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OBJECTIVEdWe carried out a secondary analysis in high-risk patients with a previous myocardial infarction (MI) and diabetes in the Alpha Omega Trial. We tested the hypothesis that in
these patients an increased intake of the n-3 fatty acids eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), and a-linolenic acid (ALA) will reduce the incidence of ventricular arrhythmias and fatal MI.
RESEARCH DESIGN AND METHODSdA subgroup of 1,014 post-MI patients with
diabetes aged 60–80 years was randomly allocated to receive one of four trial margarines, three
with an additional amount of n-3 fatty acids and one placebo for 40 months. The end points were
ventricular arrhythmia–related events and fatal MI. The data were analyzed according to the
intention-to-treat principle, using multivariable Cox proportional hazards models.
RESULTSdThe patients consumed on average 18.6 g of margarine per day, which resulted in
an additional intake of 223 mg EPA plus 149 mg DHA and/or 1.9 g ALA in the active treatment
groups. During follow-up, 29 patients developed a ventricular arrhythmia–related events and 27
had a fatal MI. Compared with placebo patients, the EPA-DHA plus ALA group experienced less
ventricular arrhythmia–related events (hazard ratio 0.16; 95% CI 0.04–0.69). These n-3 fatty
acids also reduced the combined end-point ventricular arrhythmia–related events and fatal MI
(0.28; 0.11–0.71).
CONCLUSIONSdOur results suggest that low-dose supplementation of n-3 fatty acids
exerts a protective effect against ventricular arrhythmia–related events in post-MI patients with
diabetes.
Diabetes Care 34:2515–2520, 2011

T

here is strong evidence from prospective cohort studies and randomized trials that .250 mg/day of the
ﬁsh fatty acids eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA)
will reduce fatal coronary heart disease
(CHD) by as much as 36% (1). There is
also evidence, although less conclusive,

that EPA-DHA reduces sudden death
(2,3). Prospective cohort studies have
provided evidence that the plant food–
derived n-3 fatty acid a-linolenic acid
(ALA) may reduce fatal CHD (4). Animal
experiments showed that n-3 fatty acids
reduce the vulnerability to cardiac arrhythmias (5). The Alpha Omega Trial
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tested the hypothesis that an additional intake of 0.4 g/day of EPA-DHA or 1.9 g/day of
ALA will reduce fatal CHD and ventricular
arrhythmia–related events in stable postmyocardial infarction (post-MI) patients
(6). However, this hypothesis was not conﬁrmed in the main analysis of the trial (7).
A post hoc analysis of the Alpha
Omega Trial showed that in post-MI
patients with diabetes, EPA-DHA reduced
both fatal CHD and ventricular arrhythmia–
related events by 49% (7). The reduction
in these end points was in accord with
that obtained in the Gruppo Italiano per
lo Studio della Sopravvivenza nell’Infarto
miocardico (GISSI)-Prevenzione trial
for fatal coronary and sudden death (8).
In the Alpha Omega Trial, an even stronger reduction of 61% of ventricular arrhythmia–related events was observed
for ALA. This evokes the question of
whether post-MI patients with diabetes
are particularly susceptible to protective
effects of n-3 fatty acids on fatal CHD
and ventricular arrhythmia–related events.
In a cohort study of diabetic women,
