigation Research

jamainternalmedicine.com (Reprinted) JAMA Internal Medicine May 2021 Volume 181, Number 5 637

© 2021 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by Universidad Autónoma de Chiapas user on 11/29/2025

http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.0036


Table 2. Association Between Fish Intake and Clinical Events in Each Studya (continued)

Event

Category of fish intake, HR (95% CI)
P value for
trend<50 g/mo 50 g/mo to <175 g/wk 175 to <350 g/wk ≥350 g/wk

Non-CVD death

No. of participants 37 428 62 391 22 502 25 324

No. (%) of events (n = 5904) 1820 (4.9) 2414 (3.9) 707 (3.1) 963 (3.8)

Age and sex adjusted 1 [Reference] 0.98 (0.92-1.05) 0.91 (0.82-1.00) 0.94 (0.85-1.04) .11

Multivariable 1 [Reference] 1.00 (0.93-1.07) 1.00 (0.90-1.11) 1.00 (0.90-1.12) .99

No history of CVD 1 [Reference] 1.00 (0.92-1.07) 0.98 (0.88-1.10) 0.99 (0.88-1.10) .76

History of CVD 1 [Reference] 0.96 (0.74-1.23) 1.05 (0.75-1.49) 1.09 (0.75-1.58) .17

ONTARGET and TRANSCEND
(n = 31 491)b,c

Intake, median (IQR), g/d 2.8 (0 to 9.2) 119.7 (55.3-119.7) 240.1 (200.2-249.9) 450.1 (359.8-720.3)

Composite of death or major CVD

No. of participants 2801 16 377 7252 5061

No. (%) of events 642 (22.9) 3434 (21.0) 1395 (19.2) 979 (19.3)

Age and sex adjusted 1 [Reference] 0.94 (0.86-1.03) 0.85 (0.77-0.93) 0.84 (0.75-0.93) <.001

Multivariable 1 [Reference] 0.96 (0.88-1.05) 0.88 (0.80-0.97) 0.88 (0.79-0.98) .002

Total mortality

No. of participants 2801 16 377 7252 5061

No. (%) of events 404 (14.42) 2005 (12.24) 825 (11.38) 537 (10.61)

Age and sex adjusted 1 [Reference] 0.90 (0.80-1.00) 0.82 (0.72-0.92) 0.75 (0.66-0.86) <.001

Multivariable 1 [Reference] 0.92 (0.82-1.02) 0.86 (0.76-0.98) 0.81 (0.70-0.92) <.001

Major CVD events

No. of participants 2801 16 377 7252 5061

No. (%) of events 504 (18.0) 2752 (16.8) 1116 (15.4) 810 (16.0)

Age and sex adjusted 1 [Reference] 0.96 (0.87-1.06) 0.86 (0.77-0.96) 0.87 (0.78-0.98) .001

Multivariable 1 [Reference] 0.97 (0.88-1.08) 0.89 (0.80-1.00) 0.91 (0.81-1.03) .02

Myocardial infarction

No. of participants 2801 16 377 7252 5061

No. (%) of events 151 (5.4) 791 (4.8) 360 (5.0) 250 (4.9)

Age and sex adjusted 1 [Reference] 0.86 (0.72-1.02) 0.85 (0.70-1.03) 0.84 (0.68-1.04) .22

Multivariable 1 [Reference] 0.86 (0.72-1.03) 0.86 (0.71-1.05) 0.86 (0.69-1.06) .34

Stroke

No. of participants 2801 16 377 7252 5061

No. (%) of events 118 (4.2) 740 (4.5) 285 (3.9) 252 (5.0)

Age and sex adjusted 1 [Reference] 1.07 (0.87-1.30) 0.93 (0.75-1.16) 1.15 (0.91-1.44) .64

Multivariable 1 [Reference] 1.11 (0.91-1.36) 0.99 (0.80-1.24) 1.25 (1.00-1.58) .20

Sudden cardiac death

No. of participants 2801 16 377 7252 5061

No. (%) of events 43 (1.5) 221 (1.4) 101 (1.4) 66 (1.3)

Age and sex adjusted 1 [Reference] 1.04 (0.74-1.47) 1.03 (0.71-1.48) 0.93 (0.62-1.39) .30

