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ABSTRACT

Background: In patients who have experienced a myocardial in-
farction (MI), n—3 (omega-3) PUFA status is low, whereas the risk
of depression is increased.

Objective: The objective was to assess whether the plant-derived
a-linolenic acid (ALA) and the fish fatty acids EPA and DHA would
improve affective states.

Design: In a secondary analysis of the randomized, double-blind,
placebo-controlled Alpha Omega Trial, 4116 of 4837 (85.1%) pa-
tients (aged 60-80 y; 79.2% men) who had experienced an MI were
included. Margarine spreads were used to deliver 400 mg EPA-
DHA/d, 2 g ALA/d, both EPA-DHA and ALA, or a placebo for
40 mo. At 40 mo, the endpoints of depressive symptoms (15-item
Geriatric Depression Scale) and dispositional optimism (a 4-item
questionnaire and the Life Orientation Test—Revised) were analyzed
by using a posttest-only design.

Results: The 4 randomly assigned groups did not differ in baseline
characteristics. ALA supplementation significantly increased plasma
cholesteryl ester concentrations of ALA by 69%, and EPA-DHA
supplementation increased plasma cholesteryl ester concentrations
of EPA and DHA by 61% and 30%, respectively. Depressive symp-
toms or dispositional optimism did not differ between groups with
the use of n—3 fatty acids compared with placebo at the 40-mo
follow-up. The standardized mean (*SE) differences in depressive
symptoms were as follows: for EPA-DHA plus ALA (n = 1009)
compared with placebo (n = 1030), —0.025 = 0.044 (P = 0.57); for
EPA-DHA (n = 1007) compared with placebo, —0.048 = 0.044
(P = 0.28); and for ALA (n = 1022) compared with placebo,
—0.047 = 0.044 (P = 0.29).

Conclusions: In patients who had experienced an MI, low-dose
EPA-DHA supplementation, ALA supplementation, or a combina-
tion of both did not affect depressive symptoms and dispositional
optimism. These findings are in accord with those from previous
trials in individuals without psychopathology or without severe de-
pressive symptoms. This trial was registered at clinicaltrials.gov as
NCT00127452. Am J Clin Nutr 2011;94:1442-50.

INTRODUCTION

The (very-) long-chain essential n—3 polyunsaturated fatty
acids have been associated with several health benefits. EPA
(20:5n—3) and DHA (22:6n—3) are essential fatty acids found
primarily in fatty seafood (eg, salmon, sardines, herring, and
mackerel). Populations with a low fish intake had higher rates of
depression (1). Most (2—4), but not all (5, 6), cross-sectional and
prospective studies showed that fish and n—3 fatty acid intake
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was inversely associated with depression and other poor affec-
tive states. In addition, several studies showed that depressed
patients had low blood concentrations of n—3 fatty acids, par-
ticularly of DHA, compared with healthy controls (7). Clinical
trials (8-13) and an updated meta-analysis of 35 clinical trials
(14), generally of short duration (<6 mo), indicated that EPA-
DHA administration had a small antidepressant effect in patients
with major depression but not in participants with no or only
mild depressive symptoms. For the parent compound of n—3
fatty acids found in vegetable oils, ALA* (18:3n—3), there is
only circumstantial evidence for beneficial effects on depression
and dispositional optimism in adults (15, 16). In a large cohort
study, the intake of ALA was inversely associated with incident
depression during 10 y of follow-up (17). In a randomized trial
in 51 children and adolescents with bipolar disorders, flaxseed
oil rich in ALA did not significantly affect rating scale scores
compared with placebo during the 16-wk follow-up (18).
Depressive symptoms and other negative affective states are
common in patients with CHD, with ~20% of post-MI patients
suffering from major depression that is being undertreated (19,
20). Depression predicted new and recurrent adverse cardio-
vascular outcomes (21). With respect to positive affective states,
dispositional optimism—defined in terms of generalized positive
outcome expectancies and a future orientation—was related to
a higher intake of n—3 fatty acids (22, 23) and a lower risk of
CHD and cardiovascular mortality (24, 25). Because CHD was
associated with lower intakes of fish and fish fatty acids (26, 27),
and depressive symptoms in CHD patients were related to lower
circulating DHA concentrations compared with CHD patients
without depressive symptom (28-30), n—3 fatty acids may
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improve the affective state and prevent depression in patients
with CHD.

We investigated in a randomized placebo-controlled trial (26,
27) whether long-term treatment with low doses of n—3 fatty
acids are beneficial for the affective state in >4000 patients who
had experienced an MI.

