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BACKGROUND
Increased intake of n−3 fatty acids has been associated with a reduced risk of car-
diovascular disease in observational studies, but this finding has not been confirmed 
in randomized trials. It remains unclear whether n−3 (also called omega-3) fatty 
acid supplementation has cardiovascular benefit in patients with diabetes mellitus.

METHODS
We randomly assigned 15,480 patients with diabetes but without evidence of ath-
erosclerotic cardiovascular disease to receive 1-g capsules containing either n−3 fatty 
acids (fatty acid group) or matching placebo (olive oil) daily. The primary outcome was 
a first serious vascular event (i.e., nonfatal myocardial infarction or stroke, transient 
ischemic attack, or vascular death, excluding confirmed intracranial hemorrhage). 
The secondary outcome was a first serious vascular event or any arterial revascu-
larization.

RESULTS
During a mean follow-up of 7.4 years (adherence rate, 76%), a serious vascular event 
occurred in 689 patients (8.9%) in the fatty acid group and in 712 (9.2%) in the 
placebo group (rate ratio, 0.97; 95% confidence interval [CI], 0.87 to 1.08; P = 0.55). 
The composite outcome of a serious vascular event or revascularization occurred in 
882 patients (11.4%) and 887 patients (11.5%), respectively (rate ratio, 1.00; 95% CI, 
0.91 to 1.09). Death from any cause occurred in 752 patients (9.7%) in the fatty acid 
group and in 788 (10.2%) in the placebo group (rate ratio, 0.95; 95% CI, 0.86 to 1.05). 
There were no significant between-group differences in the rates of nonfatal seri-
ous adverse events.

CONCLUSIONS
Among patients with diabetes without evidence of cardiovascular disease, there was 
no significant difference in the risk of serious vascular events between those who 
were assigned to receive n−3 fatty acid supplementation and those who were as-
signed to receive placebo. (Funded by the British Heart Foundation and others; 
Current Controlled Trials number, ISRCTN60635500; ClinicalTrials.gov number, 
NCT00135226.)

A BS TR AC T

Effects of n−3 Fatty Acid Supplements  
in Diabetes Mellitus

The ASCEND Study Collaborative Group*​​

Original Article

The New England Journal of Medicine 
Downloaded from nejm.org at SAITAMA MEDICAL SCHOOL LIBRARY on December 2, 2018. For personal use only. No other uses without permission. 

 Copyright © 2018 Massachusetts Medical Society. All rights reserved. 



n engl j med 379;16  nejm.org  October 18, 2018 1541

n−3 Fatty Acid Supplements in Diabetes Mellitus

Observational studies in different 
populations have suggested that fish con-
sumption once or twice a week is associ-

ated with a reduced risk of heart disease.1,2 In 2002, 
a systematic review concluded that eating the 
equivalent of 40 to 60 g of fish daily (providing 
about 0.2 to 1.0 g of n−3 fatty acids) was associ-
ated with nearly a 50% reduction in cardiovascular 
mortality.3 However, randomized trials of supple-
mentation with n−3 (also called omega-3) fatty 
acids have shown conflicting results regarding the 
effects on fatal or nonfatal outcomes.4-8 Meta-
analyses of these trials have generally not identi-
fied significant beneficial effects of n−3 fatty acid 
supplementation on major vascular events.9,10

However, interest has persisted about possible 
benefits with respect to particular types of vascu-
lar events (including arrhythmias, heart failure, 
and death from coronary heart disease) on the 
basis, at least in part, of selected results in open-
label trials.4,11,12 A recent meta-analysis10 was con-
ducted of 10 long-term, randomized trials of n−3 
fatty acids as either primary or secondary pre-
vention in a total of 78,000 participants, includ-
ing approximately one third with diabetes or dys-
glycemia who were enrolled mainly in two large 
trials.8,13 During a mean follow-up of 4.4 years, 
the meta-analysis did not show significantly lower 
rates of coronary heart disease or major vascular 
events among the patients who had received n−3 
fatty acids than among those in the control groups.

The American Heart Association guidelines 
currently recommend n−3 fatty acid supplements 
for secondary prevention of coronary heart dis-
ease,14 and fish consumption for primary preven-
tion is recommended in cardiovascular disease 
prevention guidelines.15 Since patients with dia-
betes have two to three times the risk of cardio-
vascular disease as the general population,16 a 
safe dietary supplement with even a modest protec-
tive effect could have a major public health benefit.