Multivariable 1 [Reference] 1.04 (0.74-1.46) 1.05 (0.72-1.52) 0.94 (0.63-1.42) .72

CVD death

No. of participants 2801 16 377 7252 5061

No. (%) of events 243 (8.7) 1199 (7.3) 497 (6.8) 326 (6.4)

Age and sex adjusted 1 [Reference] 0.91 (0.79-1.04) 0.83 (0.71-0.98) 0.76 (0.64-0.91) <.001

Multivariable 1 [Reference] 0.92 (0.80-1.06) 0.87 (0.74-1.02) 0.80 (0.67-0.96) .01

Non-CVD death

No. of participants 2801 16 377 7252 5061

No. (%) of events 161 (5.8) 806 (4.9) 328 (4.5) 211 (4.2)

Age and sex adjusted 1 [Reference] 0.87 (0.73-1.03) 0.78 (0.64-0.94) 0.73 (0.59-0.90) .001

Multivariable 1 [Reference] 0.89 (0.75-1.06) 0.83 (0.68-1.01) 0.79 (0.64-0.98) .02
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Table 2. Association Between Fish Intake and Clinical Events in Each Studya (continued)

Event

Category of fish intake, HR (95% CI)
P value for
trend<50 g/mo 50 g/mo to <175 g/wk 175 to <350 g/wk ≥350 g/wk

ORIGIN trial (n = 12 422)b,c

Intake, median (IQR), g/d 2.2 (0 to 8.8) 64.5 (28.0-119.7) 248.5 (211.4-319.2) 567.7 (445.2-874.3)

Composite of death or major CVD

No. of participants 3572 5049 1995 1806

No. (%) of events 866 (24.2) 1022 (20.2) 395 (19.8) 391 (21.6)

Age and sex adjusted 1 [Reference] 0.76 (0.70-0.84) 0.70 (0.62-0.79) 0.77 (0.69-0.87) <.001

Multivariable 1 [Reference] 0.81 (0.74-0.89) 0.81 (0.72-0.92) 0.88 (0.77-0.99) .02

Total mortality

No. of participants 3572 5049 1995 1806

No. (%) of events 650 (18.2) 707 (14.0) 259 (13.0) 261 (14.4)

Age and sex adjusted 1 [Reference] 0.73 (0.66-0.81) 0.65 (0.57-0.75) 0.73 (0.63-0.85) <.001

Multivariable 1 [Reference] 0.79 (0.71-0.88) 0.77 (0.66-0.90) 0.86 (0.74-1.00) .01

Major CVD events

No. of participants 3572 5049 1995 1806

No. (%) of events 656 (18.4) 781 (15.5) 286 (14.3) 297 (16.4)

Age and sex adjusted 1 [Reference] 0.80 (0.72-0.89) 0.72 (0.62-0.82) 0.82 (0.72-0.95) <.001

Multivariable 1 [Reference] 0.81 (0.73-0.90) 0.77 (0.66-0.89) 0.87 (0.76-1.01) .02

Myocardial infarction

No. of participants 3572 5049 1995 1806

No. (%) of events 155 (4.34) 224 (4.44) 101 (5.06) 111 (6.15)

Age and sex adjusted 1 [Reference] 0.96 (0.79-1.18) 1.06 (0.82-1.36) 1.28 (1.00-1.63) .04

Multivariable 1 [Reference] 0.90 (0.73-1.11) 0.97 (0.74-1.25) 1.16 (0.90-1.49) .21

Stroke

No. of participants 3572 5049 1995 1806

No. (%) of events 173 (4.8) 211 (4.2) 75 (3.8) 74 (4.1)

Age and sex adjusted 1 [Reference] 0.83 (0.67-1.01) 0.72 (0.55-0.95) 0.79 (0.60-1.04) .03

Multivariable 1 [Reference] 0.83 (0.68-1.02) 0.75 (0.57-1.00) 0.82 (0.62-1.09) .09

Sudden cardiac death

No. of participants 3572 5049 1995 1806

No. (%) of events 202 (5.6) 170 (3.4) 63 (3.2) 72 (4.0)

Age and sex adjusted 1 [Reference] 0.56 (0.46-0.69) 0.51 (0.38-0.68) 0.64 (0.49-0.84) <.001

