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BACKGROUND: Habitual intake of long-chain omega-3 fatty acids, especially eicosapentaenoic and docosahexaenoic acid
(EPA+DHA) from fish, has been associated with a lower risk of fatal coronary heart disease (CHD) in population-based studies. Whether that is also the case for patients with CHD is not yet clear. We studied the associations of dietary and circulating EPA+DHA and alpha-linolenic acid, a plant-derived omega-3 fatty acids, with long-term mortality risk after myocardial
infarction.
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METHODS AND RESULTS: We analyzed data from 4067 Dutch patients with prior myocardial infarction aged 60 to 80 years
(79% men, 86% on statins) enrolled in the Alpha Omega Cohort from 2002 to 2006 (baseline) and followed through 2018.
Baseline intake of fish and omega-3 fatty acids were assessed through a validated 203-item food frequency questionnaire
and circulating omega-3 fatty acids were assessed in plasma cholesteryl esters. Hazard ratios (HRs) with 95% CIs were
obtained from Cox regression analyses. During a median follow-up period of 12 years, 1877 deaths occurred, of which 515
were from CHD and 834 from cardiovascular diseases. Dietary intake of EPA+DHA was significantly inversely associated
with only CHD mortality (HR, 0.69 [0.52–0.90] for >200 versus ≤50 mg/d; HR, 0.92 [0.86–0.98] per 100 mg/d). Similar results
were obtained for fish consumption (HRCHD, 0.74 [0.53–1.03] for >40 versus ≤5 g/d; Ptrend: 0.031). Circulating EPA+DHA was
inversely associated with CHD mortality (HR, 0.71 [0.53–0.94] for >2.52% versus ≤1.29%; 0.85 [0.77–0.95] per 1-SD) and
also with cardiovascular diseases and all-cause mortality. Dietary and circulating alpha-linolenic acid were not significantly
associated with mortality end points.
CONCLUSIONS: In a cohort of Dutch patients with prior myocardial infarction, higher dietary and circulating EPA+DHA and fish
intake were consistently associated with a lower CHD mortality risk.
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CLINICAL PERSPECTIVE
What Is New?

• Fish intake, eicosapentaenoic and docosahexaenoic acid intake and plasma levels of eicosapentaenoic and docosahexaenoic acid were
inversely associated with long-
term mortality
risk, especially from coronary heart disease, in
Dutch post-myocardial infarction patients.

What Are the Clinical Implications?

• Low intakes of eicosapentaenoic and docosahexaenoic acid, which can be obtained from 1 or 2
weekly servings of fish, may reduce mortality risk
in patients who suffered a myocardial infarction.

Nonstandard Abbreviations and Acronyms
ALA
DHA
DHD-15
EPA
FFQ
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alpha-linolenic acid
docosahexaenoic acid
2015 Dutch Healthy Diet score
eicosapentaenoic acid
food frequency questionnaire

ncreasing the intake of long-
chain omega-
3 fatty
acids (n-3 FAs) eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) is often recommended for
the prevention of cardiovascular disease (CVD).1–3 EPA
and DHA can be obtained by consuming oily fish and
other seafood. Alpha-linolenic acid (ALA) is the parent
n-3 FA derived from plant foods, such as flaxseed, nuts,
and vegetable oils. EPA (and DHA) may be formed from
ALA, but conversion in the human body is probably
<10%, as indicated by stable-isotope studies.4,5 Dietary
intake of EPA+DHA in Western populations is generally
<500 mg/d,6 and ALA intake ≈1.5 g/d (<1 energy percent). Concentrations of n-3 FAs in blood are biomarkers of essential FA intake, especially for EPA+DHA.1
Most observational studies on n-3 FAs and mortality have focused on healthy populations.7,8 A recent
pooled analysis including 42 466 individuals from 17
prospective cohorts has shown that higher levels of
circulating EPA+DHA but not ALA were associated
with an ≈20% lower risk for CVD mortality.8 However,
the relationship between n-3 FAs and mortality is not
yet clear in patients with coronary heart disease (CHD).
In the Alpha Omega Cohort of Dutch patients who suffered a myocardial infarction (MI)9,10 we examined associations of dietary intake of EPA+DHA, fish, and ALA
as well as circulating levels of n-3 FAs, with fatal CHD
(primary outcome), CVD and all-cause mortality during
>12 years follow-up.

METHODS
The data that support the findings of this study are
available from the principal investigator (J.M.G.) upon
request.

Study Population
The Alpha Omega Cohort comprised 4837 Dutch men
and women aged 60 to 80 years with a clinically diagnosed MI up to 10 years before entering the study.
Patients were examined by trained research nurses at
baseline (2002–2006) and were followed for cause-
specific mortality since study enrollment. During the initial 40 months of follow-up (Alpha Omega Trial phase),
patients received low-dose supplementation of ALA,
EPA+DHA, ALA plus EPA+DHA or placebo,9 which did
not prevent major recurrent CVD events.10 Medical-
ethical approval was obtained and all patients provided
written informed consent.9 Patients with missing data
on circulating n-3 FAs or >5% unknown FAs were excluded (Figure S1). Patients with missing dietary data
or implausible energy intakes (<800 or >8000 kcal for
men; <600 or >6000 kcal for women) and extreme
unsaturated FA intakes (<2.5th or >97.5th percentile)
were further excluded, as described previously,11 leaving 4067 patients for analysis.

Dietary Assessment
Diet was assessed at baseline using a 203-item semi-
quantitative Food Frequency Questionnaire (FFQ), an
extended version of a biomarker-validated and reproducible FFQ.12,13 Food intake was assessed over the
past month, including preparation methods and brands
of foods. Returned FFQs were checked by trained dietitians by telephone to get information on missing
or unclear answers from patients, using a predefined
protocol. Intakes of total energy and nutrients, including EPA, DHA, and ALA, were calculated through linkage with the Dutch Food Composition Database 2006
(Nederlands Voedingsstoffenbestand [NEVO] 2006).14
The 2015 Dutch Healthy Diet score was calculated for
adherence to dietary guidelines (DHD-15; scale from
zero to maximal adherence [0–150]).15

Laboratory Measurements
Blood samples (fasted ≥8 hours for 34% of the patients)
were collected by trained research nurses to measure
serum total cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides, and plasma glucose using standard laboratory
methods.9 Blood for FAs analysis was collected in
EDTA-treated tubes, and stored in −80 °C until further
analysis. Circulating FAs were measured as described
previously.16 Briefly, plasma cholesteryl esters FAs
were separated from total lipids, trans-esterified into
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FA methyl esters and measured by gas chromatography equipped with a flame-ionization detector. A total
of 38 FAs were quantified and expressed as weight
percentage of total FAs (% total FA). For ALA and EPA,
within-and between-run coefficients of variation were
<5% and for DHA <8%.16 Correlations between dietary
and circulating FAs (in plasma cholesteryl esters) were
0.39 and 0.45 for EPA and DHA, respectively, and
−0.02 for ALA.16

End Points
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This study focused on mortality with CHD mortality as
the primary outcome. The vital status of the patients
was monitored through linkage with municipal registries from baseline through December 31, 2018. From
2002 to 2009 the Alpha Omega Trial period had detailed information on primary and contributing causes
of death,9,10 including the national mortality registry
of Statistics Netherlands (CBS [Centraal Bureau voor
de Statistiek]). Primary and contributing death causes
data after the trial up to 2012 were obtained from CBS,
however from 2013 to 2018, CBS provided only data
on the primary cause of death. Treating physicians
were asked to provide additional information on cause
of death, which was coded by study physicians not
involved in the present analysis. Mortality coding was
performed according to International Classification
of Diseases, Tenth Revision (ICD-10). CHD mortality
comprised ICD-10 codes I20-I25 (ischemic heart disease), I46 (cardiac arrest) and R96 (sudden death, undefined). CVD mortality comprised CHD mortality, I50
(heart failure), and I60-I69 (stroke). Person-years were
calculated from study enrollment to date of death or
December 31, 2018, whichever came first; 1 patient
was lost to follow-up and censored after 2.9 years.

Assessment of Covariables
Information on demographic, lifestyle, medical history, and medication use was collected using questionnaires, as described elsewhere.9 The highest
attained education level was categorized as primary,
lower secondary, higher secondary or lower tertiary,
and higher tertiary education. Smoking status was categorized as never, former, or current smoker. Physical
activity was classified as low (no or only light activity, ≤3 metabolic equivalents [METs]), moderate (>0
to <5 days/week of moderate or vigorous activity, >3
METs) or high (≥5 days/week of moderate or vigorous activity). Medication use was coded according to
Anatomical Therapeutic Chemical classification system,17 with codes C10AA and C10B for statins, B01
for anti-thrombotic drugs and C02, C03, C07, C08,
and C09 for antihypertensive drugs. Physical examination was performed by trained research nurses, in
the hospital or the patient’s home.9 Body weight (kg)

n-3 Fatty Acids and Long-Term Mortality After MI

and height (m) were assessed, from which body mass
index was calculated (kg/m2). Obesity was defined as
body mass index ≥30 kg/m2. Systolic and diastolic
blood pressures were measured twice in sitting position with an automated device, and values were averaged. Diabetes was considered present if patients
reported a diagnosis of diabetes by a physician or the
use of antidiabetic drugs, or when they had a fasting
plasma glucose ≥7.0 mmol/L or non-fasting value of
≥11.1 mmol/L. Family history of MI was defined as having any parent with MI before the age of 60 years and
family history of diabetes was defined as having any
parent with diabetes. Alcohol intake (ethanol in g/d)
was calculated from the FFQ and categorized into no
(0 g/d), low (>0–10 g/d), moderate (>10–30 g/d for men
or >10–20 g/d for women) or high (>30 g/d for men or
>20 g/d for women).