a dose-response relation was observed between ﬁsh consumption and CHD mortality (9). Women who consumed ﬁsh
ﬁve or more times per week had a 64%
lower risk of CHD mortality compared
with those who consumed ﬁsh less than
once per month. In a trial of heart failure
patients with diabetes, a supplement of
0.9 g EPA-DHA per day reduced the composite end point of all-cause mortality or
admission to the hospital for cardiovascular reasons signiﬁcantly with 11% (10).
Although evidence of the effect of ﬁsh
consumption and EPA-DHA supplementation on fatal CHD in patients with diabetes is small, the available data are
compatible with the hypothesis that
EPA-DHA may protect against fatal CHD.
The life expectancy of a 50-year-old
patient with diabetes is 6 years shorter
than that of a person without diabetes
(11). This difference is largely due to an
increased risk of macrovascular diseases
among diabetic patients. In addition,
they have an increased risk of fatal CHD
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(12) and an increased risk of sudden
death (13,14). A previous MI in combination with diabetes especially makes
patients prone to fatal CHD and ventricular arrhythmia–related sudden death
(12,15). Therefore, post-MI patients with
diabetes are a suitable group to test the hypothesis that n-3 fatty acids protect against
fatal CHD and ventricular arrhythmia–
related events.
Overlap in the deﬁnitions of ventricular arrhythmia–related events and in fatal
CHD was present in the main publication
of the results of the Alpha Omega Trial (7).
Both end points included fatal cardiac arrest and sudden death. In the present analysis, mutually exclusive deﬁnitions will be
used; therefore, fatal CHD is limited to fatal MI. In the main publication, the two
groups that received EPA-DHA were compared with the two groups that did not
receive EPA-DHA. The same strategy was
used for ALA. This was done because in
the analysis of the primary end-point major cardiovascular events, the cumulative
incidence of the four treatment groups
did not differ. Here we present the results
of an in-depth analysis of the effects of
different n-3 fatty acids compared with
placebo on ventricular arrhythmia–related
events and fatal MI in stable post-MI patients with diabetes.
RESEARCH DESIGN AND
METHODS
Design and patients
The Alpha Omega Trial is a multicenter,
double-blind, placebo-controlled trial
with a 2 3 2 factorial design, which has
been described in detail elsewhere (6,7).
In collaboration with cardiologists from
32 hospitals in the Netherlands, we recruited 4,837 patients aged 60–80 years
with a clinically diagnosed MI up to 10 years
before randomization. For the current study,
the results of 1,014 patients with diabetes
were analyzed (Supplementary Fig. 1).
These patients were randomly assigned to
daily consumption of four different trial
margarines for a period of 40 months.
The patients were randomly allocated
to four groups and received either no
additional n-3 fatty acids or ;400 mg/day
EPA+DHA, 2 g/day ALA, or the combination. The doses corresponded to recommended dietary allowances of those fatty
acids. In trial margarines for active treatment groups, oleic acid was exchanged
for the different n-3 fatty acids. The ratio
of EPA to DHA in the spreads was 3:2. The
margarines were developed by Unilever
2516