We performed the randomized ASCEND  
(A Study of Cardiovascular Events in Diabetes) to 
assess the efficacy and safety of daily supplemen-
tation with n−3 fatty acids, as compared with 
placebo, in patients with diabetes without evi-
dence of cardiovascular disease at trial entry. Us-
ing a factorial design in the same trial, we also 
randomly assigned the patients to receive a daily 
regimen of either 100 mg of aspirin or placebo, 

findings that are now reported elsewhere in the 
Journal.17

Me thods

Trial Oversight

ASCEND was designed and conducted by inde-
pendent investigators in the Clinical Trial Service 
Unit at the University of Oxford (the regulatory 
trial sponsor). The trial methods, patient charac-
teristics, and data analysis plan (including out-
come definitions) have been reported previous-
ly.18,19 The protocol (available with the full text of 
this article at NEJM.org) was approved by the 
North West Multicenter Research Ethics Commit-
tee. The trial was funded by the British Heart 
Foundation. Capsules containing the n−3 fatty 
acids and matching placebo (along with funding 
for packaging) were provided by Mylan (and for-
merly by Solvay and Abbott), and Bayer provided 
the aspirin and placebo. Mylan, Solvay, and Abbott 
had nonvoting representation at meetings of the 
steering committee and provided comments re-
garding the trial design and draft manuscript 
but otherwise had no role in data collection or 
analysis or in the decision to submit the manu-
script for publication.

The manuscript was prepared by the writing 
committee and was reviewed and approved for 
submission by the steering committee. The first 
and last members of the writing committee vouch 
for the completeness and accuracy of the data and 
analyses, and for the fidelity of the trial to the 
study protocol and data analysis plan. Requests 
for data sharing will be handled in line with the 
data access and sharing policy of the Nuffield 
Department of Population Health, University of 
Oxford (available at www​.ndph​.ox​.ac​.uk/​about/​
data​-access​-policy).

Patients

Men and women who were at least 40 years of 
age (without an upper age limit) were considered 
eligible if they had received a diagnosis of diabe-
tes mellitus (any type) but did not have evidence 
of cardiovascular disease. Key exclusion criteria 
were a clear indication or contraindication for the 
receipt of n−3 fatty acids or (with respect to the 
factorial design, reported separately) aspirin or 
other condition that might limit adherence to at 
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least 5 years of participation in the trial. Patients 
who reported the over-the-counter receipt of fish 
oil or n−3 fatty acid supplements were asked to 
stop them wherever possible, but they remained 
eligible to participate in the trial, provided that 
the daily dose was less than 1 g. All the patients 
provided written informed consent.

Procedures

Using regional diabetes registers or general prac-
tice data from around the United Kingdom, we 
identified potential patients and mailed them a 
screening questionnaire. Those who returned the 
questionnaire indicating that they were willing 
and eligible to participate in the trial entered a 
prerandomization run-in phase, during which we 
supplied capsules containing placebo n−3 fatty 
acid (and placebo aspirin in the separate portion 
of the trial), informed their family doctor of their 
potential participation, and sent them a kit to re-
turn nonfasting blood and urine samples and to 
record measures of blood pressure, height, and 
weight. After this run-in period of 8 to 10 weeks, 
patients remained eligible if they returned a ran-
domization questionnaire that confirmed their 
willingness to continue, they still met the eligibility 
criteria, and they had adhered to the trial regimen.

Using minimized randomization,19 we then 
assigned eligible patients to receive 1-g capsules 
containing either 840 mg of marine n−3 fatty 
acids (460 mg of eicosapentaenoic acid [EPA] and 
380 mg of docosahexaenoic acid [DHA]) (fatty acid 
group) or a matching placebo capsule (olive oil) to 
be taken once daily. (In the separate portion of 
the trial, patients were also assigned to receive 
100 mg of aspirin or matching placebo once 
daily.) The patients then were mailed a 6-month 
supply of the appropriate active or placebo cap-
sules and tablets until the end of the scheduled 
treatment period or until the patient chose to 
discontinue taking either the capsules or tablets.

