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ABSTRACT

OBJECTIVES

To evaluate the associations of habitual fish oil
supplementation with cardiovascular disease (CVD)
and mortality in a large prospective cohort.

DESIGN
Population based, prospective cohort study.

SETTING
UK Biobank.

PARTICIPANTS

Atotal of 427 678 men and women aged between 40
and 69 who had no CVD or cancer at baseline were
enrolled between 2006 and 2010 and followed up to
the end of 2018.

MAIN EXPOSURE
All participants answered questions on the habitual
use of supplements, including fish oil.

MAIN OUTCOME MEASURES
All cause mortality, CVD mortality, and CVD events.

RESULTS

At baseline, 133 438 (31.2%) of the 427 678
participants reported habitual use of fish oil
supplements. The multivariable adjusted hazard
ratios for habitual users of fish oil versus non-users
were 0.87 (95% confidence interval 0.83 to 0.90)

for all cause mortality, 0.84 (0.78 to 0.91) for CVD
mortality, and 0.93 (0.90 to 0.96) for incident CVD
events. For CVD events, the association seemed to be

WHAT IS ALREADY KNOWN ON THIS TOPIC

inclusive populations

Fish oil supplementation is common in the UK and other developed countries

A recent meta-analysis of 13 randomised controlled trials showed a significant
marginal protective effect of omega 3 fatty acid supplementation against
cardiovascular disease (CVD); however, the performance of fish oil supplements
in randomised controlled trials was assessed under ideal and controlled
circumstances, making it difficult to generalise the findings to larger, more

Complementary information on the effectiveness of fish oil supplements is
needed through evaluation in real life settings of large scale cohort studies

WHAT THIS STUDY ADDS

effectiveness

Habitual fish oil supplementation is associated with a 13% lower risk of all cause
mortality, a 16% lower risk of CVD mortality, and a 7% lower risk of CVD events
among the general population

These findings indicate that habitual fish oil supplementation could have

a marginal benefit for CVD outcomes, but further studies are needed to

examine how the dose of fish oil supplements affects its clinically meaningful

thelbmj | BMJ2020;368:m456 | doi: 10.1136/bmj.m456

stronger among those with prevalent hypertension (P
for interaction=0.005).

CONCLUSIONS

Habitual use of fish oil seems to be associated with

a lower risk of all cause and CVD mortality and to
provide a marginal benefit against CVD events among
the general population.

Introduction
Fishoilisarich source oflong chain omega 3 fatty acids,
a group of polyunsaturated fats that primarily include
eicosapentaenoic acid and docosahexaenoic acid.
Initially, these compounds were recommended for daily
omega 3 fatty acid supplementation for the prevention
of cardiovascular disease (CVD).?> Consequently, the
use of fish oil supplements is widespread in the United
Kingdom and other developed countries.*®

Although there have been marked advances in recent
years in our understanding of the role of omega 3 fatty
acids in the prevention of CVD events, clear gaps in
knowledge remain,”® and studies have generated
conflicting findings. Data from laboratory studies,*™*?
epidemiological investigations,'* ' and randomised
controlled trials” ' indicate that omega 3 fatty acids
do have a role in the prevention of CVD. In contrast,
several trials and recent meta-analyses have shown
that supplementation with omega 3 fatty acids has no
benefit in the prevention of CVD.'**®

More recently, the large VITAL (Vitamin D and
Omega-3 Trial) randomised controlled trial,'® which
included 25871 participants with a median of five
years of follow-up, found that supplementation with
omega 3 fatty acids was associated with a significant
reduction in the risk of myocardial infarction, but
no association with the risk of all CVD events was
found (hazard ratio 0.92, 95% confidence interval
0.80 to 1.06). The protective effect of omega 3 fatty
acids against CVD events could be negligible, or it
could simply be weak.” Thus inadequate sample
sizes might have limited not only the power of prior
randomised controlled trials to detect the clinical
effects of omega 3 fatty acids, but also the ability to
explore potential modifying factors that could affect
the associations between fish oil supplementation
and clinical outcomes. In addition, the performance
of fish oil supplements in randomised controlled trials
is assessed under ideal and controlled circumstances.
Although randomised controlled trials generate the
best evidence for the effects of interventions, their
findings are difficult to generalise to larger, more
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inclusive populations because of their well known
limitations.' Therefore, complementary information
on the effectiveness of fish oil supplements is needed
through evaluation in real life settings of large scale
cohort studies.

In view of the uncertainty,’ a large scale cohort
study could provide the necessary complementary
information on the associations between fish oil
supplements and clinical outcomes. We used
population based cohort data from nearly half a
million adults in the UK Biobank study to investigate
the associations of habitual use of fish oils with the risk
of certain outcomes (the incidence of, and mortality
from, CVD as well as all cause mortality) and to explore
modifying factors that might affect these associations.

Methods

Study setting and participants

The UK Biobank study design and population have
been reported in detail previously.?® 2! Briefly,
between 2006 and 2010, the study recruited 502 536
participants, aged 40-69, from the general population
at 22 assessment centres across England, Scotland,
and Wales. Participants completed a touch screen
questionnaire and a face to face interview, and
provided biological samples; a series of physical
measurements were also taken. Participants with
incomplete data on the use of fish oil (n=6160),
those with CVD (n=32493) or cancer (n=34906) at
baseline, and those who subsequently withdrew from
the study (n=1299) were excluded from the analysis.
In total, our analysis included 427 678 participants
(supplementary fig 1S).

Ascertainment of exposure

At baseline, the habitual use of fish oil supplements
was recorded using an electronic questionnaire.
Participants were asked, “Do you regularly take any of
the following?” and could select their answer from a
list of supplements, including fish oil supplements. We
scored habitual use of fish oil supplements as “1=yes”
or “O=no.”

Ascertainment of outcomes

The primary outcomes of the study were the incidence
of, and mortality from, CVD, and mortality from all
causes. The secondary outcomes were the incidence of,
and mortality from, myocardial infarction and stroke.
The date and cause of death were identified by linking
to death registries of the National Health Service (NHS)
Information Centre for participants from England
and Wales and the NHS Central Register Scotland for
participants from Scotland.”® Additionally, the date
and cause of hospital admissions were identified
by linking to the Scottish Morbidity Records for
participants from Scotland and health episode
statistics for participants from England and Wales.?
Detailed information on the linkage procedures can
be found at http://content.digital.nhs.uk/services.
At the time of analysis, mortality data were available
up to 14 February 2018 for England and Wales and 1
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January 2017 for Scotland. Therefore, for the analyses
of mortality, we censored follow-up at this date or
the date of death, whichever occurred first. Hospital
admission data were available for participants until
14 March 2017. Therefore, for incident CVD events,
we used this date as the end of follow-up unless death
or admission occurred first. We defined incident
CVD events as a hospital admission or death with
the following ICD-10 (International Classification of
Diseases, 10th revision) codes on the hospital or death
records: CVD codes 120-125 and 160-164, myocardial
infarction codes 121, 122, 123, 124.1, or 125.2, stroke
codes 160-164, and CVD death codes 100-199.