Multivariable 1 [Reference] 0.61 (0.49-0.75) 0.60 (0.45-0.81) 0.73 (0.55-0.98) .006

CVD death

No. of participants 3572 5049 1995 1806

No. (%) of events 416 (11.6) 433 (8.6) 138 (6.9) 148 (8.2)

Age and sex adjusted 1 [Reference] 0.70 (0.61-0.80) 0.55 (0.45-0.66) 0.65 (0.54-0.79) <.001

Multivariable 1 [Reference] 0.76 (0.66-0.87) 0.66 (0.54-0.80) 0.78 (0.64-0.94) <.001

Non-CVD death

No. of participants 3572 5049 1995 1806

No. (%) of events 234 (6.6) 274 (5.4) 121 (6.1) 113 (6.3)

Age and sex adjusted 1 [Reference] 0.78 (0.66-0.93) 0.84 (0.68-1.05) 0.88 (0.70-1.10) .23

Multivariable 1 [Reference] 0.84 (0.70-1.01) 0.97 (0.77-1.22) 1.00 (0.79-1.26) .86

Abbreviations: CVD, cardiovascular disease; IQR, interquartile range;
ONTARGET, Ongoing Telmisartan Alone and in Combination With Ramipril
Global End Point Trial; ORIGIN, Outcome Reduction With Initial Glargine
Intervention; PURE, Prospective Urban Rural Epidemiology;
TRANSCEND, Telmisartan Randomized Assessment Study in ACE Intolerant
Subjects With Cardiovascular Disease.
a Adjusted for age, sex and study center (latter as random effect). Multivariable

model is adjusted for age, sex, study center (random effect), body mass index,
educational level (primary or less; secondary; trade, college, or university),
smoking status (never, former, or current), alcohol intake, physical activity

(low, <600; moderate, 600-3000; high, >3000 metabolic equivalent of task
per minute per week), urban or rural location, history of diabetes, cancer, use
of statin or antihypertension medications, and intake of fruit, vegetables, red
meat, poultry, dairy, and total energy.

b In ONTARGET and TRANSCEND combined and in the ORIGIN trial, physical
activity categories were: mainly sedentary (reference standard); 1 to 4 times
per week; and more than 4 times per week.

c ONTARGET and TRANSCEND combined and the ORIGIN trial also adjusted for
treatment allocation.
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(Figure 3; eTable 1 in the Supplement). However, no benefi-
cial associations were found with other risk markers, and there
were higher levels of low-density lipoprotein cholesterol
(LDL-C) (Figure 3; eFigure 3 in the Supplement).

Discussion
In this analysis of 4 international prospective cohort studies
with 15 390 major CVD events and 15 712 deaths, among
191 558 people from 58 countries in 6 continents, we noted
significant heterogeneity in the association between fish
intake and major CVD events by history of CVD status.

Lower risk of major CVD, total mortality, and their composite
was found with higher fish intake of at least 175 g/wk (ap-
proximately 2 servings) among high-risk individuals or
patients with vascular disease, but not in general popula-
tions without vascular disease. A similar pattern of results
was found for sudden cardiac death, with significant protec-
tive associations observed among patients with vascular dis-
ease, but neutral in general populations without vascular
disease. Furthermore, the data available from 1 study on
types of fish suggested that oily fish but not other types of
fish were associated with greater benefits.

Dietary guidelines generally encourage consumption of a
variety of fish, preferably oily types (eg, salmon, sardines, tuna,

Figure 1. Fish Intake vs Risk of Composite of Death or Major Cardiovascular Disease (CVD)
by Study and by Prior Cardiovascular Disease

0.6 0.8 1.21.0
HR (95% CI)

P value
for
trend

Decreased
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Increased
risk

No. of
events
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CVD status
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(95% CI)

Weight,
%

Overall fish intake

62 39150 g/mo to <175 g/wk 1.00 (0.95-1.04)
.0837 428<50 g/mo 1 [Reference]

22 502175 to <350 g/wk 0.93 (0.88-1.00)
25 324350 g/wka 0.96 (0.89-1.03)

ONTARGET/TRANSCEND 
Prior CVD fish intake

16 37750 g/mo to <175 g/wk 0.96 (0.88-1.05)
.002 43.72801<50 g/mo 1 [Reference]