After randomization, we sent follow-up ques-
tionnaires to patients every 6 months until the end 
of the trial. In these questionnaires, we sought 
information regarding all serious adverse events 
(including potential trial outcomes), adherence 
to trial regimens, use of nontrial antiplatelet or 
anticoagulant therapy, nonserious adverse events 
resulting in the discontinuation of a trial agent, 
and any symptomatic bleeding episodes for which 
the patients sought medical assistance. After a 
mean follow-up of 2.5 years, we requested blood 

and urine samples, along with measures of blood 
pressure and weight, from 1800 randomly selected 
patients. (Details are provided in the Methods sec-
tion of Supplementary Appendix 1, available at 
NEJM.org.)

Outcomes

While recruitment was still ongoing, we modified 
the original primary outcome to include transient 
ischemic attack (TIA) in the definition of serious 
vascular events, a change that was made to in-
crease the statistical power of the trial. Thus, the 
prespecified primary efficacy outcome was the 
first serious vascular event, which was defined as 
a composite of nonfatal myocardial infarction or 
stroke (excluding confirmed intracranial hemor-
rhage), TIA, or vascular death excluding intracra-
nial hemorrhage. The secondary efficacy outcome 
was a composite of any serious vascular event or 
any arterial revascularization procedure. All re-
ports of possible primary or secondary outcomes 
were adjudicated centrally by clinicians who were 
unaware of trial-group assignments in accordance 
with prespecified definitions. It was prespecified 
that analyses would be based on all confirmed plus 
unrefuted reported events (see the Methods section 
of Supplementary Appendix 1).

Statistical Analysis

The data analysis plan was finalized by the steer-
ing committee and published while all the mem-
bers were still unaware of the trial results accord-
ing to group assignment (except for a statistician 
who was aware of trial-group assignments but 
was not involved in the development of the analy-
sis plan). In addition to revising the definition of 
serious vascular events to include TIA, the sam-
ple size was increased to at least 15,000 patients 
and the duration of follow-up was extended to at 
least 7 years to increase the power of the trial.19 
(Details are provided in Supplementary Appen-
dix 1.)

On the basis of a rate of serious vascular events 
of 1.2 to 1.3% per year, as observed in both groups 
combined after recruitment was complete, we 
determined that 7.5 years of scheduled treatment 
and follow-up would provide a power of 90% at an 
alpha value of less than 0.05 to detect a relative 
between-group difference of 15%. We used log-
rank methods to conduct intention-to-treat com-
parisons in time-to-event analyses of the first oc-
currence of each type of event of interest among 
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patients in the two trial groups. A two-tailed P value 
of less than 0.05 was considered to indicate statis-
tical significance for the primary efficacy outcome.

For secondary and exploratory outcomes, it was 
prespecified that the combined secondary out-
come of a serious vascular event or revascular-
ization would be used for any subgroup analyses. 
We made allowance for multiple hypothesis test-
ing in the interpretation of secondary and ex-
ploratory outcomes, with no formal adjustment to 
P values. Consequently, the results are reported 
as point estimates and 95% confidence intervals 
that have not been adjusted for multiple compari-
sons, so the intervals should not be used to infer 
definitive treatment effects within subgroups or 
for secondary outcomes. Details regarding other 
secondary and exploratory assessments are pro-
vided in the data analysis plan,19 with further de-
tails regarding statistical analysis methods pro-
vided in Supplementary Appendix 1.

R esult s

Patients

From June 2005 through July 2011, a total of 
15,480 patients underwent randomization. The 
characteristics of the patients were well balanced 
between the groups (Table 1, and Tables S1 and S2 
in Supplementary Appendix 1). At the end of the 
scheduled follow-up period, complete follow-up 
data were available for 15,341 patients (99.1%) 
(Fig. 1, and Table S3 in Supplementary Appendix 
1). At a mean follow-up of 7.4 years, data were 
available for 57,022 person-years in the fatty acid 
group and 56,924 person-years in the placebo 
group. Adjudication was complete for more than 
90% of the primary and secondary outcomes.

Adherence and Effects on Cardiovascular 
Measures

The mean adherence to the assigned regimen 
(weighted according to person-years at risk) was 
77% in the fatty acid group and 76% in the placebo 
group. Reasons for discontinuation of a trial inter-
vention did not differ between groups (Tables S4 
and S5 in Supplementary Appendix 1). The use of 
over-the-counter fish oil supplement was reported 
by 10% of the patients at baseline and by 7% after 
6.7 years of follow-up, with no significant differ-
ence between the groups. In addition, there was 
no significant between-group difference in the use 
of nontrial medications at randomization or after 

6.7 years of follow-up (Table S6 in Supplementary 
Appendix 1).