Ascertainment of covariates

We used the baseline questionnaire to assess several
possible confounding variables: sociodemographic
factors (age, sex, assessment centre, ethnicity, and
household income), socioeconomic status (Townsend
Deprivation Index), lifestyle habits (smoking status,
alcohol consumption, body mass index (BMI), physical
activity, dietary intake (vegetables, fruit, and oily
fish)), comorbidities (hypertension, diabetes, and
longstandingillness), drug use (antihypertensive drugs,
insulin, statins, and aspirin), vitamin supplementation
(vitamin A, vitamin B, vitamin C, vitamin D, vitamin
E, multivitamin, or folic acid), and mineral and other
dietary supplementation (calcium, iron, zinc, or
selenium). The Townsend Deprivation Index, used as
an indicator of socioeconomic status, is derived from
the residential postcode and is provided directly from
the UK Biobank.?? > Information on medical history
(diabetes and longstanding illness) was collected by
self-report at baseline. BMI was calculated as the weight
in kilograms (kg) divided by the square of the height
in metres (m?). According to healthy physical activity
recommendations,?* we categorised participants into
two groups based on the total time spent in moderate
physical activity in minutes each week: less than 150
minutes or 150 minutes or more per week. Prevalent
hypertension was defined as a self-reported history
of hypertension, the use of antihypertensive drugs, a
systolic blood pressure of 140 mm Hg or higher, or a
diastolic blood pressure of 90 mm Hg or higher. Details
of these assessments can be found on the UK Biobank
website (www.ukbiobank.ac.uk).

Statistical analyses

Baseline characteristics are presented as the number
(percentage) for categorical variables and the mean
(standard deviation) for continuous variables. We used
t tests or 0 tests to examine participant characteristics
according to whether participants were users or non-
users of fish oil supplements at baseline. To minimise
the potential for inferential bias and to maximise the
statistical power possible if participants with missing
covariate data were excluded from the analyses, we
used multiple imputation with chained equations
to assign any missing covariate values.?” Detailed
information on the number of missing covariates is
shown in supplementary table 1S. The associations
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between habitual fish oil supplementation and
outcomes (deaths from all causes, CVD, myocardial
infarction, or stroke; incidence of CVD, myocardial
infarction, or stroke) were explored using Cox
proportional hazard models. The proportional hazard
assumption was evaluated by tests based on Schoenfeld
residuals®®; no violation of this assumption was seen
in our analyses. Two sets of models were used. The
basic model (model 1) was adjusted for baseline age
(years) and sex (male or female). The multivariable
model (model 2) was adjusted for additional variables,
including the Townsend Deprivation Index, ethnicity
(white, black, Asian (Indian, Pakistani, Bangladeshi,
or any other Asian background except Chinese),
Chinese, mixed, or other ethnic group), assessment
centre (22 categories), household income (<£18 000
(€21489; $23253), £18000-£30999, £31000-
£51999, £52000-£100000, or >£100000), BMI,
fruit consumption (<2.0, 2.0-3.9, or >4.0 servings/
day), vegetable consumption (<2.0, 2.0-3.9, or 24.0
servings/day), oily fish consumption (<2 or >2 times/
week), smoking status (never, former, or current),
alcohol consumption (never, 1-2, 3-4, or >5 times/
week), physical activity (<150 or 2150 min/week),
diabetes (yes or no), hypertension (yes or no),
longstanding illness (yes or no), antihypertensive
drug use (yes or no), statin use (yes or no), insulin
treatment (yes or no), aspirin use (yes or no), vitamin
supplementation (yes or no), and mineral and other
dietary supplementation (yes or no).

We performed a stratified analysis to estimate
potential modification effects according to sex (male
or female), age (<60 or 260 years), obesity (yes (BMI
>30) or no (BMI <30)), oily fish consumption (<2 or
>2 times/week), physical activity (<150 or 2150 min/
week), current smoking (yes or no), diabetes (yes or
no), hypertension (yes or no), statin use (yes or no),
and aspirin use (yes or no). We assessed potential
modifying effects by modelling the cross product term
of the stratifying variable with fish oil supplement use.
Furthermore, to test the robustness of the results, we
performed several sensitivity analyses. Firstly, because
participants who take fish oil could be more likely to
use other supplements than those who do not take fish
oil, we conducted a sensitivity analysis by excluding
participants who took any other supplements.
Secondly, to minimise the influence of reverse
causation, we conducted a sensitivity analysis by
excluding participants who developed CVD events or
died during the first two years of follow-up. Moreover,
we restricted the analyses to participants with no
missing covariate data.

We performed all analyses using R software version
3.6.0 (R Development Core Team, Vienna, Austria). We
considered a P value less than 0.05 (two sided) to be
statistically significant.

Patient and public involvement

No patients were involved in setting the research
question or the outcome measures, or in developing
plans for design or implementation of the study. No
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patients were asked to advise on interpretation or
writing up of results.

Results

Baseline characteristics

Table 1 shows the baseline characteristics of the study
participants stratified by fish oil supplementation
status (users versus non-users). Of the 427678
participants, 235438 (55.1%) were female, with a
mean age of 55.9 years. Overall, 133438 (31.2%) of
the 427678 participants reported habitual fish oil
supplementation at baseline. Compared with non-
users, fish oil users were older and were more likely to
be female, not current smokers, and physically active.
In addition, they ate oily fish more frequently and had
a higher prevalence of hypertension and longstanding
illness, but a lower prevalence of diabetes. Fish oil
users were also more likely than non-users to take
antihypertensive drugs, aspirin, vitamin supplements,
and mineral and other dietary supplements.

Fish oil use and outcomes

The median times to follow-up were 9.0 years
(interquartile range 8.3-9.7) for mortality outcomes
and 8.1 years (7.4-8.8) for CVD events. During the
follow-up period, the following deaths and events were
recorded: 12928 all cause deaths (including 3282
deaths from CVD, 1423 from myocardial infarction,
664 from stroke), and 18297 incident CVD events,
7754 myocardial infarctions, and 4009 strokes. Table
2 shows the associations of habitual use of fish oil with
the outcomes. In the analyses, adjusted for age and sex,
we found significant inverse associations of fish oil use
with the risk of all cause mortality, and the incidence
of, and mortality from, CVD events, myocardial
infarction and stroke (all P<0.05). In the multivariable
adjusted models (model 2), the adjusted hazard ratios
associated with fish oil use were 0.87 (95% confidence
interval 0.83 to 0.90) for all cause mortality; 0.84
(0.78t0 0.91) for CVD mortality; 0.80 (0.70 to 0.91) for
myocardial infarction mortality; 0.93 (0.90 to 0.96) for
CVD; 0.92 (0.88 to 0.96) for myocardial infarction; and
0.90 (0.84 to 0.97) for stroke. However, no significant
association between fish oil use and death from stroke
was found (hazard ratio 0.87; 95% confidence interval
0.73 to 1.04; P=0.14).