Research and Development and could
not be distinguished from each other in
taste, odor, texture, and color. The trial
was conducted in accordance with the
Helsinki Declaration and approved by
one central medical ethics committee
and by the committees of all participating
hospitals. Written informed consent was
obtained from all patients.
Procedures
For logistical reasons, all patients used
placebo margarine during the ﬁrst 4–6
weeks after randomization, after which
actual treatment started. After randomization, the patients received eight blinded
margarine tubs of 250 g every 12 weeks.
Unused margarine tubs were returned.
Based on this information, the daily intakes of margarine and n-3 fatty acids
were calculated. An objective measure of
compliance was obtained by determining
fatty acids in plasma cholesteryl esters in
random subgroups of patients at baseline
and after 20 and 40 months of intervention.
Our deﬁnition of diabetes was based
on a physician’s diagnosis, use of antidiabetic drugs, and/or elevated blood glucose, deﬁned as a casual plasma glucose
level of $7.0 mmol/L (126 mg/dL) for
patients who had fasted .4 h or a level
$11.1 mmol/L (200.0 mg/dL) in patients
who did not fast. Demographic factors,
lifestyle, drug use, and medical history
were assessed by questionnaire (6). Medication was coded according to the Anatomical Therapeutic Chemical (ATC)
Classiﬁcation System (World Health Organization, 2009), including ATC code
A10 for antidiabetic medication. Physical
activity was assessed by the validated
physical activity scale for the elderly
(PASE) questionnaire. A patient was
called physically active when he or she
had at least 5 days per week of .30
min/day of physical activities of at least
three metabolic equivalents of task. Anthropometric measures, blood pressure,
and heart rate were taken, and nonfasting
blood was collected for determining serum
lipids, plasma cholesteryl esters, and glucose (6). Examinations were repeated in a
random sample of 159 (15.7%) patients
after 20 months and after 40 months in
476 patients (46.9%) who completed the
trial before 1 January 2009. Due to budget
constraints, the remainder of the cohort
ﬁlled out mailed questionnaires only.
Outcome
All patients were followed for clinical
events, including those who discontinued
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margarine use during the trial. We monitored vital status of all patients using a
computerized link with municipal registers with 100% coverage. For fatal cases,
death certiﬁcates were obtained from
Statistics Netherlands and general practitioners ﬁlled out a standard form on
primary and contributing causes of death.
Additional information on fatal events
was obtained from hospitals, nursing
homes, and family members. Three members of the Endpoint Adjudication Committee who were blinded for patient
identity, treating physician, and allocated
treatment coded the fatal events independently according to the 10th revision of
the International Classiﬁcation of Diseases.
In the cases of disagreement, information
about the underlying causes of death was
discussed until consensus was reached.
In the original trial protocol, the
primary end point was fatal CHD, and
one of the secondary end points was
sudden death, a proxy for fatal arrhythmias (6). Due to the low mortality rate,
the Steering Committee approved the
switch from primary to secondary end
point for fatal CHD, and the extension
with placement of cardioverter deﬁbrillators for the deﬁnition of sudden death, as
described in the Statistical Analysis Plan
(7). Fatal CHD was deﬁned as mortality
from MI (I20–I25), cardiac arrest (I46),
and sudden death undeﬁned (R96) and
the composite end-point ventricular
arrhythmia–related events as nonfatal or
fatal cardiac arrest (I46), sudden death
(R96), and implantable cardioverter deﬁbrillator placement (6,7). Sudden death
was extended with placement of cardioverter deﬁbrillators because ventricular
arrhythmias are the main cause of sudden death and cardioverter deﬁbrillators
are implanted in patients who are at
high risk for developing ventricular arrhythmias (16,17). Self-reported data on
implantable cardioverter deﬁbrillator
placement were veriﬁed against hospital
records by trained research nurses or the
research physician. All indications for implantable cardioverter deﬁbrillator placement could be retrieved and veriﬁed from
hospital discharge letters or by telephone
with the departments of cardiology where
the placements had taken place. The definitions of fatal CHD and of the composite
end-point ventricular arrhythmia–related
events include both fatal cardiac arrest
(I46) and sudden death undeﬁned (R96)
(7). To prevent overlap in these deﬁnitions, we limited in the present analysis
fatal CHD to death from MI (I20–I25).
care.diabetesjournals.org
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Statistical analysis
Baseline characteristics were compared
among the four treatment groups of patients using ANOVA or x2 tests, when
appropriate. Analyses were carried out according to the intention-to-treat principle.
Time-to-event data were analyzed with the
Kaplan-Meier method and the log-rank
test. The three treatment groups (i.e.,
EPA-DHA, ALA, and EPA-DHA plus
ALA groups) were compared with the placebo group for each outcome. Hazard ratios (HRs) and 95% CIs were computed
for ventricular arrhythmia–related events,
fatal MI, and the combination of these two
end points, using Cox proportional hazard models. Multivariable Cox models
included age, sex, and smoking. No adjustments were made for multiple comparisons because only a priori–formulated
hypotheses were tested based on animal
experiments of the effects of n-3 fatty
acids on atherosclerosis and cardiac arrhythmias (5). Two-sided P values
,0.05 were considered statistically