7252175 to <350 g/wk 0.88 (0.80-0.97)
5061350 g/wka 0.88 (0.79-0.98)

No prior CVD fish intake

58 90550 g/mo to <175 g/wk 1.00 (0.95-1.05)
.18 10035 414<50 g/mo 1 [Reference]

21 333175 to <350 g/wk 0.94 (0.88-1.01)
24 175350 g/wka 0.97 (0.90-1.04)

Subtotal I2 = 0% (P =.48)

Prior CVD fish intake

348650 g/mo to <175 g/wk 0.96 (0.84-1.09)
.17 22.42014<50 g/mo 1 [Reference]

1169175 to <350 g/wk 0.89 (0.74-1.06)
1149350 g/wka 0.90 (0.74-1.09)

ORIGIN 
Prior or high-risk CVD fish intake

504950 g/mo to <175 g/wk 0.81 (0.74-0.89)
.02 33.93572<50 g/mo 1 [Reference]

1995175 to <350 g/wk 0.81 (0.72-0.92)
1806350 g/wka 0.88 (0.77-0.99)

Overall 
No prior CVD fish intake

58 90550 g/mo to <175 g/wk 1.00 (0.95-1.05)
.18 10035 414<50 g/mo 1 [Reference]

21 333175 to <350 g/wk 0.94 (0.88-1.04)
24 175350 g/wka 0.97 (0.90-1.04)

Subtotal I2 = 87.6% (P =.004)

Prior or high-risk CVD fish intake

24 91250 g/mo to <175 g/wk 0.90 (0.80-1.01)
.002 1008387<50 g/mo 1 [Reference]

10 416175 to <350 g/wk 0.86 (0.80-0.92)
8016350 g/wka 0.88 (0.82-0.95)

a Adjusted for age, sex, study center
(random effect), body mass index,
educational level, smoking status,
physical activity, alcohol intake,
urban vs rural location, history of
diabetes, cardiovascular disease,
cancer, use of statin or
antihypertension medication, and
intake of fruit, vegetables, red meat,
poultry, dairy, and total energy.

Research Original Investigation Fish Consumption and Risk of Cardiovascular Disease or Mortality With or Without Vascular Disease

640 JAMA Internal Medicine May 2021 Volume 181, Number 5 (Reprinted) jamainternalmedicine.com

© 2021 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by Universidad Autónoma de Chiapas user on 11/29/2025

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2021.0036?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.0036
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2021.0036?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.0036
http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2021.0036


and mackerel), at least twice a week for CVD prevention.1,2,31-33

High-dose fish oil has been shown to lower triglyceride levels
in people with severe hypertriglyceridemia.6,7 Furthermore,
short-term trials showed that 2 servings of fatty fish per week
(roughly 112 g [4 oz] each) decreased triglyceride levels by 11.4%
but also slightly increased LDL-C levels compared with the con-
trol diet.34,35 Our findings are consistent with this informa-
tion, both among people with and among persons without
vascular disease (8% decrease in triglyceride level with ap-
proximately 2 standard servings of fish per week but with
slightly higher LDL-C level). The increase in LDL-C level asso-
ciated with fish intake may not suggest an increased CVD risk
because this risk may be offset by the positive effects on
lipoproteins.36 Our finding of higher blood glucose levels as-
sociated with higher fish intake is consistent with some trial
data for patients with diabetes,37 but other trials of fish or fish
oil consumption have been neutral regarding this factor.38 Co-
hort studies of fish intake and incident diabetes have shown
variable results.39,40 Cooking methods, mercury levels, and the
presence of polychlorinated biphenyls or other environmen-
tal contaminants in fish are potential factors associated with
the different findings across studies,41 but further work is
needed in this area. Given that there are associations with CVD
risk markers, some of which may be protective and others
harmful, and that some fish may contain contaminants,42,43

studying the association of fish intake with outcome events
is essential to inform recommendations for populations.