Subgroup and sensitivity analyses

We conducted stratified analyses according to
potential risk factors (fig 1 and fig 2). For all cause
mortality. The associations between use of fish oil and
the risk of all cause mortality were stronger among
men (P for interaction=0.010) and current smokers
(P for interaction=0.009; fig 1). For CVD events, the
associations were stronger among participants with
prevalent hypertension (P for interaction=0.005; fig 2).
No other significant interactions were found (all P for
interaction 20.05;fig 1 and fig 2). Sensitivity analyses
showed no substantial change when we excluded
participants who developed health events during the
first two years of follow-up (supplementary table 2S),
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Table 1 | Baseline characteristics of the study participants stratified by fish oil use. Values are numbers (percentages)

unless stated otherwise

Overall Fish oil non-users Fish oil users

Characteristics (n=427678) (n=294240) (n=133438) Pvalue
Mean (SD) age (years) 55.9 (8.1) 54.9 (8.2) 58.2 (7.5) <0.001
Female 235438 (55.1) 158 662 (53.9) 76776 (57.5) <0.001
Mean (SD) Townsend Deprivation Index -1.35 (3.06) -1.26 (3.11) -1.56 (2.95) <0.001
Ethnicity

White 392958 (91.9) 269605 (91.6) 123353 (92.4) <0.001

Asian 19 481 (4.6) 14046 (4.8) 5435 (4.1)

Black 7177 (1.7) 4859 (1.7) 2318 (1.7)

Chinese 1440 (0.3) 957 (0.3) 483 (0.4)

Mixed 2621 (0.6) 1829 (0.6) 792 (0.6)

Others 4001 (0.9) 2944 (1.0) 1057 (0.8)
Household income (£)

<18 000* 92686 (21.7) 61180 (20.8) 31506 (23.6) <0.001

18000-30999 108753 (25.4) 70982 (24.1) 37771(28.3)

31000-51999 113525 (26.5) 79134 (26.9) 34391 (25.8)

52 000-100 000 89068 (20.8) 65022 (22.1) 24046 (18.0)

>100000 23646 (5.5) 17922 (6.1) 5724 (4.3)
Mean (SD) body mass index 27.31 (4.75) 27.42 (4.84) 27.07 (4.52) <0.001
Fruit consumption (servings/day)

<2.0 152 429 (35.6) 114 609 (39.0) 37820 (28.3) <0.001

2.0-3.9 206788 (48.4) 137 060 (46.6) 69728 (52.3)

24.0 68 461 (16.0) 42571 (14.5) 25890 (19.4)
Vegetable consumption (servings/day)

<2.0 148 868 (34.8) 108 102 (36.7) 40766 (30.6) <0.001

2.0-3.9 220068 (51.5) 147 636 (50.2) 72432 (54.3)

4.0 58742 (13.7) 38502 (13.1) 20240 (15.2)
Oily fish consumption (times/week)

<2 191926 (44.9) 143119 (48.6) 48 807 (36.6) <0.001

By 235752 (55.1) 151121 (51.4) 84631 (63.4)
Smoking status

Never 240251 (56.2) 166 672 (56.6) 73579 (55.1) <0.001

Former 142810 (33.4) 93819 (31.9) 48991 (36.7)

Current 44617 (10.4) 33749 (11.5) 10868 (8.1)
Alcohol consumption (times/week)

Never 128881 (30.1) 90588 (30.8) 38293 (28.7) <0.001

1-2 111320 (26.0) 76 441 (26.0) 34879 (26.1)

3-4 100322 (23.5) 67953 (23.1) 32369 (24.3)

=5 87 155 (20.4) 59258 (20.1) 27897 (20.9)
Physical activity (min/week)

<150 195246 (45.7) 139769 (47.5) 55477 (41.6) <0.001

2150 232432 (54.3) 154471 (52.5) 77 961 (58.4)
Diabetes 18894 (4.4) 13 480 (4.6) 5414 (4.1) <0.001
Hypertension 230974 (54.0) 154 366 (52.5) 76608 (57.4) <0.001
Longstanding illness 122579 (28.7) 83483 (28.4) 39096 (29.3) <0.001
Antihypertensive drug use 43069 (10.1) 28511 (9.7) 14558 (10.9) <0.001
Statin use 40990 (9.6) 26651 (9.1) 14339 (10.7) <0.001
Insulin treatment 687 (0.2) 532(0.2) 155 (0.1) <0.001
Aspirin use 42550 (9.9) 25920 (8.8) 16630 (12.5) <0.001
Vitamin supplementation 135308 (31.6) 59868 (20.3) 75440 (56.5) <0.001
Mineral and other dietary supplementation 119822 (28.0) 52325(17.8) 67 497 (50.6) <0.001
*£18000=€21 489; $23 253.

used any other supplements (supplementary table household income, BMI, fruit consumption,

3S), or those for whom covariate data were missing
(supplementary table 4S).

Discussion

Inourstudyinvolving nearlyhalfamillionindividuals
from the UK, habitual fish oil supplementation
was associated with a significantly lower all cause
mortality and incidence of, and mortality from,
CVD and myocardial infarction. These associations
were independent of risk factors, including sex,
age, Townsend Deprivation Index, ethnicity,

vegetable consumption, oily fish consumption,
smoking status, alcohol consumption, physical
activity, major comorbidities, drug use, and other
confounding factors. Furthermore, the protective
association of fish oil use against CVD events
was somewhat stronger in those with prevalent
hypertension. In our study, 133 438 (31.2%) of the
427 678 participants reported habitual use of fish oil
supplements. Similarly, the Norfolk-based European
Prospective Investigation into Cancer and Nutrition
reported that 33% of the participants took fish oil

doi: 10.1136/bmj.m456 | BMJ 2020;368:m456 | thebmj
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Table 2 | Associations of use of fish oil supplements with the risk of cardiovascular outcomes and all cause mortality.
Values are numbers (percentages) unless stated otherwise