Statistical Analysis
Baseline characteristics of patients were presented
as mean (±SD) or median and interquartile range for
continuous variables or percentages for categorical
variables. Intakes of FAs were energy-adjusted using
the residual method by Willett et al18 or expressed as
percentage of total energy intake (en%), where appropriate. Dietary n-3 FAs and energy-adjusted fish consumption were categorized in 4 classes. Circulating
EPA+DHA and ALA were analyzed in quintiles. For circulating EPA+DHA, additional categories were based
on the cut-
offs of erythrocytes from the omega-
3
index,19 converted to cut-off values of plasma cholesteryl esters by Stark et al20 Omega-3 index cut-off values of 4% and 8% would correspond to 1.3% and 3.1%
in plasma cholesteryl esters, respectively. Continuous
associations were estimated per 100 mg/d for dietary
EPA+DHA or 1 g/d for dietary ALA, and for circulating
EPA+DHA and ALA per 1-SD increment.
Age-and sex-
adjusted hazard ratios (HRs) with
95% CIs for fatal end points were obtained from Cox
models, and proportional hazards assumptions were
met, based on Schoenfeld residuals. In multivariable
Cox models, HRs for dietary intake of n-3 FAs were
adjusted for age, sex, education level (4 categories),
physical activity (3 categories), smoking status (3 categories), alcohol intake (4 categories), obesity (no/yes),
prevalent diabetes (no/yes), cardiovascular medication
use (statins, antihypertensive drugs, antithrombotic
drugs, as separate dummies), time since MI (y), and
intake of total energy intake (kcal/d), dietary cholesterol
(mg/d), fiber (g/d) and trans FAs (g/d).
Multivariable Cox models for circulating n-
3 FAs
included age, sex, education level, physical activity,
smoking status, alcohol intake, obesity, prevalent diabetes, cardiovascular medication use, time since
MI, and serum total cholesterol (mmol/L). In addition,
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circulating linoleic acid (18:2n-6; % total FAs) and arachidonic acid (20:4n-6; % total FAs) were added to
the multivariable model.21,22 Covariates with missing
values (<5%) were imputed by the sex-specific median
(continuous variables) or mode (categorical variables)
to retain patients in multivariable models.
Linear trends were assessed by entering median
values for fish intake, dietary n-3 FAs and circulating
n-3 FAs within the defined categories as continuous
variables into the multivariable models. Potential non-
linear associations for dietary and circulating n-3 FAs
were explored using restricted cubic spline analysis
with 5 knots located at 5th, 27.5th, 50th, 72.5th, and
95th percentiles.23,24
Stratified analyses were performed for dietary and circulating n-3 FAs in subgroups of age (<65 versus ≥65 years),
sex, prevalent diabetes (no versus yes), obesity (no versus
yes), statin use (no versus yes), diet quality (<median versus ≥median) and time since MI (<1 versus ≥1 year). We
also stratified for treatment group of the Alpha Omega Trial
during the first 40 months of follow-up (“EPA-DHA”, “ALA”,
“EPA-DHA plus ALA”, or “any omega-3 treatment” versus
“placebo”). Circulating n-3 FAs were additionally studied
in strata of circulating LA and arachidonic acid (<median
versus. ≥median). P values for interaction were obtained
by entering product terms for n-3 FAs and stratification
variables into the multivariable models.
Patients with deteriorating health or prescribed
diets may have recently changed their dietary intakes
and/or lifestyle habits. In sensitivity analyses for dietary and circulating n-3 FAs, we excluded 146 deaths
during the first 2 years of follow-up to examine reverse
causation bias, also subtracting 2 years of follow-up
time for the remainder of the cohort. We also excluded
187 patients who reported the use of fish oil supplements at baseline, because supplemental intake has
a large impact on circulating EPA+DHA and we were
primarily interested in amounts of EPA+DHA that can
be obtained through the diet.
A 2-sided P-value <0.05 was considered statistically
significant. SAS software version 9.4 (SAS Institute
Inc., Cary, NC) was used for all analyses.

RESULTS
At baseline, patients were on average aged 69 years,
79% were men, 17% were current smokers, and 20%
had diabetes (Table 1). Patients had an MI ≈4 year before study enrollment and most patients were treated
with cardiovascular medication, such as statins (86%).
During a median follow-up period of 12.4 years (total
of 45 229 person-years), 1877 patients died, including 515 CHD deaths (11.4 per 1000 person-years) and
834 CVD deaths (18.4 per 1000 person-years). The
median consumption of fish was 14 g/d and that of
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oily fish 5 g/d. Median EPA+DHA intake was 108 (interquartile range, 46–187) mg/d, with ≈20% consumed
>200 mg/d. Mean ALA intake was 1.09 (SD, 0.50) g/d,
or 0.5% of energy (en%). EPA+DHA were mainly from
fish (89%), while ALA was mainly obtained from cooking oils (26%), grain products (19%), and soft margarine
(14%) (Table S1). The median DHD-15 score for adherence to dietary guidelines was 79 (range, 33–125).

Dietary n-3 FAs and Fish Intake
Patients with higher dietary EPA+DHA intake were more
likely to be physically active, had higher alcohol intake,
higher high-density lipoprotein cholesterol and slightly
lower non-fasting serum triglyceride levels (Table S2),
but this was not seen for ALA intake (Table S3). Patients
with higher EPA+DHA and ALA intakes had higher
DHD-15 scores. The risk of CHD mortality was significantly lower for EPA+DHA intakes >200 mg/d (HR,
0.69; 95% CI, 0.52–0.90) as compared with intakes
≤50 mg/d (Table 2). Figure 1 shows the continuous
association for dietary EPA+DHA with CHD mortality
(HR per 100 mg/d: 0.92, 0.86–0.98; Pnon-linearity=0.75).
Inverse trends of EPA+DHA intake with CVD and all-
cause mortality were not statistically significant.
Total fish consumption was significantly inversely
associated with CHD mortality (HR, 0.73; 95% CI,
0.54–0.99, for >20 to 40 versus ≤5 g/d; P-trend=0.031)
in multivariable analysis, but not with CVD or all-cause
mortality (Table 2). Findings were similar for oily fish (HR,
0.72; 95% CI, 0.54–0.95, for >11 versus <1 g/d; data
not in table). Dietary ALA intake was not associated
with mortality (Figure 2 and Figure S2).

Circulating n-3 FAs
Patients with higher circulating EPA+DHA were more
physically active, had higher alcohol intake and a
higher DHD-15 score (Table 1). Circulating ALA was
not associated with DHD-
15 score. Patients in the
higher circulating ALA quintiles were less likely to be
men and statin users (Table S4). After adjustment for
demographic factors, lifestyle factors, and circulating
LA and arachidonic acid, patients in higher quintiles
of circulating EPA+DHA had a significantly lower CHD
mortality risk than those in the lowest quintile (Table 3;
HRQ5, 0.71; 95% CI, 0.53–0.94; P for trend: 0.020).
Each increment in circulating EPA+DHA (per 1-SD of
0.95% of total FA) was associated with a 15% lower
risk of CHD mortality (Figure 1). Associations were
similar for CVD and all-cause mortality (Table 3). In categorical analyses based on cut-offs for the omega-3
index (Table S5), reductions in CHD mortality risk were
more pronounced (HR, 0.63 for EPA+DHA >3.1 versus
≤1.3% of total FAs; 95% CI, 0.44–0.90). Circulating ALA
was not associated with CHD mortality (Figure 2), and
also not with CVD or all-cause mortality (Figure S2).
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Table 1. Baseline Characteristics of Population for Analysis and Across Circulating EPA+DHA Quintiles
Quintiles of circulating EPA+DHA

Age, y

P value*

Total population
(n=4067)

Q1 (n=818)

Q3 (n=813)

Q5 (n=815)

69.0±5.6

69.3±5.6

68.9±5.6

69.1±5.6

0.93

Men

3221 (79.2)

687 (84.0)

612 (75.3)

627 (76.9)

<0.001

Body mass index, kg/m2†

27.7±3.8

27.3±3.6

27.9±4.0

27.9±3.9

0.014

Obese (≥30 kg/m2)

953 (23.4)

169 (20.7)

204 (25.1)

196 (24.1)

0.21

Time since MI, y†

3.7 (1.7–6.3)

4.2 (1.9–6.6)

3.3 (1.4–5.8)

3.6 (1.5– 6.2)

0.13

Never

663 (16.3)

116 (14.2)

145 (17.8)

150 (18.4)

Former

2730 (67.1)

559 (68.3)

539 (66.3)

534 (65.5)

Current

673 (16.6)

143 (17.5)

129 (15.9)

131 (16.1)

Low

1652 (40.8)

359 (44.2)

346 (42.7)

302 (37.3)

Middle

1528 (37.8)

272 (33.5)

295 (36.4)

335 (41.4)

High

865 (21.4)

182 (22.4)

170 (21.0)

173 (21.4)

Primary

803 (19.8)

183 (22.5)

159 (19.7)

139 (17.1)

Lower secondary

1462 (36.1)

310 (38.1)

297 (36.8)

296 (36.5)

Higher secondary or lower tertiary

1275 (31.5)

242 (29.8)

257 (31.8)

262 (32.3)

Higher tertiary

506 (12.5)

78 (9.6)

95 (11.8)

114 (14.1)

No

203 (5.0)

50 (6.1)

42 (5.2)

46 (5.6)

Low

2155 (53.0)

489 (59.8)

417 (51.3)

385 (47.2)

Moderate

1067 (26.2)

195 (23.8)

242 (29.8)

216 (26.5)

High

642 (15.8)

84 (10.3)

112 (13.8)

168 (20.6)

Statins

3494 (85.9)

618 (75.6)

737 (90.7)

728 (89.3)

<0.001

Antithrombotic drugs

3978 (97.8)

795 (97.2)

801 (98.5)

790 (96.9)

0.08

Antihypertensive drugs

3650 (89.8)

719 (87.9)

729 (89.7)

727 (89.2)

0.19

Total cholesterol

4.71±0.95

4.72±0.98

4.63±0.87

4.75±0.96

0.21

LDL cholesterol

2.57±0.81

2.61±0.85

2.49±0.74

2.62±0.84

0.21

HDL cholesterol

1.29±0.34

1.24±0.33

1.27±0.34

1.35±0.35

<0.001

Triglycerides

1.65 (1.21–2.31)

1.68 (1.19–2.37)

1.68 (1.21–2.40)

1.51 (1.18–2.10)

<0.001

5.61 (5.05–6.59)

5.57 (4.98– 6.48)

5.72 (5.08–6.85)