To our knowledge, there are no primary prevention trials
on fish intake and CVD outcomes. Some prospective cohort
studies among mostly healthy people have found an inverse
association between fish intake and CVD mortality, whereas
others do not.44 A recent umbrella review of cohort studies
found modest protective associations of fish consumption with
fatal coronary heart disease (ie, summary relative risks rang-
ing from 2% to 15% lower risk).14 Compared with fatal cardiac
events, fish consumption has weaker associations with non-

fatal cardiac events and stroke.14,44 However, those meta-
analyses were not based on combining individual data from
each study and thus were not able to fully adjust for all poten-
tial confounders. In PURE, which covers fish intake in numer-
ous world regions in which various amounts and types of fish
are consumed, we found no significant association of fish in-
take with outcome events. In analyses by geographic region,
we found considerable heterogeneity across geographic re-
gions, but associations were neutral in most regions except for
China and Africa, where protective associations between fish
intake and composite events were detected. Taken together,
the results suggest that higher fish consumption may be mod-
estly associated with CVD outcomes or mortality in generally
healthy populations.

Our findings of favorable associations of fish intake with
CVD events and mortality among patients with vascular dis-
ease are consistent with the DART-1 (Diet and Reinfarction)
trial,45 but not the DART 2 study46 or 2 recent meta-analyses
of randomized clinical trials of fish oil supplementation for
high-risk individuals, which showed that fish oil (approxi-
mately 1 g/d) had no association with CVD outcomes or total
mortality.8,9 More recently, in 2018, 2 trials of a 1-g/d ω-3 for-
mulation found no significant effect of supplementation on
major CVD, but there was significant lowering of fatal myo-
cardial infarction, total coronary heart disease,12 and fatal
CVD.11 In a 2019 meta-analysis10 that included those new
trials,11,12 individuals who received ω-3 supplementation had
significantly better CVD outcomes, even after excluding the
recent REDUCE-IT randomized clinical trial of patients with
elevated triglyceride levels that used a much higher dose of
fish oil (4 g daily).13 In our study, CVD risk was lowest with a
moderate amount of fish (ie, at least 175 g/wk, or approxi-
mately 2 servings/wk), with no further apparent decrease in
risk with higher fish intake (ie, >350 g/wk, or >3-4 servings/
wk). Similarly, previous cohort studies of mostly generally
healthy populations showed that approximately 2 or more

Figure 2. Associations Between Types of Fish (per 5-g Increment) and Clinical Events
in the Outcome Reduction With Initial Glargine Intervention (ORIGIN) Trial (n = 12 422)
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Increased
risk of CVD
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events, %Study
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HR
(95% CI)

Event

2020Major CVD 0.94 (0.92-0.97)
1877Total mortality 0.96 (0.93-0.99)

2674Composite 0.96 (0.94-0.98)
Low ω-3 fish

Event

2020Major CVD 1.03 (0.98-1.08)
1877Total mortality 1.01 (0.96-1.06)

2674Composite 1.02 (0.98-1.06)
Shellfish

Event

2020Major CVD 0.99 (0.91-1.07)
1877Total mortality 1.01 (0.93-1.10)

2674Composite 0.98 (0.92-1.05)

<.001
.004

<.001

.27

.78

.40

.72

.76
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Data are adjusted for age, sex, study
center (random effect), body mass
index, educational level, smoking
status, physical activity, alcohol
intake, history of diabetes,
cardiovascular disease (CVD), cancer,
use of statin or antihypertension
medication, and intake of fruit,
vegetables, red meat, poultry, and
dairy. Fish with highest ω-3 levels
included herring, mackerel, sable,
salmon, tuna (steak), and sardine.
Other fish with high ω-3 levels
included anchovy, bluefish, oyster,
tuna (can), salmon (can), and trout.
Fish with lowest ω-3 levels included
bass, barramundi, bream, flathead,
flounder, perch, snapper, octopus,
sword fish, tile fish, and shark.
Shellfish included crab, lobster,
scallop, and mussel.30 HR represents
hazard ratio.
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servings/wk (150 g/wk) is associated with the lowest CVD
risk.14,44 On this basis, 2 servings of fish per week may be the
minimal amount of fish needed to reach maximum benefit
(an amount consistent with current recommendations for
CVD prevention),1,2,31-33 with little additional benefit with
higher intakes among patients with vascular disease. As
expected in ORIGIN, for which we collected information on
types of fish, consumption of fish with higher amounts of
ω-3 fats was strongly associated with a lower risk of major
CVD, whereas consumption of other types of fish was found
to be neutral. These findings are compatible with trials
showing favorable effects of oily fish intake on CVD risk
markers.6 In addition, fish may have selective antiarrhyth-
mic effects and accompanying protection against sudden
cardiac death.3,4,8 Some47 but not all48,49 trials of patients
with vascular disease found that fish oil use results in a
lower risk of sudden cardiac death. In our cohorts of patients
with vascular disease, we found protective associations of
fish intake (mainly from high ω-3 fish) with sudden death
(HR, 0.79; 95% CI, 0.63-0.99, comparing >350 g/wk vs <50
g/mo). Collectively, a possible modest cardiovascular benefit
(ie, approximately 10%-15% risk lowering) was found to be
associated with consuming an equivalent of at least 175 g