Fish oil non-users  Fish oil users _Model 1* Model 2t
Outcomes (n=294240) (n=133438) HR(95% CI) Pvalue HR(95% Cl) Pvalue
All cause mortality 8781 (3.0) 4147 (3.1) 0.83(0.80t00.86) <0.001 0.87(0.83t00.90) <0.001
Cardiovascular mortality 2274 (0.8) 1008 (0.8) 0.77 (0.72t00.83)  <0.001  0.84(0.78t00.91) <0.001
Myocardial infarction mortality 1017 (0.3) 406 (0.3) 0.73(0.65t00.81) <0.001 0.80(0.70t00.91) <0.001
Stroke mortality 441 (0.2) 223(0.2) 0.83(0.71t00.98) 0.03 0.87 (0.73 t0 1.04) 0.14
Cardiovascular events 12388 (4.2) 59009 (4.4) 0.88 (0.85t00.91) <0.001 0.93(0.90t00.96) <0.001
Myocardial infarction 5306 (1.8) 2448 (1.8) 0.86 (0.82t0 0.90) <0.001 0.92 (0.88t0 0.96) <0.001
Stroke 2680 (0.9) 1329 (1.0) 0.88 (0.82 t0 0.94) <0.001 0.90(0.84t00.97) 0.01

HR=hazard ratio.

*Model 1: adjusted for age and sex.

tModel 2: included model 1 variables and additionally the Townsend Deprivation Index, assessment centre (22 categories), ethnicity (white, black, Asian,
Chinese, mixed, or other ethnic group), household income (<£18 000 (€21 489; $23 253), £18 000-£30 999, £31 000-£51 999, £52 000-£100 000,
or >£100 000), body mass index, fruit consumption (<2.0, 2.0-3.9, or 24.0 servings/day), vegetable consumption (<2.0, 2.0-3.9, or 24.0 servings/

day), oily fish consumption (<2 or =2 times/week), smoking status (never, former, or current), alcohol consumption (never, 1-2, 3-4, or =5 times/week),
physical activity (<150 or 2150 min/week), diabetes (yes or no), hypertension (yes or no), longstanding illness (yes or no), antihypertensive drug use
(yes or no), statin use (yes or no), insulin treatment use (yes or no), aspirin use (yes or no), vitamin supplementation (yes or no), and mineral and other
dietary supplementation (yes or no).

Subgroup No of Hazard ratio Hazard ratio P value for
participants (95% CI) (95% CI) interaction
Sex
Male 192240 —a— 0.81(0.77 t0 0.86) 0010
Female 235438 —a— 0.95(0.89t0 1.01)
Age (years)
<60 256 397 —_—a 0.81(0.74t0 0.87) 0.08
=60 171281 —a— 0.90(0.85t0 0.94)
Obesity
No 327168 —a— 0.85(0.81t0 0.90) 0.05
Yes 100510 —a— 0.92(0.85t00.99)
Current smoking status
No 383061 —a— 0.90(0.86 t0 0.94) 0,009
Yes 44617 ———B— 0.77 (0.70 t0 0.85)
Oily fish, times/week
<2 191926 —a— 0.88(0.83t0 0.94) 0.41
22 235752 —a— 0.86 (0.82t0 0.90)
Diabetes
No 408 784 —a— 0.88(0.84t00.92) 018
Yes 18894 <+—@— 0.77 (0.67 t0 0.88)
Hypertension
No 196 704 —a— 0.82(0.76 t0 0.88) 010
Yes 230974 —a— 0.89(0.85t0 0.93)
Statin use
No 386 688 —a— 0.86 (0.83t0 0.90) 023
Yes 40990 —_—a 0.89(0.81t0 0.98)
Aspirin use
No 385128 —a— 0.88(0.84t00.92) 012
Yes 42550 —_— 0.81(0.73t0 0.89)
0.7 0.8 0.9 1.0 1.1

Fig 1 | Association of fish oil supplement use and the risk of all cause mortality stratified by potential risk factors.
Results were adjusted for age, sex, Townsend Deprivation Index, assessment centre (22 categories), ethnicity (white,
black, Asian, Chinese, mixed, or other ethnic group), household income (<£18 000 (€21 489; $23253), £18000-
£30999, £31000-£51999, £52000-£100 000, or >£100 000), body mass index, fruit consumption (<2.0, 2.0-3.9,

or 24.0 servings/day), vegetable consumption (¢<2.0, 2.0-3.9, or 24.0 servings/day), oily fish consumption (<2 or 22
times/week), smoking status (never, former, or current), alcohol consumption (never, 1-2, 3-4, or 25 times/week),
physical activity (<150 or 2150 min/week), diabetes (yes or no), hypertension (yes or no), longstanding illness (yes or
no), antihypertensive drug use (yes or no), statin use (yes or no), insulin treatment use (yes or no), aspirin use (yes or
no), vitamin supplementation (yes or no), and mineral and other dietary supplementation (yes or no)
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CVD events CVD mortality
Subgroup No of Hazard ratio Hazard ratio P value for Hazard ratio Hazard ratio P value for
participants (95%CI) (95% CI) interaction (95%ClI) (95% CI) interaction
Sex
Male 192 240 —-— 0.92(0.89t00.96) 041 —-— 0.78 (0.71t0 0.87) 0.09
Female 235438 —a— 0.94 (0.89 to 1.00) —a— 0.91(0.80to0 1.04)
Age (years)
<60 256 397 —a— 0.93(0.87t00.99) 0.89 —a— 0.75(0.64 t0 0.89) 027
=260 171281 —a— 0.93(0.89t00.97) —a— 0.87(0.79t0 0.96)
Obesity
No 327168 —a— 0.92(0.88100.96) 061 —a— 0.84(0.76 t0 0.93) 0.63
Yes 100510 —a— 0.96 (0.90to0 1.02) —a— 0.86 (0.75t0 0.99)
Current smoking status
No 383061 —a 0.93(0.89t00.96) 073 — 0.87(0.79t0 0.95) 0.44
Yes 44 617 ——  0.99(0.90t0 1.08) —&——  0.77(0.641t00.93)
Oily fish, times/week
<2 191926 —a— 0.93(0.88100.98) 092 —a— 0.79 (0.70 to 0.90) 035
=2 235752 —a— 0.94(0.90t0 0.98) —a— 0.88(0.79t0 0.98)
Diabetes
No 408 784 —a 0.93(0.89t00.96) 035 —a 0.84(0.77t00.92) 027
Yes 18 894 — 0.89(0.79t0 0.99) —_— 0.72 (0.57 t0 0.90)
Hypertension
No 196 704 —a— 0.99(0.92t0 1.05) 0,005 —a— 0.86 (0.73t0 1.02) 0.54
Yes 230974 —-— 0.90(0.86 t0 0.94) —a— 0.81(0.74t0 0.89)
Statin use
No 386 688 —-— 0.92(0.89t00.96) 041 —- 0.82(0.75t0 0.90) 033
Yes 40990 —a— 0.96 (0.89 to 1.04) —a— 0.88(0.73t0 1.05)
Aspirin use
No 385128 —a 0.93(0.89t00.96) 086 —a 0.83(0.76t0 0.91) 0.92
Yes 42550 —a— 0.92(0.85t00.99) —a— 0.92(0.85t00.99)
0.7 08 09 10 11 0.7 08 09 10 11