5.62 (5.10–6.45)

0.64

Systolic

142±22

142±22

143±21

142±22

0.67

Diastolic

80±11

81±11

80±11

80±11

0.41

Prevalent diabetes

813 (20.0)

154 (18.8)

186 (22.9)

155 (19.0)

0.08

Family history of MI

467 (11.5)

95 (11.6)

84 (10.3)

104 (12.8)

0.55

Family history of diabetes

834 (20.5)

176 (21.5)

180 (22.1)

159 (19.5)

0.07

Energy, kcal/d

1921±518

1957±517

1865±496

1761±485

<0.001

Protein, en%

15.0±2.8

14.6±2.9

15.0±2.8

16.4±2.9

<0.001

Total fat, en%

33.8±6.2

34.7±6.1

33.9±6.2

34.6±6.2

<0.001

SFAs, en%

12.5±3.1

12.9±3.0

12.6±3.1

12.6±3.1

<0.001

cis MUFAs, en%

9.5±2.2

9.6±2.3

9.4±2.2

10.0±2.3

0.20

PUFAs, en%

7.2±2.2

7.5±2.3

7.3±2.3

7.4±2.3

<0.001

Smoking status

†

Physical activity

0.22

†

<0.001

†

0.002

Highest level of education

Alcohol intake

<0.001
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Medication use

Serum lipids, mmol/L‡,§

Plasma glucose, mmol/L‡
†

Blood pressure (mm Hg)

Dietary factors

(Continued)
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Table 1. Continued
Quintiles of circulating EPA+DHA

P value*

Total population
(n=4067)

Q1 (n=818)

Q3 (n=813)

Q5 (n=815)

Total n-3 FAs, en%

0.71±0.25

0.69±0.26

0.71±0.25

0.75±0.26

<0.001

ALA, g/d

1.09±0.50

1.10±0.51

1.13±0.52

1.06±0.46

0.019

EPA+DHA, mg/day

108 (46–187)

50 (21–104)

104 (52–169)

189 (114–357)

<0.001

Total n-6 FAs, en%

5.5±2.1

6.0±2.2

5.7±2.2

5.2±2.0

<0.001

trans FAs, g/d||

1.6±0.6

1.6±0.6

1.6±0.6

1.4±0.6

<0.001

Carbohydrates, en%

46.7±6.8

47.2±6.8

46.6±6.7

46.3±6.8

0.002

Fiber, g/d||

21.5±6.8

22.2±7.1

21.2±6.4

21.3±6.6

0.026

Cholesterol, mg/d||

184±69

178±68

183±64

187±73

0.016

Total fish (g/d)

14 (5–20)

7 (1–15)

13 (6–19)

18 (13–40)

<0.001

Oily fish (g/d)

5 (1–11)

1 (0–5)

5 (2–10)

11 (6–22)

<0.001

Diet quality score (DHD-15)

79.2±13.6

78.0±13.6

78.2±13.0

81.9±14.1

<0.001

SFAs

13.1±1.1

12.7±1.3

13.2±1.0

13.5±1.0

<0.001

MUFAs

22.5±3.2

21.2±3.0

23.0±3.2

23.0±3.2

<0.001

PUFAs

63.0±4.0

64.8±3.9

62.4±4.0

62.1±3.9

<0.001

Total n-3 PUFAs

2.35 (1.94–2.98)

1.65 (1.51–1.82)

2.32 (2.19–2.46)

3.80 (3.41– 4.45)

<0.001

ALA, 18:3n-3

0.51±0.14

0.48±0.15

0.51±0.14

0.52±0.15

<0.001

EPA, 20:5n-3

1.06 (0.79–1.52)

0.61 (0.51–0.70)

1.05 (0.97–1.16)

2.21 (1.88–2.73)

<0.001

DHA, 22:6n-3

0.66 (0.53–0.84)

0.47 (0.40–0.55)

0.67 (0.58–0.75)

0.96 (0.87–1.10)

<0.001

Total n-6 PUFAs

60.2±4.4

63.0±4.0

59.9±4.0

57.8±4.2

<0.001

Linoleic acid, 18:2n-6

50.0±5.0

53.5±4.5

49.1±4.6

47.8±4.6

<0.001

Arachidonic acid, 20:4n-6

8.4±2.0

7.8±2.1

8.8±2.0

8.2±1.9

0.07

Circulating FAs, % total FAs
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Values are shown as mean±SD, median (interquartile range), or n (%) unless stated otherwise. ALA indicates alpha-linolenic acid; DHA, docosahexaenoic
acid; DHD-15, 2015 Dutch Healthy Diet score; EPA, eicosapentaenoic acid; FAs, fatty acids; HDL, high-density lipoprotein; LDL, low-density lipoprotein;
MI, myocardial infarction; MUFAs, monounsaturated fatty acids; PUFAs, polyunsaturated fatty acids; Q1, quintile 1; Q3, quintile 3; Q5, quintile 5; and SFAs,
saturated fatty acids.
*P value for linear trend, through median values across categories of intake using a linear regression model or obtained from Chi-square test for categorical
variables.
†
<1% of patients had missing values for body mass index, time since myocardial infarction, smoking status, physical activity, education level, and blood
pressure.
‡
Part of the cohort had missing values for total cholesterol, high-density lipoprotein cholesterol and triglycerides (n=61), low-density lipoprotein cholesterol
(n=252), and plasma glucose (n=33).
§
To convert to mg/dL, divide by 0.02586 for total, low-density lipoprotein, high-density lipoprotein cholesterol and by 0.01129 for triglycerides.
||
Values for dietary trans-fatty acid (TFAs), fiber, and cholesterol were non-energy adjusted.

Subgroup and Sensitivity Analyses
HRs for dietary n-3 FAs (per 100 mg/d) and CHD mortality in subgroups are presented in Figure S3. Dietary
EPA+DHA tended to be more strongly inversely associated with fatal CHD in patients who received placebo
(HR, 0.82 (95% CI, 0.71–0.95) per 100 mg/d) than in those
who received any type of omega-3 FA treatment during
the first 40 months of follow-up (HR, 0.95 (0.89–1.02) per
100 mg/d; Pinteraction=0.07). Associations did not essentially differ between subgroups of omega-
3 treatment
(HRs between 0.93 and 0.97; data not shown in Figure).
HRs for circulating EPA+DHA and fatal CHD
(Figure S4) tended to be lower in patients with circulating
arachidonic acid (20:4 n-6) above the median (HR, 0.74
per 1-SD; 95% CI, 0.62–0.90; Pinteraction=0.07). Stronger
associations were also found in patients who received
placebo during the first 40 months follow-up (HR, 0.77;

95% CI, 0.62–0.94; Pinteraction=0.25) and in patients with
MI <1 year before study enrolment (HR, 0.62; 95% CI,
0.41–0.95; Pinteraction=0.13). Associations for circulating
ALA and fatal CHD in subgroups were all non-significant.
The association between dietary EPA+DHA and fatal
CHD was attenuated after excluding the first 2 years of
follow-
up (HR, 0.95 per 100 mg/d; 95% CI, 0.89–
1.01),
whereas HRs for circulating EPA+DHA remained similar
(Table S6). Exclusion of fish oil supplement users did not
change the HRs for EPA+DHA. For dietary and circulating
ALA, results did not materially change in sensitivity analyses.

DISCUSSION
In this analysis of 4067 Dutch patients with prior MI who
received state-
of-
the-
art CVD drug treatment, higher
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Table 2. Associations of Dietary EPA+DHA and Total Fish Intakes With CHD, CVD, and All-Cause Mortality in the Alpha
Omega Cohort
Dietary EPA+DHA intake, adjusted for energy

≤50 mg/d (n=1113)

>50 to 100 mg/d
(n=815)

>100 to 200 mg/d
(n=1234)

>200 mg/d (n=905)

Median dietary EPA+DHA, mg/d

26

75

141

339

Person-years

12 065

9069

13 826

10 269

P trend*

CHD mortality
Cases, n

167

103

154

91

Age-and sex-adjusted HR

1.00 (reference.)

0.82 (0.64–1.04)

0.86 (0.69–1.07)

0.67 (0.52–0.87)

0.005

Multivariable HR†

1.00 (reference)

0.80 (0.63–1.03)

0.85 (0.68–1.06)

0.69 (0.52–0.90)

0.015

CVD mortality
Cases, n

251

161

262

160

Age-and sex-adjusted HR

1.00 (reference)

0.85 (0.70–1.03)

0.98 (0.82–1.16)

0.79 (0.65–0.96)

0.043

Multivariable HR

1.00 (reference)

0.85 (0.69–1.03)

0.99 (0.83–1.19)

0.84 (0.68–1.04)

0.22

373

All-cause mortality
Cases, n

566

368

570

Age- and sex-adjusted HR

1.00 (reference)

0.86 (0.75–0.98)

0.94 (0.84–1.06)

0.81 (0.71–0.92)

0.007

Multivariable HR

1.00 (reference)

0.85 (0.74–0.97)

0.96 (0.85–1.08)

0.86 (0.75–0.99)

0.11

P trend*

Total fish intake, adjusted for energy
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≤5 g/d (n=1002)

>5 to 20 g/d
(n=2069)

>20 to 40 g/d
(n=523)

>40 g/d (n=473)

Median total fish, g/d

1.4

13.6

27.0

44.8

Median oily fish, g/d

0.6

5.9

15.0

25.1

Median dietary EPA+DHA,
mg/d

25

112

241

394

Person-years

10 917

23 091

5914

5307

Cases, n

155

253

59

48

Age- and sex-adjusted HR

1.00 (reference)

0.81 (0.66–0.99)

0.71 (0.52–0.96)

0.71 (0.51–0.98)

0.013

1.00 (reference)

0.85 (0.70–1.04)

0.73 (0.54–0.99)

0.74 (0.53–1.03)

0.031

CHD mortality

Multivariable HR

‡

CVD mortality
Cases, n

221

431

101

81

Age-and sex-adjusted HR

1.00 (reference)

0.97 (0.83–1.14)

0.86 (0.68–1.09)

0.84 (0.65–1.09)

0.11

Multivariable HR

1.00 (reference)