signiﬁcant. Data were analyzed with
SPSS 17.0 statistical software (SPSS Inc.,
Chicago, IL).

hormone replacement therapy. The percentage of smokers was highest in the placebo group and lowest in the EPA-DHA
plus ALA group.

RESULTS
Baseline characteristics
The deﬁnition of diabetes was made in
72.4% on the combination of elevated
blood glucose levels, physician-diagnosed
self-report, and drug treatment, in 14.4%
on elevated glucose levels only, in 9.9%
on self-report only, and in 3.4% on drug
treatment only. Insulin was used by 273
(26.9%) patients and 577 (56.9%) used
other antidiabetic medication, of whom
110 used both insulin and other antidiabetic medication. Baseline characteristics
of post-MI patients with diabetes are
presented in Table 1. Randomization was
successful, though small group differences
were found for sex and smoking. The proportion of women was lowest in the placebo group and highest in the ALA group,
and 5 (1.9%) of the 267 women used

n-3 Fatty acid supplementation
and compliance
The mean intake (6SD) of the trial margarine was 18.6 (65.2) g/day; 86.7% of
the patients adhered fully to the protocol
and consumed a mean of 20.7 (64.2) g/day.
Patients in the two EPA-DHA groups received, on average, an additional amount
of 223 (662) mg EPA and 149 (642) mg
of DHA per day and those in the two
groups of ALA 1.9 (60.5) g/day.
Plasma cholesteryl esters were determined as a measure of compliance. At the
ﬁnal examination, the effect of n-3 fatty acid
supplementation on fatty acids in serum
cholesteryl esters was compared with placebo (Supplementary Fig. 2). ALA supplementation increased ALA by 64.2% and
EPA by 40.8%; EPA-DHA supplementation
increased plasma EPA by 49.8% and DHA

Table 1dBaseline characteristics of the 1,014 patients with an MI and diabetes,* according to n-3 fatty acid supplementation group

Variables
Age (years)
Male sex (%)
Diabetes*
Diagnosis from a physician (%)
Use of antidiabetic drugs (%)
Elevated plasma glucose level (%)
Time since MI (years)
Self-reported history of stroke (%)
Use of cardiovascular medication (%)
Antithrombotic drugs
Blood pressure–lowering drugs
Lipid-lowering drugs
Antiarrhythmic drugs
Systolic blood pressure (mmHg)
Serum lipids (mmol/L)†
Total cholesterol
LDL cholesterol
HDL cholesterol
Triglycerides
BMI‡
Mean
$30 (%)
Current smoker (%)
Consumption of $1 glass of alcohol/week (%)
Physically active (%)**

Placebo
(N = 249)

ALA
(N = 258)

EPA-DHA
(N = 262)

EPA-DHA plus ALA
(N = 245)

P value

69.1 6 5.8
197 (79.1)

69.4 6 5.7
176 (68.2)

69.3 6 5.7
197 (75.2)

70.0 6 5.5
177 (72.2)

0.31
0.04

202 (81.5)
184 (73.9)
115 (46.2)
4.7 6 3.2
13 (5.2)

215 (84.0)
192 (74.4)
100 (38.8)
4.5 6 3.3
23 (8.9)

212 (80.9)
184 (70.2)
118 (45.0)
4.4 6 3.0
18 (6.9)

198 (81.8)
180 (73.5)
108 (44.1)
4.5 6 3.1
24 (9.8)

0.81
0.70
0.34
0.77
0.22

241 (96.8)
232 (93.2)
213 (85.5)
11 (4.4)
142.1 6 20.3

250 (96.9)
238 (92.2)
217 (84.1)
11 (4.3)
143.4 6 22.5

256 (97.7)
247 (94.3)
223 (85.1)
9 (3.4)
143.5 6 21.1

234 (95.5)
227 (92.7)
205 (83.7)
9 (3.7)
142.6 6 23.2

0.58
0.82
0.93
0.93
0.88

4.65 6 0.95
2.49 6 0.82
1.18 6 0.31
2.25 6 1.35

4.65 6 0.97
2.40 6 0.82
1.22 6 0.33
2.34 6 1.27

4.63 6 0.92
2.47 6 0.78
1.22 6 0.36
2.13 6 1.12

4.65 6 1.01
2.41 6 0.84
1.22 6 0.33
2.21 6 1.20

1.00
0.63
0.51
0.31

29.2 6 4.6
93 (37.5)
54 (21.7)
165 (66.3)
40 (16.2)

29.3 6 4.3
97 (37.7)
44 (17.1)
165 (64.2)
36 (14.2)

28.9 6 4.3
93 (35.8)
41 (15.6)
181 (69.1)
53 (20.4)

29.4 6 4.8
96 (39.2)
30 (12.2)
155 (63.3)
47 (19.3)