Fig 2 | Associations of fish oil supplement use and the risk of cardiovascular events and cardiovascular mortality stratified by potential risk factors.
Results were adjusted for age, sex, Townsend Deprivation Index, assessment centre (22 categories), ethnicity (white, black, Asian, Chinese, mixed,
or other ethnic group), household income (<£18 000 (€21 489; $23253), £18000-£30999, £31000-£51999, £52000-£100 000, or >£100 000),
body mass index, fruit consumption (<2.0, 2.0-3.9, or 4.0 servings/day), vegetable consumption (¢<2.0, 2.0-3.9, or 4.0 servings/day), oily fish
consumption (<2 or 22 times/week), smoking status (never, former, or current), alcohol consumption (never, 1-2, 3-4, or 25 times/week), physical
activity (<150 or 2150 min/week), diabetes (yes or no), hypertension (yes or no), longstanding illness (yes or no), antihypertensive drug use (yes
or no), statin use (yes or no), insulin treatment use (yes or no), aspirin use (yes or no), vitamin supplementation (yes or no), and mineral and other

dietary supplementation (yes or no)

supplements in the UK®; another study also showed
that 32.6% of the participants (aged more than 45)
self-reported use of fish oil supplements in Australia.”
Owing to its low cost, lack of fishy taste or smell,
convenience of use, and mild side effects,?”° fish oil
supplementations could be an inexpensive, quick,
and safe way of increasing an individual’s omega 3
fatty acid intake.

Our findings are in accordance with the results
of several previous studies that found that fish oil
supplementation is associated with a lower risk of
CVD outcomes. For instance, several studies, including
randomised controlled trials and prospective cohort
studies,” 3°3% reported that omega 3 fatty acid
products had a significant protective effect against
CVD events. In a meta-analysis of 402 127 individuals,
a greater intake of fish was associated with a decreased
risk of stroke.>* Other studies, however, have shown
that omega 3 fatty acids have no effect, or only a weak

effect, on the prevention of CVD.!*®3> One possible
explanation is that those studies could have lacked
sufficient sample sizes or sufficient events. For example,
in a recent large trial (VITAL),'® which included 25 871
participants, major CVD events occurred in 386
participants in the group receiving omega 3 fatty acids
and in 419 participants in the placebo group (hazard
ratio 0.92, 95% confidence interval 0.80 to 1.06),
suggesting that omega 3 fatty acids had no preventive
effect against major CVD events. However, the post
hoc study power for major CVD events in the VITAL
study was only 0.78. By point estimation, our results
(hazard ratio 0.93) were relatively similar to those of
the VITAL study (hazard ratio 0.92). The confidence
interval estimation (0.90 to 0.96) in our study suggests
that omega 3 fatty acids have a significant association
with CVD events. Therefore, we postulate a marginal
inverse association between fish oil supplementation
and CVD events.

doi: 10.1136/bmj.m456 | BMJ 2020;368:m456 | thebmj

yBuAdoo Aq pajoslold 1senb Ag 0Z0z 1Udy OT U0 /wod" g mmmy/:dny woly papeojumod "0202 YoIeN ¥ uo 9Gywlwag/oeTT 0T st paysiiand 1s1y (CINg


http://www.bmj.com/

Another possible explanation is that the lack
of protection from omega 3 fatty acids reported in
previous trials could be due to the dose.>® For instance,
two recent large randomised controlled trials'® *°
reported conflicting results for the effect of omega 3
fatty acids on the risk of CVD, but the daily doses of
these fatty acids given in the two studies differed by
a factor of 4.75: 840 mg versus 3992 mg. Similarly,
the Alpha Omega Trial®® and ASCEND (A Study of
Cardiovascular Events in Diabetes)®® reported that
supplementation with low dose omega 3 fatty acids
was ineffective at reducing CVD events. By increasing
the sample size and carrying out dose-response
analyses, a recent meta-analysis,'° which incorporated
data from 13 randomised controlled trials, showed that
greater benefits for CVD outcomes were achieved with
higher doses of omega 3 fatty acid supplements. This
finding indicates that the conflicting results from the
randomised controlled trials could be due to sample
sizes and the doses of fish oil supplements. This meta-
analysis strongly supports our findings as it provides
the best evidence for an effect of the intervention.
Furthermore, for mortality, several studies have
reported findings that are consistent with our results,
suggesting that habitual use of fish oil supplements is
associated with a lower risk of all cause mortality.>’ >®
Our study also indicates that the association seemed
stronger for CVD mortality than for the incidence of
CVD, implying that fish oils could have a stronger effect
among individuals with established CVD events.

Previous reports have suggested that the effects
of omega 3 fatty acids vary according to a patient’s
previous use of statins.! > Our study, however, showed
no heterogeneity in the effects of fish oil use on CVD
events. In addition, inverse associations of fish oil use
with CVD events seemed to be somewhat stronger in
participants with hypertension than in those without
hypertension, which was consistent with a meta-
regression analysis showing a more favourable effect of
fish oil on blood pressure in those with hypertension.*’

To date, there is insufficient evidence to show which
component of omega 3 fatty acids (docosahexaenoic
acid, eicosapentaenoic acid, or docosahexaenoic acid
and eicosapentaenoic acid) could be beneficial for CVD
outcomes or all cause mortality.°“! Although the recent
randomised controlled trial REDUCE-IT (Reduction
of Cardiovascular Events with Icosapent Ethyl-
Intervention Trial)*® showed that supplementation
with eicosapentaenoic acid ethyl ester reduced the
risk of CVD events, the dose of the supplement (4 g/
day) was significantly higher than in other randomised
controlled trials,'®3?3* and the participants were at a
high risk of CVD events (eg, those using statins with
raised triglyceride levels). The trial left unanswered
whether a normal dose of eicosapentaenoic acid ethyl
ester is effective in the general population, whether the
effects of eicosapentaenoic acid and docosahexaenoic
acid on CVD events are independent, and the optimal
ratio of eicosapentaenoic acid to docosahexaenoic
acid in fish oil supplements. These subjects need to be
examined in future studies.

thelbmj | BMJ2020;368:m456 | doi: 10.1136/bmj.m456
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Several mechanisms could explain the benefits for
clinical outcome derived from fish oil supplementation.
Firstly, the results of several studies have indicated
that supplementation with omega 3 fatty acids
has beneficial effects on blood pressure,’® plasma
triglycerides,*? and heart rate,” all of which would
exert a protective effect against the development of
CVD. Secondly, several trials have shown that omega
3 fatty acids can improve flow mediated arterial
dilatation, which is a measure of endothelial function
and health.**** Thirdly, omega 3 fatty acids have been
shown to possess antiarrhythmic properties that could
be clinically beneficial.*® Finally, studies have reported
that fish oil can reduce thrombosis.*’ Additionally,
studies have reported that the anti-inflammatory
properties of fish oil could have a preventive role in
the pathophysiology of CVD outcomes.!* “® Other
mechanisms could also be involved to explain the
effect of fish oil on CVD outcomes.