1.04 (0.88–1.22)

0.91 (0.72–1.16)

0.91 (0.70–1.18)

0.33

All-cause mortality
Cases, n

494

948

241

194

Age-and sex-adjusted HR

1.00 (reference)

0.95 (0.85–1.06)

0.91 (0.78–1.06)

0.90 (0.76–1.06)

0.15

Multivariable HR

1.00 (reference)

1.03 (0.92–1.15)

0.98 (0.84–1.15)

0.97 (0.82–1.15)

0.64

CHD indicates coronary heart disease; CVD, cardiovascular disease; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; and HR, hazard ratio. Values
in Table represent hazard ratios (HRs) with 95% CIs, estimated from multivariable Cox models.
*P for linear trend, through median values across categories of circulating eicosapentaenoic acid+docosahexaenoic acid, using a linear regression model.
†
HRs for eicosapentaenoic acid+docosahexaenoic acid were adjusted for age, sex, education level, physical activity, smoking status, alcohol intake, obesity,
prevalent diabetes, cardiovascular drugs, time since myocardial infarction, and intake of total energy, cholesterol, fiber, and trans-Fas.
‡
HRs for fish were adjusted for age, sex, education level, physical activity, smoking status, alcohol intake, obesity, prevalent diabetes, cardiovascular drugs,
time since myocardial infarction, and energy-adjusted intakes of meat, grains, fruits, and vegetables.

habitual intakes of EPA+DHA and fish were associated
with ≈30% lower risk of fatal CHD during >12 years of
follow-up. Circulating EPA+DHA (in plasma cholesteryl esters) was similarly associated with fatal CHD and also with
CVD and all-cause mortality. Dietary and circulating ALA
were not significantly associated with mortality end points.

Data on habitual dietary intake of EPA+DHA (or fish)
and mortality after MI are scarce. In 2412 Norwegian
patients with CHD aged ≈62 years, long-
chain n-
3
FAs (from diet and supplements) were not significantly
associated with fatal CHD or all-cause mortality (137
deaths) during 5 years of follow-up.25 The Norwegian
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Figure 1. Associations of (A) dietary and (B) circulating eicosapentaenoic
acid+docosahexaenoic acid (EPA+DHA) with coronary heart disease mortality in 4067
patients with post-myocardial infarction.
Solid lines are risk estimates evaluated by restricted cubic splines from Cox models showing the
shape of the associations on a continuous scale with 5 knots located at 5th, 27.5th, 50th, 72.5th,
and 95th percentiles. The y-a xis shows the multivariable-adjusted hazard ratios for coronary
heart disease mortality risk for any dietary or circulating EPA+DHA value, compared with the
reference value set at the 5th percentile of dietary (7.8 mg/d) or circulating EPA+DHA (0.99%
total fatty acids). Gray areas indicated 95% CIs. One SD of circulating EPA+DHA was 0.95% of
total fatty acids. Histograms depict the distributions of dietary or circulating EPA+DHA in the
Alpha Omega Cohort. DHA indicates docosahexaenoic acid; EPA, eicosapentaenoic acid; FA,
fatty acid; and HR, hazard ratio.

cohort consumed more fish (64–150 g/d) and marine
n-3 FAs (0.6 to 2.6 g/d). In a 5-year follow-up study of
400 Finnish patients with CHD aged ≈61 years, fish
intakes >57 g/d (versus no intake) were associated
with a markedly lower risk of all-cause mortality (34
deaths), but not with fatal CHD (16 cases).26 The Alpha
Omega Cohort is characterized by a low fish intake
(14 g/d), with 80% of patients consuming <200 mg/d
of EPA+DHA.
We observed a 27% lower risk of fatal CHD for
20 to 40 grams of fish per day, which equals 5 to
10 ounces per week. Fish intakes >40 g/d were not
associated with additional benefit. Our findings are
in line with the recommendation by the American
Heart Association of 1 to 2 seafood meals per week
(250 mg/d of EPA+DHA).1 For dietary EPA+DHA, we
found a 20% lower risk of fatal CHD for intakes of only
50 to 100 mg/d, which can be achieved with 1 weekly
serving of fish. Observational studies of EPA+DHA intake and long-term mortality risk in patients with CHD
are scanty. A meta-
analysis of 9 cohort studies in
mainly healthy populations with 6 to 40 years of follow-up yielded a pooled relative risk of 0.82 (95% CI,

0.69–0.98) for higher versus lower dietary EPA+DHA
intakes, showing lower risks for intakes <250 mg/d.7
Self-reported fish consumption and EPA+DHA intake over the past month, assessed through our FFQ,
may be subject to recall bias and measurement error.
EPA+DHA in blood lipid compartments, including
plasma cholesteryl esters, is considered an objective
biomarker of habitual EPA+DHA and (oily) fish intake,27
although it may also be influenced by other factors and
metabolic processes.28 Correlations between intake
and plasma EPA+DHA were ≈0.4 in the Alpha Omega
Cohort, as also reported by others.27 Consistent with
findings for dietary EPA+DHA and fish, we found a 30%
lower risk of fatal CHD for higher circulating EPA+DHA.
In addition, lower risks were observed for fatal CVD
and all-cause mortality. The concentration of n-3 FAs
in erythrocytes is also used as a biomarker and may
be a more suitable biomarker for long-term intake.19,29
The omega-3 index is an established metric based on
EPA+DHA in erythrocyte cell membranes,19 but it could
not be assessed in the Alpha Omega Cohort because
only plasma was available. When converting omega-3
index cut-off values to cholesteryl esters, as proposed
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Figure 2. Associations of (A) dietary and (B) circulating alpha-linolenic acid (ALA) with
coronary heart disease mortality in 4067 patients with post-myocardial infarction.
Solid lines are risk estimates evaluated by restricted cubic splines from Cox models showing
the shape of the associations on a continuous scale with 5 knots located at 5th, 27.5th, 50th,
72.5th, and 95th percentiles. The y-a xis shows the multivariable-adjusted hazard ratios for
coronary heart disease mortality risk for any dietary or circulating ALA value, compared with
the reference values set at fifth percentile of dietary (0.49 g/d) or circulating ALA (0.30% of total
fatty acids). Gray areas indicated 95% CIs. One SD of circulating ALA was 0.14% of total fatty
acids. Histograms depict the distributions of dietary or circulating ALA in the Alpha Omega
Cohort. ALA indicates alpha-linolenic acid; and FA, fatty acids.

by Stark et al,20 we found a 37% lower risk of fatal CHD
in the upper (>3.1%) versus lower (<1.3%) category.
Circulating n-3 FAs were examined in relationship to
CHD mortality in a pooling study of population-based
cohorts (>45 000 individuals, aged ≈59 years) with a
median follow-up of 10 years.22 Each 1-SD increase
in circulating EPA and/or DHA was associated with
a 9% to 10% lower risk of fatal CHD. For circulating
EPA+DHA, a 30% lower risk for fatal CHD was estimated when comparing those with an omega-3 index
of 8% versus 4%.30 ALA was also related to a 9% lower
risk of fatal CHD (per 1-SD) in these cohorts.22 Data on
circulating EPA+DHA and mortality risk in patients with
CHD are limited. In a study on Finnish patients with
CHD, RRs for CHD and all-cause mortality were 0.3
to 0.5 for high versus low EPA and DHA in serum cholesteryl esters.26 In 956 patients with CHD of the Heart
and Soul study, those with erythrocyte EPA+DHA
above the median had a 27% lower all-cause mortality
risk during 6 years of follow-up.31 In 3259 German patients referred for coronary angiography Ludwigshafen
Risk and Cardiovascular Health (LURIC study),32 higher
circulating EPA+DHA was associated with a 22% lower
risk of both fatal CVD and all-
cause mortality (975
deaths) during 10 years of follow-up. A more recent
case-cohort study in 2407 hospitalized patients with

an acute coronary syndrome (MERLIN-TIMI 36 study)
showed that 1-SD higher plasma levels of long-chain
n-3 FAs (EPA, DHA, and docosapentaenoic acid) were
associated with a 27% lower odds of sudden cardiac
death, which amounted to 63% when comparing extreme quartiles.33 Associations with CVD mortality were
weaker (18% lower odds per 1-SD).33 The German patients, MERLIN-TIMI 36 study and those of the Alpha
Omega Cohort showed that the relation of circulating
ALA with mortality was neutral.
EPA+DHA may reduce blood pressure, plasma
triglycerides and blood coagulation,34 particularly at
higher intakes of >750 mg/d.3 For lower intakes of
EPA+DHA in fish, as in our cohort, protection against
fatal CHD has been attributed to the prevention of
cardiac arrhythmias.3,34–36 Inverse associations of
EPA+DHA with fatal CHD in our patients tended to be
stronger in those with an MI <1 year before study enrolment. In patients of MERLIN-TIMI 36 study where
blood samples were collected 24 hours from the start
of symptoms, even stronger associations for plasma
marine n-3 FAs were reported.33 It has been hypothesized that EPA+DHA may have a beneficial effect
in attenuating reperfusion ischemia injury in cardiac
tissue, although the exact mechanism is not yet
understood.37,38
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Table 3. Associations of Circulating EPA+DHA in Quintiles With CHD, CVD, and All-Cause Mortality in the Alpha Omega
Cohort
Circulating EPA+DHA
Q1

Q2

Q3

Q4

Q5

P trend*

≤1.29 (n=818)

>1.29 to 1.56
(n=809)

>1.56 to 1.92
(n=813)

>1.92 to 2.52
(n=812)

>2.52 (n=815)

Median circulating EPA+DHA, %
total FAs

1.12

1.43

1.73

2.17

3.14

Person-years

8890

8904

8966

9152

9318

Cases, n

123

99

107

89

97

Age-and sex-adjusted HR

1.00 (reference)

0.85 (0.65–1.11)

0.89 (0.69–1.15)

0.72 (0.55–0.95)

0.75 (0.58–0.98)

0.031

Multivariable HR†

1.00 (reference)

0.83 (0.63–1.09)

0.88 (0.67–1.16)

0.72 (0.54–0.96)

0.71 (0.53–0.94)

0.020

183

160

175

159

157

CHD mortality

CVD mortality
Cases, n
Age-and sex-adjusted HR

1.00 (reference)