In exploratory analyses, various vascular mark-
ers were measured in a subgroup of patients at a 
mean of 2.5 years after randomization and did not 
clearly differ according to trial group (Table S7 
in Supplementary Appendix 1). The Omega-3 Index 
(a measure of the EPA and DHA content of red 
cells expressed as a percentage of fatty acids)20 
was measured in a randomly selected subgroup 
of 152 patients who provided blood samples at 
both baseline and during follow-up. There was 
little change in the percentage among patients 
in the placebo group (6.6% at baseline and 6.5% 
at follow-up), whereas the percentage increased 
from 7.1% to 9.1% in the fatty acid group, a rela-
tive increase of 32.5% (95% confidence interval 
[CI], 26.3 to 39.1), as compared with placebo, af-
ter allowance for the baseline Omega-3 Index.

Primary and Secondary Outcomes

Serious vascular events occurred in 689 patients 
(8.9%) in the fatty acid group and in 712 patients 
(9.2%) in the placebo group (rate ratio, 0.97; 95% 
CI, 0.87 to 1.08; P = 0.55) (Fig. 2A), with no evi-
dence of effects emerging with longer follow-up 
(Fig. 2B). There was also no significant between-
group difference in the secondary outcome of seri-
ous vascular events or revascularization, which 
occurred in 882 patients (11.4%) in the fatty acid 
group and in 887 (11.5%) in the placebo group 
(rate ratio, 1.00; 95% CI, 0.91 to 1.09) (Fig. 3).

There were similar rates of deaths from any 
cause in the fatty acid group and the placebo 
group, with deaths reported in 752 patients (9.7%) 
and 788 patients (10.2%), respectively (rate ratio, 
0.95; 95% CI, 0.86 to 1.05). We could not reliably 
ascertain specific arrhythmic causes of death, so 
sudden deaths that were believed to be from coro-
nary disease were combined with other deaths 
attributed to coronary disease. In exploratory 
analyses, there were fewer vascular deaths (which 
represented 28% of all deaths) in the fatty acid 
group than in the placebo group, regardless of 
whether deaths from intracranial hemorrhage 
were excluded (186 patients [2.4%] vs. 228 [2.9%]) 
(Fig. 3) or included (196 patients [2.5%] vs. 240 
[3.1%]) (Fig. 4).

Subgroup Analyses

In subgroup analyses of serious vascular events 
or revascularization, there was no evidence that 
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Characteristic
Fatty Acid Group 

(N = 7740)
Placebo Group 

(N = 7740)

Age

Mean — yr 63.3±9.2 63.3±9.2

<60 yr — no. (%) 2791 (36.1) 2799 (36.2)

60 to <70 yr — no. (%) 3127 (40.4) 3120 (40.3)

≥70 yr — no. (%) 1822 (23.5) 1821 (23.5)

Male sex — no. (%) 4842 (62.6) 4842 (62.6)

White race — no. (%)† 7467 (96.5) 7468 (96.5)

Body-mass index‡

Mean 30.7±6.3 30.8±6.2

<25 — no. (%) 1129 (14.6) 1120 (14.5)

25 to <30 — no. (%) 2771 (35.8) 2758 (35.6)

≥30 — no. (%) 3584 (46.3) 3617 (46.7)

Unknown — no. (%) 256 (3.3) 245 (3.2)

Smoking status — no. (%)

Current smoker 639 (8.3) 640 (8.3)

Former smoker 3527 (45.6) 3524 (45.5)

Never smoker 3489 (45.1) 3488 (45.1)

Unknown 85 (1.1) 88 (1.1)

Patient-reported hypertension — no. (%) 4768 (61.6) 4765 (61.6)

Medication use — no. (%)

Aspirin 2744 (35.5) 2764 (35.7)

Statin 5791 (74.8) 5862 (75.7)

Type 2 diabetes — no. (%)§ 7280 (94.1) 7289 (94.2)

Duration

Median (IQR) — yr 7 (3–12) 7 (3–13)

<9 yr — no. (%) 4332 (56.0) 4327 (55.9)

≥9 yr — no. (%) 2980 (38.5) 2985 (38.6)

Unknown — no. (%) 428 (5.5) 428 (5.5)

Systolic blood pressure¶

Mean — mm Hg 136.2±15.4 136.2±15.1

<130 mm Hg — no. (%) 1695 (21.9) 1699 (22.0)

130 to <140 mm Hg — no. (%) 1547 (20.0) 1544 (19.9)

≥140 mm Hg — no. (%) 2279 (29.4) 2276 (29.4)

Unknown — no. (%) 2219 (28.7) 2221 (28.7)

Vascular risk score‖

Low 3144 (40.6) 3120 (40.3)

Moderate 3269 (42.2) 3279 (42.4)

High 1327 (17.1) 1341 (17.3)

*	�Plus–minus values are means ±SD. There were no significant differences between the assigned groups. Percentages 
may not total 100 because of rounding. IQR denotes interquartile range.