0.58
0.89
0.04
0.52
0.24

Data are means 6 SD unless otherwise indicated. As data for a number of patients were missing from several variables (BMI, 4 patients; alcohol use, 1 patient; and physical
activity, 9 patients), some percentages are based on a smaller number than the column total. *Diabetes was considered to be present if a patient reported having received
the diagnosis from a physician, was taking antidiabetic drugs, or had an elevated plasma glucose level ($7.0 mmol/L [126 mg/dL] in the case of patients who had fasted
more than 4 h or $11.1 mmol/L [200.0 mg/dL] in the case of nonfasting patients). †To convert the values for cholesterol to milligrams per deciliter, divide by 0.02586.
To convert the values for triglycerides to milligrams per deciliter, divide by 0.01129. ‡The BMI is the weight in kilograms divided by the square of the height in meters.
**Greater than or equal to three metabolic equivalent of task (indicating at least moderate intensity for at least 30 min/day) during 6 or 7 days/week.
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by 30.9%; and EPA-DHA plus ALA supplementation increased plasma ALA by 67.4%,
EPA by 118.4%, and DHA by 44.0%.
Effects of n-3 fatty acids on study
end points
The median follow-up period was 40.7
months (IQR 36.6–41.6 months), during
which 3,195 person-years of follow-up
were accumulated. During follow-up, 29 patients developed a ventricular arrhythmia–
related event, 2 died suddenly, 1 had a
nonfatal cardiac arrest, 11 had a fatal cardiac arrest, and 15 had a cardioverter
deﬁbrillator implanted. Indications for
these implantable cardioverter deﬁbrillator placements were a left ventricular
ejection fraction #35% (n = 13; 87%),
resuscitated ventricular ﬁbrillation (n = 1),
and ventricular tachycardia with a left ventricular ejection fraction of 45% (n = 1). In
addition, 27 patients died of MI, 23 from
other vascular diseases, 34 from cancer,
and 26 from other causes.
The Kaplan-Meier curves showed
that both EPA-DHA and ALA reduced
ventricular arrhythmia–related events
compared with placebo (Fig. 1A). The
lowest incidence was observed in patients
who were randomized to the combined
supplementation of EPA-DHA plus ALA.
After adjustment for imbalances in age,
sex, and current smoking, the combined
supplementation of n-3 fatty acids reduced the ventricular arrhythmia–related
events by 84% compared with placebo
(cumulative incidence at median followup 0.9 vs. 5.6%, Fig. 1A; HR 0.16; 95% CI
0.04–0.69; Table 2). Similar effects were
observed for the combined end-point cardiac arrest and sudden death (0.13; CI
0.02–1.09) and for placement of cardioverter deﬁbrillators (0.19: 0.02–1.55).
For fatal MI, the Kaplan-Meier curves
did not differ signiﬁcantly among the four
groups (Fig. 1B). After adjustment for confounders, the strongest, although not significant, effect was observed for EPA-DHA plus
ALA (HR 0.53; 95% CI 0.15–1.81; Table 2).
The Kaplan-Meier curves for the composite
end-point ventricular arrhythmia–related
events and fatal MI showed the strongest
effect for EPA-DHA plus ALA (Fig. 1C). After adjustment, these three n-3 fatty acids
together reduced this combined end point
by 72% (cumulative incidence at median
follow-up 2.6 vs. 8.5%, Fig. 1C; 0.28;
0.11–0.71). n-3 Fatty acids did not reduce
all-cause mortality (Table 2).
CONCLUSIONSdLow-dose supplementation of n-3 fatty acids EPA-DHA
2518