0.92 (0.74–1.14)

0.96 (0.78–1.18)

0.86 (0.70–1.06)

0.80 (0.65–0.99)

0.032

Multivariable HR

1.00 (reference)

0.90 (0.72–1.11)

0.94 (0.75–1.15)

0.85 (0.68–1.07)

0.75 (0.60–0.95)

0.016

Cases, n

420

388

370

359

340

Age-and sex-adjusted HR

1.00 (reference)

0.97 (0.85–1.12)

0.89 (0.77–1.02)

0.85 (0.74–0.98)

0.76 (0.66–0.88)

<0.001

Multivariable HR

1.00 (reference)

0.97 (0.84–1.12)

0.90 (0.77–1.04)

0.86 (0.74–1.00)

0.73 (0.63–0.86)

<0.001

All-cause mortality

CHD indicates coronary heart disease; CVD, cardiovascular disease; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; FA, fatty acid; HR, hazard
ratio; and Q1 to Q5, quintile 1 to quintile 5. Values in Table represent hazard ratios (HRs) with 95% CIs, estimated from multivariable Cox models.
*P for linear trend, through median values across categories of circulating eicosapentaenoic acid+ docosahexaenoic acid, using a linear regression model.
†
HRs were adjusted for age, sex, education level, physical activity, smoking status, alcohol intake, obesity, prevalent diabetes, cardiovascular drugs, serum
cholesterol, circulating linoleic acid (18:2 n-6), and circulating arachidonic acid (20:4 n-6).
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In the Alpha Omega Trial, from which the current
cohort emerged, low-dose EPA+DHA and/or ALA supplementation (through margarine spreads) did not affect
CVD or CHD mortality during 40 months of follow-up.10
The present observational analysis of the Alpha Omega
Cohort, however, shows strong cardioprotective associations for baseline dietary and circulating EPA+DHA.
These associations were most pronounced in patients
who had not received n-3 FAs during the trial. Low-
dose supplementation with EPA+DHA and/or ALA significantly increased plasma EPA levels in our cohort,
as reported previously.10 Patients on placebo, with
lower plasma EPA levels, could have benefited more
from EPA+DHA intake through their habitual diet in relationship to long-term mortality risk. The discrepancy
with trial results may also be related to the amount of
EPA+DHA consumed (dietary intake versus supplemental intake of 400 mg/d on top of diet), food matrix
(fish versus margarine spreads), and duration of follow-up (>12 years versus 40 months).
We cannot exclude the possibility of residual confounding in the present analysis because the intake
of fish (and EPA+DHA) was higher in patients who
were more educated, and also in alcohol users. We
did, however, carefully adjust for these and a large
number of other potential confounders, including dietary intakes. Mortality coding was done by independent physicians who were not involved in the present

analysis. Misclassification of causes of death may
have occurred, but we have no reason to believe that
it would be differential. If present, this could have led
to wider CIs for the hazard ratios. A strength of the
present study is completeness of follow-up, with only 1
patient who had to be censored.
In conclusion, higher levels of dietary and circulating
EPA and DHA (mainly from fish) were associated with a
lower risk of mortality, in particular from CHD, in Dutch
patients with prior MI with on average a low level of
fish consumption. In this cohort, circulating EPA+DHA
were also associated with lower risks of fatal CVD-and
all-cause mortality. These findings could have major
implications for dietary advice after MI and warrants
confirmation in other cohorts of patients with CHD with
long-term follow-up.
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Supplemental Table 1. Percentage contribution of selected food groups to total intakes of EPA+DHA
and ALA in the Alpha Omega Cohort
Grain products*
Meat and poultry
Eggs
Milk and milk products‡
Fish§
Nuts and seeds||
Vegetables and potatoes
Legumes
Cooking oils
Margarine
Dressings#
Savory spreads

EPA+DHA
-†
5
4
-†
89
-†
-†
-†
-†
-†
-†
2

ALA**
19
7
-†
6
3
4
6
1
26
14
6
3

Grain products include bread, pie, pancake, pizza, noodle; †contribution <1%; ‡milk and milk
products include butter; §fish include oily fish (50%), lean fish and shellfish; ||nuts and seeds include
peanut butter; #dressings include creamy (mayonnaise-based) and oil-vinegar dressings.
**
Values for ALA do not add up to 100% because snacks and unknown sources are not in the Table.
*
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Supplemental Table 2. Baseline characteristics of the Alpha Omega Cohort in categories of dietary EPA+DHA intake
Dietary EPA+DHA intake, adjusted for energy
≤50 mg/d (n=1113) 51 to 100 mg/d (n=815) 101 to 200 mg/d (n=1234)
Age, y
69.5±5.6
69.3±5.5
68.5±5.6
Men
882 (79.2)
654 (80.2)
975 (79.0)
Body mass index, kg/m2†
27.6±3.8
27.6±3.7
27.9±3.8
2
Obese (≥30 kg/m )
242 (21.8)
192 (23.6)
304 (24.6)
†
Time since MI, y
3.8 (1.8-6.6)
3.8 (1.7-6.1)
3.8 (1.7-6.4)
Smoking status†
Never
181 (16.3)
119 (14.6)
200 (16.2)
Former
751 (67.5)
559 (68.6)
822 (66.6)
Current
180 (16.2)
137 (16.8)
212 (17.2)
†
Physical activity
Low
522 (47.3)
373 (46.1)
465 (37.9)
Middle
357 (32.4)
288 (35.6)
505 (41.1)
High
224 (20.3)
149 (18.4)
258 (21.0)
Highest level of education†
Primary
265 (23.9)
187 (23.2)
223 (18.1)
Lower secondary
432 (39.0)
318 (39.5)
418 (34.0)
Higher secondary or lower tertiary
308 (27.8)
229 (28.4)
421 (34.2)
Higher tertiary
104 (9.4)
72 (8.9)
168 (13.7)
Alcohol intake
No
67 (6.0)
41 (5.0)
51 (4.1)
Low
651 (58.5)
459 (56.3)
622 (50.4)
Moderate
279 (25.1)
194 (23.8)
342 (27.7)
High
116 (10.4)
121 (14.9)
219 (17.8)
Medication use
Statins
937 (84.2)
692 (84.9)
1068 (86.6)
Antithrombotic drugs
1084 (97.4)
800 (98.2)
1207 (97.8)
Antihypertensive drugs
995 (89.4)
727 (89.2)
1113 (90.2)
Serum lipids, mmol/L‡,§

P*
>200 mg/d (n=905)
68.6±5.6
710 (78.4)
27.7±3.9
215 (23.8)
3.3 (1.5-6.0)

<0.001
0.83
0.35
0.42
0.15
0.65

163 (18.0)
598 (66.1)
144 (15.9)
<0.001
292 (32.3)
378 (41.8)
234 (25.9)
<0.001
128 (14.2)
294 (32.6)
317 (35.2)
162 (18.0)
<0.001
44 (4.9)
423 (46.7)
252 (27.9)
186 (20.6)
797 (88.1)
887 (98.0)
815 (90.1)

0.06
0.67
0.86

3
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Total cholesterol
LDL cholesterol
HDL cholesterol
Triglycerides
Plasma glucose, mmol/L‡
Blood pressure (mmHg)†
Systolic
Diastolic
Prevalent diabetes
Family history of MI
Family history of diabetes
Dietary factors
Energy, kcal/d
Protein, en%
Total fat, en%
SFAs, en%
cis MUFAs, en%
PUFAs, en%
Total n-3 FAs, en%
ALA, g/d||
EPA+DHA, mg/d||
Total n-6 FAs, en%
trans-FAs, g/d||
Carbohydrates, en%
Fiber, g/d||
Cholesterol, mg/d||
Total fish (g/d)
Oily fish (g/d)
DHD-15 score

P*

≤50 mg/d (n=1113)
4.68±0.96
2.54±0.81
1.27±0.33
1.68 (1.23-2.32)
5.63 (5.08-6.59)

Dietary EPA+DHA intake, adjusted for energy
51 to 100 mg/d (n=815) 101 to 200 mg/d (n=1234)
4.74±0.93
4.73±0.94
2.61±0.81
2.59±0.80
1.25±0.33
1.29±0.33
1.79 (1.28-2.42)
1.63 (1.20-2.32)
5.58 (5.00-6.58)
5.60 (5.08-6.68)

>200 mg/d (n=905)
4.69±0.97
2.56±0.84
1.32±0.38
1.57 (1.18-2.21)
5.59 (5.05-6.46)

0.79
0.92
<0.001
0.002
0.48

141±22
80±11
224 (20.1)
125 (11.2)
218 (19.6)

142±21
80±11
172 (21.1)
90 (11.1)
160 (19.6)

142±21
80±11
248 (20.1)
139 (11.3)
250 (20.3)

143±22
81±11
169 (18.7)
113 (12.5)
206 (22.8)

0.16
0.048
0.65
0.76
0.28

1959±525
14.3±2.7
34.3±6.4
13.0±3.2
9.4±2.2
7.3±2.4
0.65±0.25
1.07±0.53
26 (12-37)
5.6±2.2
1.7±0.7
47.9±6.8
21.9±7.0
170±67
1.8 (0.1-4.3)
0.4 (0-1.2)
75.2±13.1

1896±530
14.8±2.9
34.1±6.4
12.7±3.1
9.4±2.2
7.3±2.2
0.67±0.25
1.10±0.49
75 (63-87)
5.5±2.1
1.6±0.6
46.7±7.0
21.0±7.0
180±67
9.6 (6.3-14.8)
3.2 (1.8-4.6)
77.0±13.0

1898±505
15.1±2.7
33.7±6.0
12.4±2.9
9.5±2.1
7.3±2.2
0.71±0.24
1.11±0.48
141 (121-165)
5.5±2.1
1.5±0.6
46.3±6.6
21.2±6.5
187±67
15.6 (12.8-17.8)
7.5 (5.9-9.6)
79.8±12.6

1931±514
15.9±2.8
33.0±5.9
11.8±2.9
9.7±2.2
7.1±2.2
0.82±0.25
1.08±0.47
339 (255-454)
5.3±2.0
1.5±0.6
45.9±6.6
22.1±6.6
199±71
39.8 (26.7-44.2)
20.6 (14.4-28.3)
85.4±13.5