Strengths and limitations

Our study has a number of strengths. Firstly, a major
strength is its population based cohort, which shows
the effectiveness of fish oil supplementation in a real-
life setting. Secondly, it included nearly half a million
of participants, which provided a large number of
outcome events and adequate statistical power to
explore important outcomes related to supplement
intake over an 8 to 12 year follow-up period. Finally,
detailed information was available on socioeconomic
characteristics, lifestyle habits, disease prevalence,
drug use, and other covariates, enabling us to perform
comprehensive sensitivity analyses and subgroup
analyses that could help to minimise confounding
factors.

Several potential limitations should also be
considered. Firstly, the study did not record detailed
information on the use of fish oil supplements,
such as the dose, formulation, and duration of use.
The lack of such information precluded us from
evaluating dose-response associations between fish
oil supplementation and outcomes, the independent
effects and best ratio of the individual components
of fish oil supplements, and the optimal duration
of fish oil supplementation. Importantly, from the
published studies, it is also difficult to comment on
the dose of fish oil supplements needed to achieve a
clinically meaningful effect. Secondly, the possibility
of residual confounding factors due to imprecise
measurements or unknown factors cannot be
excluded. Moreover, in an observational study, it is
difficult to separate the effects of a healthy lifestyle
from the habitual use of fish oil supplements.
Therefore, although we carefully adjusted for a
series of confounders in our analyses, the observed
associations could have been affected by healthy
lifestyle or other factors. Finally, reverse causality
might exist in our study, although the results
remained unchanged when we excluded participants
with outcome events that occurred during the first
two years of follow-up.
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Conclusions

The results of this large scale prospective study
show that a considerable proportion (31.2%) of the
427 678 participants reported habitual use of fish oil
supplements. Moreover, we found that habitual fish
oil supplementation was inversely associated with
the risk of CVD outcomes and all cause mortality.
These findings indicate that habitual use of fish oils
is associated with a marginal benefit for CVD events
in the general population, supporting their use for
the prevention of mortality from all causes and CVD.
Future studies are needed to examine the extent to
which the dose of fish oil supplements influences the
ability to achieve a clinically meaningful effect.

We are grateful to UK Biobank participants. This research has been
conducted using the UK Biobank resource (https://www.ukbiobank.
ac.uk) under application number 43795.

Contributors: Z-HL and W-FZ are joint first authors, contributed to
the statistical analyses, and had primary responsibility for writing
the manuscript. Z-HL and W-FZ contributed equally to this article.
CM, DW, X-MS, and X-BW directed the study. Y-JZ, Y-BL, DS, X-RZ,

and QC contributed to the data cleaning. CM, SL, VBK, XG, P-DZ,

and Q-MH contributed to the analysis or interpretation of the data.
CM (maochen9@smu.edu.cn) and DW (dongw96@smu.edu.cn)
contributed equally to this work and should be considered co-
corresponding authors. All authors critically reviewed the manuscript
forimportant intellectual content. CM is the study guarantor. The
corresponding author (CM) attests that all listed authors meet
authorship criteria and that no others meeting the criteria have been
omitted.

Funding: This work was supported by the Guangdong Province
Universities and Colleges Pearl River Scholar Funded Scheme (2019),
Construction of High-level University of Guangdong (6619339521
and G618339167), US National Institutes of Health/National
Institute on Ageing (P30-AG028716), and National Natural Science
Foundation of China (81973109). The funders had no role in the
study design or implementation; data collection, management,
analysis, or interpretation; manuscript preparation, review, or
approval; or the decision to submit the manuscript for publication.

Competing interests: All authors have completed the ICMJE uniform
disclosure form at www.icmje.org/coi_disclosure.pdf and declare:
support from the Guangdong Province Universities and Colleges Pearl
River Scholar Funded Scheme, Construction of High-level University
of Guangdong, US National Institutes of Health/National Institute on
Ageing, and National Natural Science Foundation of China for the
submitted work; no financial relationships with any organisations that
might have an interest in the submitted work in the previous three
years; no other relationships or activities that could appear to have
influenced the submitted work.

Ethical approval: The UK Biobank received ethical approval from
the research ethics committee (REC reference for UK Biobank 11/
NW/0382) and participants provided written informed consent.

Data sharing: The UK Biobank data are available from the UK Biobank
on request (www.ukbiobank.ac.uk/).

The lead author (CM) affirms that the manuscript is an honest,
accurate, and transparent account of the study being reported; that
no important aspects of the study have been omitted; and that any
discrepancies from the study as planned have been explained.

Dissemination to participants and related patient and public
communities: The results of the research will be disseminated to the
public through broadcasts, popular science articles, and newspapers.

This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this work
non-commercially, and license their derivative works on different
terms, provided the original work is properly cited and the use is non-
commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

1 Saravanan P, Davidson NC, Schmidt EB, Calder PC. Cardiovascular
effects of marine omega-3 fatty acids. Lancet 2010;376:540-50.
d0i:10.1016/50140-6736(10)60445-X

2 Kris-Etherton PM, Harris WS, Appel LJ, American Heart Association.
Nutrition Committee. Fish consumption, fish oil, omega-3 fatty

10

11

13

14

15

16

17

18

19

20

RESEARCH

acids, and cardiovascular disease. Circulation 2002;106:2747-57.
doi:10.1161/01.CIR.0000038493.65177.94

Van de Werf F, Bax J, Betriu A, et al, ESC Committee for Practice
Guidelines (CPG). Management of acute myocardial infarction

in patients presenting with persistent ST-segment elevation: the
Task Force on the Management of ST-Segment Elevation Acute
Myocardial Infarction of the European Society of Cardiology. Eur Heart
/2008;29:2909-45. doi:10.1093/eurheartj/ehn416