plus ALA signiﬁcantly reduced ventricular arrhythmia–related events in post-MI
patients with diabetes. The combined
supplementation of these three fatty acids
also reduced the composite end-point
ventricular arrhythmia–related events
plus fatal MI but not fatal MI alone.
A limitation of the current study is the
small number of patients who developed
ventricular arrhythmias (n = 29) or died
of MI (n = 27). The study had enough power
to detect signiﬁcant effects of combined
supplementation of EPA-DHA and ALA
on the end-point ventricular arrhythmia–
related events whether or not in combination with fatal MI. Signiﬁcant effects on
these end points were not observed for either EPA-DHA or ALA supplementation.
The combined effects of EPA-DHA and
ALA on the two composite end points are
compatible with additive effects of either
EPA-DHA or ALA. Assuming an additive
model, an HR of 0.47 3 0.58 = 0.27 is expected for ventricular arrhythmia–related
events and of 0.81 3 0.60 = 0.49 for the
combination of ventricular arrhythmias and
fatal MI. These results ﬁt well with the 95%
CI of these end points and are compatible
with the hypothesis that all three n-3 fatty
acids reduce the risk of ventricular arrhythmias. This is also in accord with the results
of animal experiments suggesting that ALA,
EPA, and DHA have similar antiarrhythmic
effects by inﬂuencing the Na+ and L-type
Ca2+ channels of cardiomyocytes (5).
In the GISSI-Prevenzione trial, patients
with a recent MI (,3 months ago) were
supplemented with 0.9 g of EPA-DHA per
day, which reduced their risk of sudden
death by 45% (8). In later trials, smaller reductions were obtained for sudden death.
Recent meta-analyses quantiﬁed the effect
of EPA-DHA supplementation on sudden death at a 19% (HR 0.81; 95% CI
0.52–1.25) (2) and 13% (0.87; 0.76–0.99)
reduction (3). An explanation for the smaller
effect of EPA-DHA in the more recent trials
could be improved drug treatment of
cardiovascular risk factors (18). This is supported by the recently published results of
the OMEGA trial in which patients were
randomized 3–14 days after acute MI. In
these high-risk patients, a supplement of
0.8 g EPA-DHA per day did not reduce sudden cardiac death (19). In this trial and in
the Alpha Omega Trial, almost all patients
received antithrombotic drugs, antihypertensive drugs, and statins (7). The patients
in the GISSI-Prevenzione trial were also
well treated with antithrombotic and antihypertensive drugs but only 29% received
statins (8). The Alpha Omega Trial started
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Figure 1dKaplan-Meier curves of ventricular
arrhythmia–related events (A), death from
MI (B), or both end points combined (C). The
cumulative incidence of end points is shown in
1,014 patients with an MI and diabetes. Patients were randomly assigned to receive a
margarine containing supplemental EPA combined with DHA, a margarine containing supplemental ALA, a margarine containing both
EPA-DHA and ALA, or a placebo margarine.
P value by log-rank (Mantel-Cox) test.

in 2002, the OMEGA trial in 2003, and the
GISSI-Prevenzione in 1993. This illustrates the increase in statin treatment
over 10 years.
One of the secondary end points in
the Alpha Omega Trial was ventricular
arrhythmia–related events. Ventricular
arrhythmias are the major cause of
sudden death and cardiac arrest and cardioverter deﬁbrillators were generally
care.diabetesjournals.org
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Table 2dUnadjusted and adjusted HRs of n-3 fatty acid supplementation on end points in 1,014 patients with diabetes,
according to n-3 fatty acid supplementation group

Variables

Placebo
(N = 249)

Ventricular arrhythmia–related
events (N = 29)
No./total no. (%)
13/249 (5.2%)
Crude*
1.0 (ref.)
Adjusted*†
1.0 (ref.)
Death from MI (N = 27)
No./total no. (%)
7/249 (2.8%)
Crude*
1.0 (ref.)
Adjusted*†
1.0 (ref.)
Ventricular arrhythmia–related
events or death from MI (N = 56)
No./total no. (%)
20/249 (8.0%)
Crude*
1.0 (ref.)
Adjusted*†
1.0 (ref.)
All-cause mortality (N = 110)
No./total no. (%)
31/249 (12.4%)
Crude*
1.0 (ref.)
Adjusted*†
1.0 (ref.)

ALA
(N = 258)

EPA-DHA
(N = 262)

EPA-DHA plus ALA
(N = 245)