0.65
<0.001
<0.001
<0.001
<0.001
0.11
<0.001
0.98
<0.001
<0.001
<0.001
<0.001
0.13
<0.001
<0.001
<0.001
<0.001
4
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Circulating FAs, % total FAs
SFAs
MUFAs
PUFAs
Total n-3 PUFAs
ALA
EPA
DHA
Total n-6 PUFAs
Linoleic acid, 18:2 n-6
Arachidonic acid, 20:4 n-6

P*

≤50 mg/d (n=1113)

Dietary EPA+DHA intake, adjusted for energy
51 to 100 mg/d (n=815) 101 to 200 mg/d (n=1234)

>200 mg/d (n=905)

13.1±1.1
22.4±3.1
63.1±4.0
2.02 (1.74-2.43)
0.51±0.15
0.88 (0.68-1.13)
0.54 (0.44-0.67)
60.7±4.2
50.3±5.0
8.6±2.1

13.1±1.3
22.4±3.3
63.1±4.2
2.21 (1.87-2.64)
0.51±0.15
0.97 (0.73-1.26)
0.62 (0.52-0.75)
60.5±4.5
50.2±5.0
8.5±2.1

13.2±1.1
22.7±3.3
62.7±4.1
2.94 (2.37-3.70)
0.51±0.14
1.48 (1.06-2.07)
0.84 (0.66-0.98)
59.4±4.4
49.6±5.0
8.0±2.0

13.2±1.1
22.6±3.2
62.9±4.0
2.46 (2.08-3.03)
0.50±0.14
1.14 (0.85-1.58)
0.71 (0.59-0.85)
60.1±4.3
49.8±4.9
8.4±2.0

0.07
0.027
0.027
<0.001
0.47
<0.001
<0.001
<0.001
0.001
<0.001
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ALA, alpha-linolenic acid; DHA, docosahexaenoic acid; DHD-15, 2015 Dutch Healthy Diet score; EPA, eicosapentaenoic acid; FAs, fatty acids; MI, myocardial
infarction; MUFAs, monounsaturated fatty acids; PUFAs, polyunsaturated fatty acids; Q, quintile; SFAs, saturated fatty acids; TFAs, trans-fatty acids.
Values are shown as mean ±SD, median (IQR) or n (%) unless stated otherwise. *P value for linear trend, through median values across categories of intake using
a linear regression model, or obtained from chi-square test for categorical variables; †<1% of patients had missing values for body mass index, time since MI,
smoking status, physical activity, educational level and blood pressure; ‡ part of the cohort had missing values for total cholesterol, HDL cholesterol and
triglycerides (n=61), LDL cholesterol (n=252) and plasma glucose (n=33); §to convert to mg/dL, divide by 0.02586 for total, LDL, HDL cholesterol and by
0.01129 for triglycerides; ||values for dietary TFAs, fiber and cholesterol were non-energy adjusted.
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Supplemental Table 3. Baseline characteristics of the Alpha Omega Cohort in categories of dietary ALA intake
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Age, y
Men
Body mass index, kg/m2†
Obese (≥30 kg/m2)
Time since MI, y†
Smoking status†
Never
Former
Current
Physical activity†
Low
Middle
High
Highest level of education†
Primary
Lower secondary
Higher secondary or lower tertiary
Higher tertiary
Alcohol intake
No
Low
Moderate
High
Medication use
Statins
Antithrombotic drugs

P*

≤0.5 g/d
(n=222)
69.3±5.4
198 (89.2)
27.0±3.3
33 (14.9)
3.9 (1.5-6.9)

Dietary ALA intake, adjusted for energy
>0.5 to 1.0 g/d
>1.0 to 1.5 g/d
>1.5 to 2.0 g/d
(n=1902)
(n=1285)
(n=412)
69.2±5.6
68.9±5.6
68.3±5.6
1477 (77.7)
976 (76.0)
351 (85.2)
27.8±3.8
27.8±3.9
27.8±3.9
467 (24.6)
311 (24.2)
93 (22.6)
3.7 (1.7-6.3)
3.8 (1.7-6.4)
3.5 (1.6-6.1)

>2.0 g/d
(n=246)
68.6±5.4
219 (89.0)
27.7±3.4
49 (19.9)
2.9 (1.2-6.2)

20 (9.0)
163 (73.4)
39 (17.6)

343 (18.0)
1253 (65.9)
305 (16.0)

224 (17.4)
840 (65.4)
221 (17.2)

50 (12.1)
306 (74.3)
56 (13.6)

26 (10.6)
168 (68.3)
52 (21.1)

91 (41.2)
79 (35.8)
51 (23.1)

780 (41.3)
707 (37.4)
404 (21.4)

538 (42.1)
468 (36.7)
271 (21.2)

149 (36.3)
181 (44.0)
81 (19.7)

94 (38.4)
93 (38.0)
58 (23.7)

0.002
<0.001
0.27
0.013
0.10
<0.001

0.30

0.15
47 (21.2)
81 (36.5)
63 (28.4)
31 (14.0)

376 (19.9)
648 (34.3)
627 (33.1)
241 (12.7)

251 (19.6)
473 (37.0)
386 (30.2)
170 (13.3)

74 (18.1)
162 (39.6)
126 (30.8)
47 (11.5)

55 (22.6)
98 (40.3)
73 (30.0)
17 (7.0)
<0.001

5 (2.3)
94 (42.3)
58 (26.1)
65 (29.3)

95 (5.0)
980 (51.5)
497 (26.1)
330 (17.4)

71 (5.5)
730 (56.8)
331 (25.8)
153 (11.9)

23 (5.6)
218 (52.9)
108 (26.2)
63 (15.3)

9 (3.7)
133 (54.1)
73 (29.7)
31 (12.6)

192 (86.5)
216 (97.3)

1631 (85.8)
1855 (97.5)

1098 (85.5)
1256 (97.7)

355 (86.2)
408 (99.0)

218 (88.6)
243 (98.8)

0.76
0.29
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Antihypertensive drugs
Serum lipids, mmol/L‡,§
Total cholesterol
LDL cholesterol
HDL cholesterol
Triglycerides
Plasma glucose, mmol/L‡
Blood pressure (mmHg)†
Systolic
Diastolic
Prevalent diabetes
Family history of MI
Family history of diabetes
Dietary factors
Energy, kcal/d
Protein, en%
Total fat, en%
SFAs, en%
cis MUFAs, en%
PUFAs, en%
Total n-3 FAs, en%
ALA, g/d
EPA+DHA, mg/d
Total n-6 FAs, en%
trans-FAs, g/d||
Carbohydrates, en%
Fiber, g/d||
Cholesterol, mg/d||

P*

≤0.5 g/d
(n=222)
195 (87.8)

Dietary ALA intake, adjusted for energy
>0.5 to 1.0 g/d
>1.0 to 1.5 g/d
>1.5 to 2.0 g/d
(n=1902)
(n=1285)
(n=412)
1718 (90.3)
1150 (89.5)
373 (90.5)

>2.0 g/d
(n=246)
214 (87.0)

0.41

4.72±0.92
2.59±0.85
1.30±0.33
1.59 (1.24-2.09)
5.50 (5.08-6.18)

4.75±0.95
2.60±0.81
1.30±0.35
1.65 (1.19-2.31)
5.62 (5.04-6.68)

4.71±0.95
2.56±0.81
1.28±0.34
1.66 (1.22-2.35)
5.61 (5.07-6.58)

4.67±0.93
2.55±0.78
1.28±0.34
1.67 (1.21-2.34)
5.62 (5.08-6.58)

4.51±0.93
2.43±0.83
1.23±0.30
1.66 (1.21-2.32)
5.61 (5.00-6.40)

<0.001
0.007
0.004
0.98
0.95

142±23
81±11
26 (11.7)
27 (12.2)
47 (21.2)

142±22
80±11
380 (20.0)
227 (11.9)
369 (19.4)

142±21
80±11
282 (22.0)
142 (11.1)
292 (22.7)

142±22
81±11
84 (20.4)
50 (12.1)
77 (18.7)

141±20
80±11
41 (16.7)
21 (8.5)
49 (19.9)

0.59
0.76
0.006
0.56
0.18

2539±466
13.1±2.6
33.6±7.1
13.4±3.5
9.0±2.3
6.5±2.1
0.63±0.28
0.37±0.13
72 (17-142)
4.8±2.0
2.1±0.7
47.5±7.7
24.0±8.0
218±83

1879±467
15.1±2.8
32.2±6.3
12.4±3.2
9.1±2.3
6.2±2.3
0.61±0.22
0.79±0.13
109 (46-188)
4.5±1.5
1.5±0.6
47.7±6.9
21.4±6.7
181±66

1793±499
15.4±2.8
33.9±5.4
12.3±2.8
9.5±2.1
7.4±1.6
0.72±0.19
1.21±0.14
115 (53-194)
5.6±1.6
1.5±0.6
46.7±6.5
21.0±6.4
177±69

2027±524
14.6±2.6
37.1±4.8
12.8±2.9
10.3±1.7
9.3±1.6
0.93±0.19
1.72±0.14
107 (47-179)
7.5±1.6
1.7±0.6
44.1±5.8
22.0±7.3
194±66

2186±516
13.9±2.4
39.7±4.9
12.6±3.1
11.0±1.5
11.4±1.7
1.16±0.19
2.40±0.38
97 (32-162)
9.4±1.7
1.8±0.6
42.7±5.2
22.5±6.2
192±70

0.17
0.028
<0.001
0.93
<0.001
<0.001
<0.001
<0.001
0.98
<0.001
<0.001
<0.001
0.80
0.94
7
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Total fish (g/d)
Oily fish (g/d)
DHD-15 score
Circulating FAs, % total FAs
SFAs
MUFAs
PUFAs
Total n-3 PUFAs
ALA
EPA
DHA
Total n-6 PUFAs
Linoleic acid, 18:2 n-6
Arachidonic acid, 20:4 n-6