†	�Race and ethnic group were reported by the patients. Other groups were Indian, Pakistani, or Bangladeshi (1%), African 
or Caribbean (1%), and other or unknown (1%).

‡	�The body-mass index (the weight in kilograms divided by the square of the height in meters) was based on values for 
height and weight reported by the patients.

§	� The presence of type 2 diabetes was based on a broad clinical definition that included the age at the time of diagnosis, 
use of insulin within 1 year after diagnosis, and body-mass index.

¶	�Blood pressure was measured at the time that a blood sample was obtained, generally before randomization.
‖	�The vascular risk score was the predicted 5-year risk of a serious vascular event (including transient ischemic attack) 

without the receipt of aspirin or n−3 fatty acids. The risk was categorized as low (<5%), moderate (5% to <10%), and 
high (≥10%). Details about how this score was calculated are provided in Supplementary Appendix 1.

Table 1. Characteristics of the Patients at Baseline.*
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the proportional effects of n−3 fatty acids varied 
according to prespecified baseline characteristics 
or according to aspirin or placebo assignment 
(P = 0.71 for interaction) (Fig. S1 in Supplementary 
Appendix 1). Exploratory assessments of the ef-
fects on other vascular and microvascular out-
comes are shown in Table S8 and Figure S2 in 

Supplementary Appendix 1, with similar results 
in the two groups.

Effects on Cancer and Other Nonvascular 
Outcomes

There were no significant between-group differ-
ences in the incidence of fatal or nonfatal cancer 

Figure 1. Enrollment and Completeness of Data.

15,480 Underwent randomization

26,462 Entered run-in phase

10,982 Were excluded
5345 Were unwilling to continue
2832 Did not return randomization

questionnaire
1453 Were not eligible
556 Had medical advice not to continue
419 Had adverse event
377 Had other reason

121,254 Patients were assessed for eligibility

94,792 Were excluded
66,498 Declined to participate
14,451 Were ineligible
2,465 Had incomplete questionnaire

11,378 Were not needed because recruitment
target was met

3870 Were assigned to receive
active n−3 fatty acids

and active aspirin

3870 Were assigned to receive
placebo n−3 fatty acids and

placebo aspirin

3870 Were assigned to receive
active n−3 fatty acids and

placebo aspirin 

3870 Were assigned to receive
placebo n−3 fatty acids and

active aspirin

7740 Were assigned to receive active n−3 fatty acids 7740 Were assigned to receive placebo n−3 fatty acids

68 (0.9%) Had incomplete follow-up information
26 (0.3%) Withdrew consent
19 (0.2%) Moved abroad
23 (0.3%) Were lost to follow-up

7672 (99.1%) Had complete follow-up information

71 (0.9%) Had incomplete follow-up information
39 (0.5%) Withdrew consent
12 (0.2%) Moved abroad
20 (0.3%) Were lost to follow-up

7669 (99.1%) Had complete follow-up information

7740 Were included in the analysis 7740 Were included in the analysis
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either overall or at any particular body site (Figs. 
S3 and S4 in Supplementary Appendix 1). Rates 
of death from nonvascular causes were also simi-
lar in the two groups (Fig. 4). Searchable tabula-
tions of all recorded fatal or nonfatal serious 
adverse events, as classified according to the defi-

nitions in the Medical Dictionary for Regulatory Activi-
ties, version 14.0, are provided in Supplementary 
Appendix 2, available at NEJM.org. After allow-
ance for multiple comparisons, no significant dif-
ferences at the system organ class level or lower 
levels were observed between the two trial groups.

Figure 2. First Serious Vascular Events during Follow-up.