Adams J, Sibbritt D, Lui C:W, Broom A, Wardle J. Q-3 fatty

acid supplement use in the 45 and Up Study Cohort. BM/

Open 2013;3:€002292. doi:10.1136/bmjopen-2012-002292
Albert BB, Derraik JG, Cameron-Smith D, et al. Fish oil supplements
in New Zealand are highly oxidised and do not meet label

content of n-3 PUFA [correction in: Sci Rep 2016;6:35092]. Sci

Rep 2015;5:7928. doi:10.1038/srep07928

Del Gobbo LC, Imamura F, Aslibekyan S, et al, Cohorts for Heart and
Aging Research in Genomic Epidemiology (CHARGE) Fatty Acids and
Outcomes Research Consortium (FORCe). w-3 polyunsaturated fatty
acid biomarkers and coronary heart disease: pooling project of 19
cohort studies. JAMA Intern Med 2016;176:1155-66. doi:10.1001/
jamainternmed.2016.2925

Siscovick DS, Barringer TA, Fretts AM, et al, American Heart
Association Nutrition Committee of the Council on Lifestyle

and Cardiometabolic Health; Council on Epidemiology and
Prevention; Council on Cardiovascular Disease in the Young;

Council on Cardiovascular and Stroke Nursing; and Council

on Clinical Cardiology. Omega-3 polyunsaturated fatty acid

(fish oil) supplementation and the prevention of clinical
cardiovascular disease: a science advisory from the American

Heart Association. Circulation 2017;135:€867-84. doi:10.1161/
CIR.0000000000000482

Manson JE, Bassuk SS, Lee I-M, et al. The VITamin D and OmegA-3
TriaL (VITAL): rationale and design of a large randomized controlled
trial of vitamin D and marine omega-3 fatty acid supplements for the
primary prevention of cancer and cardiovascular disease. Contemp
Clin Trials 2012;33:159-71. d0i:10.1016/j.cct.2011.09.009
Abdelhamid AS, Brown T}, Brainard JS, et al. Omega-3 fatty acids

for the primary and secondary prevention of cardiovascular

disease. Cochrane Database Syst Rev 2018;7:CD003177.
doi:10.1002/14651858.CD003177.pub3.

Hu Y, Hu FB, Manson JE. Marine omega-3 supplementation and
cardiovascular disease: an updated meta-analysis of 13 randomized
controlled trials involving 127 477 participants. /Am Heart

Assoc 2019;8:e013543. doi:10.1161/JAHA.119.013543
Mozaffarian D, Wu JH. Omega-3 fatty acids and cardiovascular
disease: effects on risk factors, molecular pathways, and clinical
events. JAm Coll Cardiol 2011;58:2047-67. d0i:10.1016/].
jacc.2011.06.063

Yamanushi TT, Kabuto H, Hirakawa E, Janjua N, Takayama F, Mankura
M. Oral administration of eicosapentaenoic acid or docosahexaenoic
acid modifies cardiac function and ameliorates congestive heart
failure in male rats. / Nutr 2014;144:467-74. doi:10.3945/
jn.113.175125

Calviello G, Su H-M, Weylandt KH, Fasano E, Serini S, Cittadini

A. Experimental evidence of w-3 polyunsaturated fatty acid
modulation of inflammatory cytokines and bioactive lipid

mediators: their potential role in inflammatory, neurodegenerative,
and neoplastic diseases. Biomed Res Int 2013;2013:743171.
doi:10.1155/2013/743171

Ascherio A, Rimm EB, Stampfer MJ, Giovannucci EL, Willett WC.
Dietary intake of marine n-3 fatty acids, fish intake, and the risk of
coronary disease among men. N Engl ] Med 1995;332:977-82.
doi:10.1056/NEJM199504133321501

Hu FB, Bronner L, Willett WC, et al. Fish and omega-3 fatty acid intake
and risk of coronary heart disease in women. JAMA 2002;287:1815-
21.d0i:10.1001/jama.287.14.1815

Manson JE, Cook NR, Lee I-M, et al, VITAL Research Group. Marine
n-3 fatty acids and prevention of cardiovascular disease and cancer.
N Englj Med 2019;380:23-32. d0i:10.1056/NEJM0a1811403
Rizos EC, Ntzani EE, Bika E, Kostapanos MS, Elisaf MS. Association
between omega-3 fatty acid supplementation and risk of major
cardiovascular disease events: a systematic review and meta-
analysis. JAMA 2012;308:1024-33. d0i:10.1001/2012.jama.11374
Aung T, Halsey J, Kromhout D, et al, Omega-3 Treatment Trialists’
Collaboration. Associations of omega-3 fatty acid supplement use
with cardiovascular disease risks: meta-analysis of 10 trials involving
77 917 individuals. JAMA Cardiol 2018;3:225-34. doi:10.1001/
jamacardio.2017.5205

Sherman RE, Anderson SA, Dal Pan GJ, et al. Real-world evidence -
what is it and what can it tell us?N Engl ) Med 2016;375:2293-7.
doi:10.1056/NEJMsb1609216

Sudlow C, Gallacher J, Allen N, et al. UK Biobank: an open access
resource for identifying the causes of a wide range of complex
diseases of middle and old age. PLoS Med 2015;12:€1001779.
doi:10.1371/journal.pmed.1001779

doi: 10.1136/bmj.m456 | BMJ 2020;368:m456 | thebmj

“ybuAdoa Aq parosioid 1sanb Aq 0zZ0zZ Jidy 0T UOo /wod g mmm//:dny wolj papeojumoq ‘0202 YoIe 7 Uo 96w lwa/9eTT 0T Se paysignd 1sii :CIANg


https://www.ukbiobank.ac.uk
https://www.ukbiobank.ac.uk
http://www.icmje.org/coi_disclosure.pdf
http://www.ukbiobank.ac.uk/
http://creativecommons.org/licenses/by-nc/4.0/
http://www.bmj.com/

RESEARCH

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

Palmer LJUK. UK Biobank: bank on it. Lancet 2007;369:1980-2.
doi:10.1016/S0140-6736(07)60924-6

Celis-Morales CA, Lyall DM, Welsh P, et al. Association between
active commuting and incident cardiovascular disease, cancer,

and mortality: prospective cohort study. BM/ 2017;357:j1456.
doi:10.1136/bmjj1456

Tyrrell ), Jones SE, Beaumont R, et al. Height, body mass index,

and socioeconomic status: mendelian randomisation study in UK
Biobank. BM/ 2016;352:1582. d0i:10.1136/bm;.i582

World Health Organization. Global recommendations on physical
activity for health. 2010. WHO, 2015.

Buuren Sy, Groothuis-Oudshoorn K. Mice: multivariate imputation by
chained equations in R./ Stat Softw 2010;45:1-68. doi:10.18637/
jsS.V045.103.

Grambsch PM, Therneau TM. Proportional hazards tests and
diagnostics based on weighted residuals. Biometrika 1994;81:515-
26.doi:10.1093/biomet/81.3.515 .