P*

≤0.5 g/d
(n=222)
9.2 (1.1-15.3)
3.6 (0-8.2)
74.0±13.4

Dietary ALA intake, adjusted for energy
>0.5 to 1.0 g/d
>1.0 to 1.5 g/d
>1.5 to 2.0 g/d
(n=1902)
(n=1285)
(n=412)
14.0 (5.2-19.6)
14.5 (6.2-20.8)
13.2 (5.0-19.8)
5.5 (1.3-11.0)
5.8 (1.6-11.4)
5.3 (1.1-10.2)
79.1±13.5
80.5±13.5
78.6±13.6

>2.0 g/d
(n=246)
11.5 (3.5-17.6)
5.0 (0.6-9.4)
79.5±13.4

0.80
0.52
0.014

13.4±1.8
23.3±3.3
61.8±4.6
2.40 (1.93-3.09)
0.53±0.15
1.06 (0.77-1.67)
0.66 (0.50-0.83)
58.9±4.9
48.9±5.5
8.2±1.9

13.2±1.1
22.8±3.2
62.6±4.0
2.37 (1.95-3.03)
0.51±0.15
1.07 (0.80-1.58)
0.67 (0.53-0.84)
59.7±4.4
49.6±4.9
8.3±2.0

13.0±1.0
21.6±2.8
64.1±3.5
2.26 (1.88-2.78)
0.49±0.14
1.00 (0.78-1.41)
0.64 (0.50-0.82)
61.4±3.9
51.0±4.5
8.6±2.1

<0.001
<0.001
<0.001
<0.001
0.035
0.001
0.13
<0.001
<0.001
0.007

13.1±1.0
22.2±3.2
63.4±4.0
2.36 (1.93-2.98)
0.50±0.14
1.08 (0.80-1.51)
0.67 (0.54-0.84)
60.6±4.3
50.3±5.0
8.5±2.1

13.0±1.1
22.1±3.4
63.6±4.1
2.30 (1.90-2.82)
0.50±0.14
1.01 (0.78-1.38)
0.66 (0.53-0.82)
60.9±4.4
50.8±5.0
8.3±2.0

ALA, alpha-linolenic acid; DHA, docosahexaenoic acid; DHD-15, 2015 Dutch Healthy Diet score; EPA, eicosapentaenoic acid; FAs, fatty acids; MI, myocardial
infarction; MUFAs, monounsaturated fatty acids; PUFAs, polyunsaturated fatty acids; Q, quintile; SFAs, saturated fatty acids; TFAs, trans-fatty acids.
Values are shown as mean ±SD, median (IQR) or n (%) unless stated otherwise. *P value for linear trend, through median values across categories of intake using
a linear regression model, or obtained from chi-square test for categorical variables; †<1% of patients had missing values for body mass index, time since MI,
smoking status, physical activity, educational level and blood pressure; ‡ part of the cohort had missing values for total cholesterol, HDL cholesterol and
triglycerides (n=61), LDL cholesterol (n=252) and plasma glucose (n=33); §to convert to mg/dL, divide by 0.02586 for total, LDL, HDL cholesterol and by
0.01129 for triglycerides; ||values for dietary TFAs, fiber and cholesterol were non-energy adjusted.
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Supplemental Table 4. Baseline characteristics of the Alpha Omega Cohort in quintiles of circulating ALA
Circulating ALA, in quintiles
Q1 (n=799)
Q2 (n=806)
Q3 (n=826)
Q4 (n=823)
Circulating ALA, % total FAs (range)
0-0.39
0.39-0.46
0.46-0.53
0.53-0.61
Age, y
68.2±5.5
68.9±5.7
68.9±5.5
69.3±5.6
Men
665 (83.2)
667 (82.8)
654 (79.2)
629 (76.4)
2†
Body mass index, kg/m
27.6±3.6
28.2±3.8
27.9±3.8
27.8±4.0
2
Obese (≥30 kg/m )
184 (23.1)
208 (25.8)
204 (24.7)
192 (23.4)
Time since MI, y†
3.4 (1.5-6.2)
3.9 (1.8-6.3)
3.7 (1.6-6.4)
3.8 (1.6-6.3)
†
Smoking status
Never
106 (13.3)
124 (15.4)
141 (17.1)
133 (16.2)
Former
551 (69.0)
546 (67.8)
564 (68.3)
548 (66.6)
Current
142 (17.8)
135 (16.8)
121 (14.7)
142 (17.3)
Physical activity†
Low
341 (43.0)
325 (40.5)
325 (39.6)
321 (39.3)
Middle
268 (33.8)
301 (37.5)
326 (39.8)
323 (39.5)
High
185 (23.3)
176 (22.0)
169 (20.6)
173 (21.2)
†
Highest level of education
Primary
151 (19.0)
152 (19.0)
155 (18.9)
178 (21.7)
Lower secondary
281 (35.4)
266 (33.2)
304 (37.1)
298 (36.3)
Higher secondary or lower tertiary
243 (30.6)
279 (34.8)
252 (30.8)
253 (30.8)
Higher tertiary
120 (15.1)
104 (13.0)
108 (13.2)
93 (11.3)
Alcohol intake
No
50 (6.3)
34 (4.2)
41 (5.0)
37 (4.5)
Low
421 (52.7)
459 (57.0)
430 (52.1)
425 (51.6)
Moderate
217 (27.2)
189 (23.5)
216 (26.2)
230 (28.0)
High
111 (13.9)
124 (15.4)
139 (16.8)
131 (15.9)
Medication use
Statins
751 (94.0)
732 (90.8)
732 (88.6)
677 (82.3)
Antithrombotic drugs
782 (97.9)
791 (98.1)
807 (97.7)
804 (97.7)
Antihypertensive drugs
717 (89.7)
731 (90.7)
722 (87.4)
741 (90.0)

P*
Q5 (n=813)
0.61-1.66
69.5±5.5
606 (74.5)
27.1±3.6
165 (20.3)
3.7 (1.7-6.3)

<0.001
<0.001
<0.001
0.10
0.37
0.06

159 (19.6)
521 (64.1)
133 (16.4)
0.31
340 (41.9)
310 (38.2)
162 (20.0)
0.08
167 (20.6)
313 (38.7)
248 (30.7)
81 (10.0)
0.32
41 (5.0)
420 (51.7)
215 (26.5)
137 (16.9)
602 (74.1)
794 (97.7)
739 (90.9)

<0.001
0.96
0.14
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Serum lipids, mmol/L‡,§
Total cholesterol
LDL cholesterol
HDL cholesterol
Triglycerides
Plasma glucose, mmol/L‡
Blood pressure (mmHg)†
Systolic
Diastolic
Prevalent diabetes
Family history of MI
Family history of diabetes
Dietary factors
Energy, kcal/d
Protein, en%
Total fat, en%
SFAs, en%
cis MUFAs, en%
PUFAs, en%
Total n-3 FAs, en%
ALA, g/d||
EPA+DHA, mg/d||
Total n-6 FAs, en%
trans-FAs, g/d||
Carbohydrates, en%
Fiber, g/d||
Cholesterol, mg/d||
Total fish (g/d)
Oily fish (g/d)

Circulating ALA, in quintiles
Q3 (n=826)
Q4 (n=823)

P*

Q1 (n=799)

Q2 (n=806)

Q5 (n=813)

4.45±0.84
2.37±0.75
1.29±0.34
1.54 (1.11-2.20)
5.59 (5.05-6.54)

4.53±0.90
2.43±0.72
1.27± 0.32
1.59 (1.18-2.20)
5.68 (5.07-6.88)

4.72±0.96
2.58±0.83
1.29±0.35
1.67 (1.23-2.31)
5.60 (5.03-6.50)

4.85±0.95
2.70±0.84
1.28±0.33
1.71 (1.28-2.41)
5.65 (5.12-6.66)

5.00±0.99
2.78±0.84
1.30±0.37
1.79 (1.30-2.52)
5.48 (5.00-6.38)

<0.001
<0.001
0.52
<0.001
0.29

141±21
80±11
159 (19.9)
94 (11.8)
177 (22.2)

143±21
80±11
194 (24.1)
92 (11.4)
173 (21.5)

143±21
81±11
140 (17.0)
95 (11.5)
156 (18.9)

142±23
80±12
175 (21.3)
89 (10.8)
180 (21.9)

142±21
80±11
145 (17.8)
97 (11.9)
148 (18.2)

0.47
0.31
0.003
0.96
0.15

1908±527
14.9±2.7
33.6±6.3
12.2±3.0
9.7±2.2
7.3±2.3
0.71±0.26
1.11±0.52
104 (46-178)
5.7±2.1
1.5±0.7
47.1±6.8
21.3±6.6
179±66
13.5 (5.3-19.0)
5.3 (1.3-9.8)

1899±497
15.2±2.8
33.7±5.8
12.4±2.8
9.5±2.1
7.3±2.2
0.72±0.25
1.12±0.49
112 (46-189)
5.6±2.1
1.5±0.6
46.8±6.6
21.6±6.6
183±67
14.0 (5.5-20.5)
5.4 (1.2-10.8)

1909±492
14.9±2.8
33.6±6.3
12.5±3.1
9.4± 2.2
7.1±2.2
0.70±0.25
1.06±0.45
111 (48-186)
5.3±2.0
1.6±0.6
46.8±6.8
21.6±6.8
182±69
13.7 (5.4-20.3)
5.5 (1.2-11.4)

1919±507
15.0±2.7
34.1±6.3
12.7±3.2
9.5±2.2
7.2±2.2
0.71±0.25
1.09±0.51
106 (46-189)
5.5±2.0
1.6±0.6
46.4±6.8
21.5±6.8
187±71
13.7 (5.8-19.7)
5.7 (1.2-11.1)

1971±563
14.9±2.9
33.9±6.2
12.6±3.2
9.4±2.2
7.2±2.3
0.72±0.26
1.07±0.51
108 (45-189)
5.4±2.1
1.6±0.7
46.6±6.9
21.8±7.0
188±71
13.0 (4.6-19.0)
5.2 (1.2-10.8)