Panel A shows a Kaplan–Meier plot of the first serious vascular event (a composite of nonfatal myocardial infarction 
or ischemic stroke, transient ischemic attack, or vascular death excluding confirmed intracranial hemorrhage) dur-
ing follow-up. The numbers of patients at risk at the start of each year of follow-up are shown, along with the cumu-
lative number (±SE) of patients in whom a serious vascular event was avoided per 1000 patients in the fatty acid 
group, as compared with the placebo group. The inset graph shows the same data on an expanded y axis. Panel B 
shows rate ratios for the first serious vascular event among the patients in the fatty acid group, as compared with 
the placebo group, according to follow-up period. The numbers at risk declined with each period of follow-up be-
cause of data censoring, so the percentages are the number of events as a proportion of the number of patients at 
risk at the start of the period. For each period of follow-up, rate ratios are plotted as squares, with the size of each 
square proportional to the amount of statistical information that was available. The horizontal lines represent 95% 
confidence intervals, which have not been adjusted for multiple comparisons.
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Discussion

Patients with diabetes and no evidence of car-
diovascular disease who received a daily regimen 
of 1-g capsules of n−3 fatty acids did not have a 
significantly lower incidence of serious vascular 
events than those who received placebo after a 
follow-up of 7.4 years. There also was no sig-
nificant between-group difference in the inci-
dence of a secondary composite outcome of seri-
ous vascular events or revascularization. This lack 
of effect is consistent with the results for coro-
nary heart disease and for major vascular events 
in a recent meta-analysis of 10 randomized trials 
involving 78,000 patients, including more than 
one third who had diabetes or dysglycemia,10 and 
with the findings in a recent Cochrane review.21 
Similarly, there were no apparent significant ben-
efits of supplementation in a meta-analysis that 
was restricted to placebo-controlled trials9 or in 
a meta-analysis that also included trials involving 
patients with an implantable cardioverter–defi-
brillator, who would be at elevated risk for sud-
den death.22

In some reviews, investigators have suggested 
that n−3 fatty acid supplementation may reduce 
the risk of fatal coronary heart disease or cardiac 
death, but such reviews have typically included 
observational studies (which are prone to various 

biases) along with randomized trials (including 
unblinded ones in which biased outcome ascer-
tainment cannot be ruled out).23,24 The recent 
meta-analysis10 suggested a possible modest ben-
efit for n−3 fatty acid supplementation with re-
spect to fatal coronary heart disease (rate ratio, 
0.93; 95% CI, 0.85 to 1.00), but this finding was 
partially driven by the results of two open-label 
trials. If the results of ASCEND for this outcome 
had been included in the meta-analysis, there is 
a possibility of a small benefit with respect to fatal 
coronary heart disease. However, the rate ratio for 
major vascular events (including stroke and revas-
cularization) in the meta-analysis10 was 0.97 (95% 
CI, 0.93 to 1.01) and the rate ratio for serious 
vascular events or revascularization in our trial 
was 1.00 (95% CI, 0.91 to 1.09), which suggests 
little or no benefit when all vascular events are 
considered. Additional data from the ongoing pla-
cebo-controlled VITAL (Vitamin D and Omega-3 
Trial) of n−3 fatty acids in the primary prevention 
of cancer and cardiovascular disease involving 
25,875 adults will provide more information about 
any potential effects of such supplementation.25

Previous trials have not suggested any differ-
ences in the effects of n−3 fatty acid supplemen-
tation in primary prevention, as compared with 
secondary prevention or in participants with dia-
betes, as compared with those without diabetes. 

Figure 3. Components of Serious Vascular Events and Revascularization.

Shown are rate ratios for the components of the primary outcome and for the secondary outcome (serious vascular events or any revas-
cularization procedure) in the fatty acid group and the placebo group. Patients could have more than one component event. The data 
for vascular death do not include patients who had intracranial hemorrhage. The size of the square for each rate ratio is proportional to 
the amount of statistical information that was available. For composite outcomes, the rate ratio and corresponding 95% confidence in-
terval are represented by diamonds. The horizontal lines represent 95% confidence intervals, which have not been adjusted for multiple 
comparisons.
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Seven of the 10 randomized trials (mean duration, 
4.4 years) that were included in the recent meta-
analysis assessed a daily regimen of 1-g capsules 
of n−3 fatty acids (as in our trial), whereas one 
assessed a lower dose using fortified margarine,7 
one small trial assessed 2.4 g daily, and the large, 
open-label JELIS (Japan EPA Lipid Intervention 
Study) assessed 1.8 g of EPA alone daily.12 The 
relative reduction in the rate of coronary heart 
disease among the patients who received n−3 
fatty acid supplementation, as compared with 
controls (19%; 95% CI, 5 to 31), in JELIS has 
prompted the initiation of two additional trials 
— STRENGTH (Statin Residual Risk Reduction 
with EpaNova in High Cardiovascular Risk Patients 
with Hypertriglyceridemia; ClinicalTrials.gov num-
ber, NCT02104817), involving 13,000 patients, 
and REDUCE-IT (Reduction of Cardiovascular 
Events with EPA-Intervention Trial, NCT01492361), 
involving 8000 patients — which are assessing 
the effects of 3 to 4 g of EPA daily.