Mazereeuw G, Lanct6t KL, Chau SA, Swardfager W, Herrmann

N. Effects of w-3 fatty acids on cognitive performance: a meta-
analysis. Neurobiol Aging 2012;33:1482.e17-29. doi:10.1016/j.
neurobiolaging.2011.12.014.

Lev-Tzion R, Griffiths AM, Leder O, Turner D. Omega 3 fatty acids
(fish oil) for maintenance of remission in Crohn’s disease. Cochrane
Database Syst Rev 2014;28:CD006320. doi:10.1002/14651858.
CD006320.pub4

Ritter JCS, Budge SM. Key lipid oxidation products can be used to
predict sensory quality of fish oils with different levels of EPA and
DHA. Lipids 2012;47:1169-79. doi:10.1007/s11745-012-3733-7
Bhatt DL, Steg PG, Miller M, et al, REDUCE-IT Investigators.
Cardiovascular risk reduction with icosapent ethyl for
hypertriglyceridemia. N Engl ) Med 2019;380:11-22. doi:10.1056/
NEJM0a1812792

GISSI-Prevenzione Investigators. Dietary supplementation with n-3
polyunsaturated fatty acids and vitamin E after myocardial infarction:
results of the GISSI-Prevenzione trial. Gruppo Italiano per lo Studio
della Sopravvivenza nell'Infarto miocardico. Lancet 1999;354:447 -
55.doi:10.1016/S0140-6736(99)07072-5

Yokoyama M, Origasa H, Matsuzaki M, et al, Japan EPA lipid
intervention study (JELIS) Investigators. Effects of eicosapentaenoic
acid on major coronary events in hypercholesterolaemic patients
(JELIS): a randomised open-label, blinded endpoint analysis.

Lancet 2007;369:1090-8. d0i:10.1016/S0140-6736(07)60527-3
Iso H, Kobayashi M, Ishihara J, et al, JPHC Study Group. Intake

of fish and n3 fatty acids and risk of coronary heart disease

among Japanese: the Japan Public Health Center-Based (JPHC)
Study Cohort I. Circulation 2006;113:195-202. doi:10.1161/
CIRCULATIONAHA.105.581355

Xun P, Qin B, Song Y, et al. Fish consumption and risk of stroke and its
subtypes: accumulative evidence from a meta-analysis of prospective
cohort studies. EurJ Clin Nutr 2012;66:1199-207. doi:10.1038/
ejcn.2012.133

Bowman L, Mafham M, Wallendszus K, et al, ASCEND Study
Collaborative Group. Effects of n-3 fatty acid supplements in

36

37

38

39

40

41

42

43

44

45

46

47

diabetes mellitus. N Engl ] Med 2018;379:1540-50. doi:10.1056/
NEJM0a1804989

Kromhout D, Giltay EJ, Geleijnse JM, Alpha Omega Trial Group. n-3
fatty acids and cardiovascular events after myocardial infarction. N
Engl) Med 2010;363:2015-26. doi:10.1056/NEJM0a1003603
Rauch B, Schiele R, Schneider S, et al, OMEGA Study Group. OMEGA,
a randomized, placebo-controlled trial to test the effect of highly
purified omega-3 fatty acids on top of modern guideline-adjusted
therapy after myocardial infarction. Circulation 2010;122:2152-9.
doi:10.1161/CIRCULATIONAHA.110.948562

Ledn H, Shibata MC, Sivakumaran S, Dorgan M, Chatterley T, Tsuyuki
RT. Effect of fish oil on arrhythmias and mortality: systematic review.
BMJ 2008;337:a2931. doi:10.1136/bmj.a2931

Eussen SR, Geleijnse JM, Giltay EJ, Rompelberg CJ, Klungel OH,
Kromhout D. Effects of n-3 fatty acids on major cardiovascular events
in statin users and non-users with a history of myocardial infarction.
Eur Heart) 2012;33:1582-8. d0i:10.1093/eurheartj/ehr499
Geleijnse JM, Giltay EJ, Grobbee DE, Donders AR, Kok FJ. Blood
pressure response to fish oil supplementation: metaregression
analysis of randomized trials. / Hypertens 2002;20:1493-9.
doi:10.1097/00004872-200208000-00010

Balk EM, Adams GP, Langberg V, et al. Omega-3 fatty acids and
cardiovascular disease: an updated systematic review. Evid Rep
Technol Assess (Full Rep) 2016;(223):1-1252. doi:10.23970/
AHRQEPCERTA223

Harris WS, Ginsberg HN, Arunakul N, et al. Safety and efficacy

of Omacor in severe hypertriglyceridemia. / Cardiovasc

Risk 1997;4:385-91. d0i:10.1097/00043798-199710000-00011
Mozaffarian D, Geelen A, Brouwer IA, Geleijnse JM, Zock PL, Katan
MB. Effect of fish oil on heart rate in humans: a meta-analysis of
randomized controlled trials. Circulation 2005;112:1945-52.
doi:10.1161/CIRCULATIONAHA.105.556886

Stirban A, Nandrean S, Gétting C, et al. Effects of n-3 fatty acids

on macro- and microvascular function in subjects with type 2
diabetes mellitus. Am J Clin Nutr 2010;91:808-13. d0i:10.3945/
ajcn.2009.28374

Dangardt F, Osika W, Chen Y, et al. Omega-3 fatty acid
supplementation improves vascular function and reduces
inflammation in obese adolescents. Atherosclerosis 2010;212:580-
5.doi:10.1016/j.atherosclerosis.2010.06.046

Tribulova N, Szeiffova Bacova B, Egan Benova T, Knezl V, Barancik M,
Slezak J. Omega-3 index and anti-arrhythmic potential of omega-3
PUFAs. Nutrients 2017;9:1191. d0i:10.3390/nu9111191

Bonutti PM, Sodhi N, Patel YH, et al. Novel venous thromboembolic
disease (VTED) prophylaxis for total knee arthroplasty-aspirin and
fish oil. Ann Transl Med 2017;5(Suppl 3):530. doi:10.21037/
atm.2017.11.22

Gerber M. Omega-3 fatty acids and cancers: a systematic update
review of epidemiological studies. Br/ Nutr 2012;107 (Suppl
2):5228-39.d0i:10.1017/50007114512001614

Web appendix: Supplementary materials

No commercial reuse: See rights and reprints http://www.bmj.com/permissions

Subscribe: http://www.bmj.com/subscribe

yBuAdoo Aq pajoslold 1senb Ag 0Z0z 1Udy OT U0 /wod" g mmmy/:dny woly papeojumod "0202 YoIeN ¥ uo 9Gywlwag/oeTT 0T st paysiiand 1s1y (CINg


http://www.bmj.com/