0.006
0.32
0.26
0.002
0.025
0.59
0.34
0.06
0.21
0.022
0.018
0.12
0.18
0.004
0.84
0.64
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DHD-15 score
Circulating FAs, % total FAs
SFAs
MUFAs
PUFAs
Total n-3 PUFAs
EPA
DHA
Total n-6 PUFAs
Linoleic acid, 18:2n-6
Arachidonic acid, 20:4n-6

Q1 (n=799)
79.9±14.2

Q2 (n=806)
79.5±13.3

13.1±1.2
22.1±3.3
63.5±4.2
1.98 (1.63-2.55)
0.87 (0.64-1.28)
0.68 (0.56-0.84)
61.1±4.5
49.7±5.3
9.6±2.1

13.2±1.0
22.5±2.9
63.0±3.7
2.26 (1.88-2.84)
1.02 (0.78-1.45)
0.70 (0.57-0.86)
60.3±4.0
49.5±4.7
9.0±2.0

Circulating ALA, in quintiles
Q3 (n=826)
Q4 (n=823)
79.6±14.0
78.0±12.9
13.2±1.1
22.6±3.1
62.8±3.9
2.39 (2.01-2.99)
1.10 (0.87-1.56)
0.68 (0.55-0.85)
59.9±4.3
49.7±4.9
8.3±1.8

13.1±1.0
22.6±3.2
62.8±4.0
2.44 (2.04-3.05)
1.13 (0.84-1.60)
0.64 (0.52-0.82)
60.0±4.3
50.2±4.8
7.9±1.8

P*
Q5 (n=813)
79.2±13.4

0.09

13.1±1.2
22.7±3.4
62.7±4.2
2.62 (2.20-3.30)
1.17 (0.86-1.69)
0.62 (0.48-0.80)
59.6±4.6
50.7±5.0
7.1±1.6

0.39
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
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ALA, alpha-linolenic acid; DHA, docosahexaenoic acid; DHD-15, 2015 Dutch Healthy Diet score; EPA, eicosapentaenoic acid; FAs, fatty acids; MI, myocardial
infarction; MUFAs, monounsaturated fatty acids; PUFAs, polyunsaturated fatty acids; Q, quintile; SFAs, saturated fatty acids; TFAs, trans-fatty acids.
Values are shown as mean ±SD, median (IQR) or n (%) unless stated otherwise. *P value for linear trend, through median values across categories of intake using
a linear regression model, or obtained from chi-square test for categorical variables; †<1% of patients had missing values for body mass index, time since MI,
smoking status, physical activity, educational level and blood pressure; ‡ part of the cohort had missing values for total cholesterol, HDL cholesterol and
triglycerides (n=61), LDL cholesterol (n=252) and plasma glucose (n=33); §to convert to mg/dL, divide by 0.02586 for total, LDL, HDL cholesterol and by
0.01129 for triglycerides; ||values for dietary TFAs, fiber and cholesterol were non-energy adjusted.
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Supplemental Table 5. Associations of circulating EPA+DHA in categories based on converted Omega-3 index cut-offs with CHD, CVD and all-cause
mortality in the Alpha Omega Cohort
Categories of circulating n-3 fatty acids
P trend*
≤1.3% (n=844)
>1.3 to ≤2.2 (n=2058)
>2.2 to ≤3.1 (n=739)
>3.1 (n=426)
Median circulating EPA+DHA,
1.12
1.66
2.54
3.73
% total FA
Person-years
9169
22,779
8460
4821
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CHD mortality
Cases, n
Age- and sex-adjusted HR
Multivariable HR†

127
1.00
1.00

250
0.82 (0.66-1.01)
0.80 (0.64-1.01)

90
0.80 (0.61-1.05)
0.80 (0.60-1.07)

48
0.71 (0.51-0.98)
0.63 (0.44-0.90)

0.06
0.026

CVD mortality
Cases, n
Age- and sex-adjusted HR
Multivariable HR

189
1.00
1.00

411
0.89 (0.75-1.06)
0.87 (0.73-1.05)

155
0.91 (0.73-1.12)
0.90 (0.71-1.13)

79
0.77 (0.59-1.00)
0.70 (0.53-0.93)

0.09
0.038

All-cause mortality
Cases, n
Age- and sex-adjusted HR
Multivariable HR

436
1.00
1.00

945
0.89 (0.80-0.99)
0.90 (0.80-1.01)

313
0.80 (0.69-0.92)
0.81 (0.69-0.94)

183
0.77 (0.65-0.94)
0.73 (0.60-0.87)

0.001
<0.001

CHD, coronary heart disease; CVD, cardiovascular disease; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; FA, fatty acid; Q, quintile; ref.,
reference; values in Table represent hazard ratios (HRs) with 95% confidence intervals, estimated from multivariable Cox models; *P for linear trend, through
median values across categories of circulating EPA+DHA, using a linear regression model; †HRs were adjusted for age, sex, educational level, physical
activity, smoking status, alcohol intake, obesity, prevalent diabetes, cardiovascular drugs, serum cholesterol, circulating 18:2 n-6 (linoleic acid), and
circulating 20:4 n-6 (arachidonic acid).
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Supplemental Table 6. Sensitivity analyses for continuous associations of dietary and circulating n-3 FAs with all-cause, CVD and CHD mortality in the
Alpha Omega Cohort
EPA+DHA
ALA
CHD mortality

CVD mortality

All-cause

CHD mortality

CVD mortality

mortality

All-cause
mortality

Dietary intake
Main analysis (n=4067)

0.92 (0.86-0.98)

0.96 (0.92-1.01)

0.97 (0.94- 1.00)

0.87 (0.72-1.05)

0.91 (0.79-1.05)

0.98 (0.89- 1.07)

Excluding ≤2 y follow-up (n=3921)

0.95 (0.89-1.01)

0.98 (0.93-1.03)

0.98 (0.95- 1.01)

0.89 (0.73-1.08)

0.93 (0.80-1.08)

1.00 (0.90- 1.10)

Excluding fish oil supplement users

0.92 (0.86-0.98)

0.96 (0.92-1.01)

0.97 (0.94, 1.00)

0.88 (0.73-1.06)

0.91 (0.79-1.06)

0.97 (0.88- 1.07)

Main analysis (n=4067)

0.85 (0.77-0.95)

0.88 (0.82-0.96)

0.90 (0.85, 0.94)

1.01 (0.92-1.11)

1.02 (0.95-1.10)

1.01 (0.96- 1.06)

Excluding ≤2 y follow-up (n=3921)

0.86 (0.77-0.97)

0.89 (0.82-0.97)

0.90 (0.85- 0.95)

0.98 (0.89-1.09)

1.00 (0.93-1.08)

1.01 (0.96- 1.06)

Excluding fish oil supplement users

0.85 (0.76-0.94)

0.88 (0.81-0.96)

0.90 (0.86-0.95)

1.02 (0.92-1.11)

1.02 (0.95-1.10)

1.02 (0.97- 1.07)

(n=3880)
Circulating levels
Downloaded from http://ahajournals.org by on March 20, 2022

(n=3880)

ALA, alpha-linoleic acid; CHD, coronary heart disease; CVD, cardiovascular disease; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid, FAs, fatty
acids, MI, myocardial infarction; values in Table represent hazard ratios (HRs) with 95% confidence intervals, estimated from multivariable Cox models (see
Methods); HRs are expressed per 100 mg/d of dietary EPA+DHA, per 1 g/d of dietary ALA or per 1-SD of circulating EPA+DHA or ALA; numbers (n) refer
to patients included in the analysis.
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Alpha Omega Cohort
n=4,837
Missing data on circulating n-3 FAs (n=91) or
unknown fatty acids >5% (n=5) in plasma
cholesteryl esters

n=4,741
Missing dietary data (n=441), implausible energy
intakes (n=18) or extreme intakes of unsaturated
fatty acids (n=215)

Population for analysis
n=4,067

Supplemental Figure 1. Flow diagram for selecting the population for analysis from the Alpha Omega
Cohort.
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Supplemental Figure 2. Associations of dietary ALA (in categories) and circulating ALA (in quintiles)
with CHD, CVD and all-cause mortality.
ALA, alpha-linoleic acid; CHD, coronary heart disease; CVD, cardiovascular disease; py, personyears; Q, quintile; ref., reference.
Hazard ratios (HRs) and 95% confidence intervals (CIs) were obtained from multivariable Cox models,
using the lowest category as reference; HRs for dietary ALA were adjusted for age, sex, education
level, physical activity, smoking status, alcohol intake, obesity, prevalent diabetes, cardiovascular
drugs, time since MI, and intake of total energy, cholesterol, fiber and trans fatty acids; HRs for
circulating ALA were adjusted for the same covariates except dietary factors, plus serum total
cholesterol, circulating 18:2 n-6 and circulating 20:4 n-6; All P values for linear trend >0.05.
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Supplemental Figure 3. Associations of dietary (A) EPA+DHA (per 100 mg/d) and (B) ALA (per 1 g/d) with CHD mortality in subgroups of the Alpha
Omega Cohort.
ALA, alpha-linoleic acid; AOT, Alpha Omega Trial; CHD, coronary heart disease; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; hazard ratios
(HRs) and 95% confidence intervals (CIs) were obtained from multivariable Cox models (see Methods); dietary quality was based on the 2015 Dutch Healthy
Diet score (DHD-15; median: 79, range: 33-125); P = 0.07 for interaction between EPA+DHA and AOT treatment group; P >0.10 for other interactions.
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Supplemental Figure 4. Associations of circulating (A) EPA+DHA (per 1-SD) and (B) ALA (per 1-SD) with CHD mortality in subgroups of the Alpha
Omega Cohort.
ALA, alpha-linoleic acid; AOT, Alpha Omega Trial; CHD, coronary heart disease; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; hazard ratios
(HRs) and 95% confidence intervals (CIs) were obtained from multivariable Cox models (see Methods); median circulating 18:2 n-6 (linoleic acid) was 49.96 %
total FAs; median circulating 20:4 n-6 (arachidonic acid) was 8.26 % total FAs; dietary quality was based on the 2015 Dutch Healthy Diet score (DHD-15;
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median: 79, range: 33-125); P = 0.07 for interaction between EPA+DHA and circulating 20:4 n-6 (arachidonic acid); P = 0.06 for interaction between ALA
and statin use; P >0.10 for other interactions.
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