(2 servings) of fish weekly and with similar protection for
more than 350 g (approximately 4 servings) weekly for sec-
ondary prevention. However, our findings require confirma-
tion from randomized clinical trials evaluating the effects of
increasing fish consumption (especially oily fish) on the
clinical outcomes of people with vascular disease.

Limitations
The first potential limitation of this study is that diet was
self-reported, and variations in reporting may lead to ran-
dom errors that could dilute real associations between fish
intake and clinical outcomes. Second, we were not able to
consider cooking methods, how the fish was consumed
(with sauces, smoked, salted, etc), or contaminants in fish,
which may also affect the results. Furthermore, we were not
able to conduct a separate assessment of oily fish in PURE,
which could at least partly explain the overall null findings.
Third, in observational studies, the possibility of residual
confounding cannot be completely ruled out (eg, fish intake
may be a proxy for poverty or access to health care). How-
ever, our results persisted despite extensive adjustments for
all known confounders, including the use of 4 markers of
socioeconomic status (educational level, wealth, urban vs

Figure 3. Mean Levels of Cardiovascular Risk Markers by Amount of Fish Intake
in the Prospective Urban Rural Epidemiology (PURE) Trial (n = 147 541)
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rural location, and geographic location). In addition, we
adjusted for study center as a random effect, which takes
into account socioeconomic factors and clustering by com-
munity, leading to comparisons within countries (eAppendix
in the Supplement). Lastly, some misclassification of fish
intake cannot be ruled out because we did not have repeated
measures of diet in all studies, and a full-length FFQ was
used only in PURE. However, the ORIGIN study, in which we
conducted repeated diet assessments at 2 years, showed
similar results based on the first vs second diet assessments,
indicating that misclassification of fish intake during

follow-up was not a major factor in our findings (eTable 3 in
the Supplement).

Conclusions
In summary, this study found that a minimal fish intake of 175
g (approximately 2 servings) weekly was associated with lower
risk of major CVD events and total mortality among high-risk
individuals or patients with existing vascular disease but not
in the general population.
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Invited Commentary

Fish, Cardiovascular Disease, and Mortality—What Is the Global Evidence?
Dariush Mozaffarian, MD, DrPH

Fish and shellfish (hereafter referred to as fish) are major
sources of the dietary long-chain ω-3 fatty acids eicosapen-
taenoic acid (20:5n-3) and docosahexaenoic acid (22:6n-3)
and also contain other nutrients, such as vitamin D, ribofla-

vin, iodine, calcium, phos-
phorus, magnesium, potas-
sium, zinc, and iron. The
summed results of observa-
tional studies of fish intake,
randomized clinical trials of

fish oil supplements, and associated mechanistic and experi-
mental studies suggest that regular fish consumption may

decrease the incidence of myocardial infarction (MI) and
coronary heart disease (CHD), with more uncertain effects
on stroke, total cardiovascular disease (CVD), or other com-
posite events, such as all-cause mortality.1-3 Yet, these
summed findings obscure the inconsistent results of indi-
vidual clinical trials, which have raised uncertainty and con-
troversy about health benefits. Proposed explanatory factors
for the heterogeneity have included dose, type of fish (oily
vs white), methods for preparation of fish (baked or grilled
vs fried), background fish consumption, underlying partici-
pant risk, outcome (eg, fatal CHD vs combined CVD events),
and even presence of trace contaminants such as mercury or
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