The dose of n−3 fatty acids that we tested in our 
trial was associated with no excesses of symptoms 
leading to discontinuation, and there was no sug-
gestion of major adverse effects on any type of 
serious adverse event (including cancer at any site). 
Triglyceride levels can be reduced by the admin-
istration of higher doses of n−3 fatty acid sup-
plements (typically, 2 to 4 g daily) than were 
used in our trial (in which triglyceride levels were 
not measured), and it is possible that a reduction 

in the triglyceride level may produce benefits in 
some patients with diabetes.26

Some clinical guidelines still recommend the 
use of n−3 fatty acid supplements for the second-
ary prevention of coronary heart disease27 and 
advocate the consumption of fish once or twice 
a week to reduce the risk of congestive heart fail-
ure, coronary heart disease, ischemic stroke, and 
sudden cardiac death,15,28 despite the accumulat-
ing evidence from randomized trials that such 
supplements have little or no effect on cardio-
vascular outcomes. In some earlier trials, inves-
tigators evaluated the results of either increased 
fish consumption or n−3 fatty acid supplementa-
tion,4,5 a study design that has made it difficult 
to assess the effects of either intervention alone. 
Fish clearly contain other nutrients, and consump-
tion of one food alters the consumption of others. 
The recommendations to increase fish intake are 
based on observational evidence, but the random-
ized trials of supplements have largely not shown 
cardiovascular benefit.

In conclusion, among patients with diabetes 
but without evidence of cardiovascular disease at 
baseline, there was no significant difference in 
the incidence of serious vascular events between 
those who received n−3 fatty acids and those who 
received placebo. These findings, together with 
results of earlier randomized trials involving pa-
tients with and those without diabetes, do not 
support the current recommendations for routine 

Figure 4. Death from Vascular or Other Causes.

Shown are rate ratios for death, according to the cause, in the fatty acid group and the placebo group. For the com-
posite of all deaths, the rate ratio and its corresponding 95% confidence interval are represented by a diamond.

Cause of Death

0.8 1.0 1.61.41.2

Placebo BetterFatty Acids Better

Rate Ratio (95% CI)

0.79 (0.61–1.02)

0.94 (0.59–1.50)

0.80 (0.57–1.12)

0.82 (0.68–0.98)

0.95 (0.82–1.12)

0.93 (0.68–1.28)

1.26 (1.00–1.59)

0.77 (0.41–1.45)

1.01 (0.90–1.14)

0.75 (0.17–3.31)

0.95 (0.86–1.05)

0.6

Coronary

All stroke

Other vascular

Vascular

Cancer

Respiratory

Other medical

External causes

Nonvascular

Unknown cause

All causes

Fatty Acids
(N=7740)

Placebo
(N=7740)

no. of patients with event (%)

100 (1.3)

35 (0.5)

61 (0.8)

196 (2.5)

305 (3.9)

73 (0.9)

158 (2.0)

17 (0.2)

553 (7.1)

3 (0.0)

752 (9.7)

127 (1.6)

  37 (0.5)

  76 (1.0)

240 (3.1)

319 (4.1)

  78 (1.0)

125 (1.6)

  22 (0.3)

544 (7.0)

    4 (0.1)

788 (10.2)

The New England Journal of Medicine 
Downloaded from nejm.org at SAITAMA MEDICAL SCHOOL LIBRARY on December 2, 2018. For personal use only. No other uses without permission. 

 Copyright © 2018 Massachusetts Medical Society. All rights reserved. 



n engl j med 379;16  nejm.org  October 18, 2018 1549

n−3 Fatty Acid Supplements in Diabetes Mellitus

dietary supplementation with n−3 fatty acids to 
prevent vascular events.
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