6/258 (2.3%)
0.45 (0.17–1.18); 0.10
0.47 (0.18–1.24); 0.13

8/262 (3.1%)
0.57 (0.24–1.38); 0.21
0.58 (0.24–1.39); 0.22

2/245 (0.8%)
0.15 (0.04–0.68); 0.01
0.16 (0.04–0.69); 0.01

11/258 (4.3%)
1.52 (0.59–3.93); 0.39
1.45 (0.56–3.75); 0.45

5/262 (1.9%)
0.67 (0.21–2.10); 0.49
0.66 (0.21–2.07); 0.47

4/245 (1.6%)
0.57 (0.17–1.96); 0.38
0.53 (0.15–1.81); 0.31

17/258 (6.6%)
0.82 (0.43–1.57); 0.56
0.81 (0.43–1.56); 0.54

13/262 (5.0%)
0.60 (0.30–1.21); 0.15
0.60 (0.30–1.20); 0.15

6/245 (2.4%)
0.30 (0.12–0.74); 0.009
0.28 (0.11–0.71); 0.007

28/258 (10.9%)
0.88 (0.53–1.47); 0.62
0.87 (0.52–1.46); 0.60

26/262 (9.9%)
0.78 (0.47–1.32); 0.36
0.80 (0.47–1.34); 0.39

25/245 (10.2%)
0.81 (0.48–1.37); 0.43
0.78 (0.46–1.33); 0.37

*Data are HRs with 95% CIs and P values, with the use of Cox proportional hazards models. †Adjusted for age, sex, and smoking status.

implanted in post-MI patients with a low
ejection fraction who are at high risk for
these arrhythmias (16,17). The common
denominator of this end point is the
high risk of ventricular ﬁbrillation. The
protective effect of the combined supplementation of the three n-3 fatty acids
on this end point (HR 0.16; 95% CI 0.04–
0.69) contrasts with the absence of an
effect of EPA-DHA in cardiac patients
with implanted cardioverter deﬁbrillators
(who all had had a severe arrhythmic event
before placement) (2). These discrepant
results suggest that n-3 fatty acids may reduce primary arrhythmias in post-MI patients with diabetes with a low ejection
fraction but not secondary arrhythmias
in cardiac patients with cardioverter deﬁbrillators.
EPA-DHA supplementation reduced
fatal MI by 47% but this reduction was
not signiﬁcant, possibly due to the small
number of events. A possible protective
effect of EPA-DHA on fatal MI would be in
accord with the results of a prospective
study carried out in postmenopausal
women (20). In that study, smaller increases in stenosis were observed in diabetic
women who consumed greater than two
servings of ﬁsh or greater than one serving
of fatty ﬁsh compared with diabetic women
who consumed less ﬁsh. An intervention
study carried out in Japan showed that diabetic patients who were supplemented
with 1.8 g EPA per day in contrast with
the control group did not show an increase
care.diabetesjournals.org

in intima-media thickness during 2.1 years
of follow-up (21). These results suggest that
in diabetic patients, ﬁsh and EPA supplementation may reduce progression of atherosclerosis and the eventual risk of fatal MI.
Diabetes alters smooth muscle function through atherosclerotic lesion formation, plaque instability, and cardiovascular
events. Basic research shows that peroxisome proliferator–activated receptor g
(PPAR-g) plays a critical role in the regulation of insulin sensitivity. To become
functional, PPAR-g should bind to an appropriate ligand. Cell culture studies provide evidence that EPA and DHA are
potential ligands for PPAR-g activation
(22). Recently published results of an in
vivo experiment suggested that ﬁsh oil
increases the expression of glucose uptake genes, leading to reduced glucose
levels (23). EPA and DHA also have antiinﬂammatory properties. Experiments
in obese mice showed that activation of
the G protein–coupled receptor 120
(GPR120) by EPA and DHA inhibited
multiple inﬂammation cascades and reversed insulin resistance caused by a
high-fat diet (24). These mechanistic
ﬁndings support an important role for
n-3 fatty acids in the etiology of diabetes,
a major risk factor of fatal MI.
In conclusion, low doses of n-3 fatty
acids reduced the risk of ventricular
arrhythmia–related events in post-MI patients who also have diabetes. Ongoing
trials in diabetic patients, e.g., ORIGIN

(Outcome Reduction with an Initial
Glargine Intervention; clinical trial reg.
no. NCT00069784) (25) and ASCEND
(A Study of Cardiovascular Events in Diabetes; NCT00135226; http://www.ctsu.ox.
ac.uk/ascend/), evaluate the effect of EPADHA on sudden death and fatal CHD. The
results of more trials on the effect of different n-3 fatty acids are needed before deﬁnitive conclusions can be drawn on their role
in the etiology of ventricular arrhythmias
and fatal CHD.
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