SUBJECTS AND METHODS

Study design and patients

For the present study, data were used from the Alpha Omega
Trial, a secondary prevention study on the effect of n—3 fatty
acids on cardiovascular diseases carried out in 4837 post-MI
patients aged 60-80 y (26, 27). The flow diagram of the trial is
shown in Figure 1. Patients who had experienced an MI were
recruited by cardiologists from 32 hospitals from April 2002
through December 2006, with follow-up until December 2009.
We aimed to assess whether low-dose n—3 fatty acids compared
with placebo improved affective states in 4116 (of 4837; 85.1%)
patients. The trial was conducted in accordance with the Dec-
laration of Helsinki and approved by one central medical ethics
committee (Haga Hospital, Leyenburg, The Hague, Netherlands,
Office for Human Research Protections #10RG0004004) and by
the committees of all participating hospitals. Written informed
consent was obtained from all patients.
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Study protocol

Patients were randomly allocated according to a 2 X 2 factorial
design to /) 400 mg EPA-DHA plus 2 g ALA/d, 2) 400 mg EPA-
DHA/d, 3) 2 g ALA/d, or 4) a placebo comparator margarine (in
which EPA, DHA, or ALA was exchanged for oleic acid), with
a presumed average margarine intake of 20 g/d. Margarines that
the patients usually used were replaced with the study margar-
ines, as opposed to supplementation with fish-oil capsules used
in most previous trials (14). Randomization was performed with
a 1:1:1:1 allocation ratio by using a computer random number
generator. The margarines were similar to each other in taste,
odor, texture, and color. Dosages were comparable to the Rec-
ommended Dietary Allowances for these n—3 fatty acids (26).
The ratio of EPA to DHA in margarines that contained fish oil
was, on average, 3:2. An objective measure of compliance was
obtained by measurement of fatty acid composition in plasma
cholesteryl esters from random samples of ~750 patients at
different time points (who all provided data on depression and
optimism at 40 mo).

Depression and optimism endpoints

Questionnaires were completed by trained research nurses at
home or in the hospital or self-completed when mailed to the
patients’ homes. Depressive symptoms were measured by using
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FIGURE 1. CONSORT (Consolidated Standards of Reporting Trials) diagram showing patient flow of men and women aged 60—-80 y who had experienced
an MI within 10 y before entering the study to receive 1 of 4 margarine spreads that were enriched with EPA-DHA, ALA, or both or placebo in a 2 X 2 factorial
design. For the computation of the scores, the following missing items were allowed: total GDS-15 score, 1 or 2 out of 15; for the total LOT-R, 1 out of 6; and
for the 4Q scores, 1 out of 4. ALA, «-linolenic acid; GDS-15, 15-item Geriatric Depression Scale; LOT-R, Life Orientation Test—Revised; MI, myocardial

infarction; 4Q, 4-item optimism questionnaire.
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the GDS-15 (31), a 15-item “yes or no” self-administered
questionnaire to assess depressive symptoms during the past
week in elderly subjects (Cronbach’s o = 0.77). The full 30-item
version of the GDS was found to have high reliability, speci-
ficity, and sensitivity for major depression in CHD patients (32).
The total score ranges from O to 15, with higher scores in-
dicating more depressive symptoms. For the computation of the
GDS-15 score, 2 missing items were allowed and were sub-
sequently imputed with the mean of the remaining items (n =
377 of 4068, 9.3%). The cutoff of >10 was used to identify
patients with severe depressive symptoms. Patients were asked if
they had ever been treated for depressive symptoms by a general
practitioner, psychiatrist, psychotherapist, or social worker; and
whether they had affected first-degree biological relatives.

Dispositional optimism was assessed by using 2 ques-
tionnaires: the LOT-R (23, 25) and a 4Q (23, 24, 33). The 4Q
statements were as follows: “I still expect much from life,” “I do
not look forward to the years to come,” “My days seem to pass by
slowly,” and “T am still full of plans” (our translations). The 2
negatively worded items were reverse coded for computation of
the 4Q sum score. Although the 4Q has not been validated in
a psychometric sense, it did show predictive value for depressive
symptoms (33) and cardiovascular mortality (24). One missing
item per patient was allowed, which was imputed (n = 361 of
4084, 8.8%). The LOT-R is a 10-item questionnaire of which 4
items are filler items (23, 25). Three negatively worded items
were reverse coded for computation of the LOT-R sum score.
One missing item per patient was allowed, which was imputed
(n = 183 of 4059, 4.5%). The total score range from O to 8 for
the 4Q and from 0 to 24 for the LOT-R, with higher scores in-
dicating greater optimism. Cronbach’s o values were 0.58 and
0.55 for the 4Q and LOT-R, respectively.

Other variables

At baseline, data were collected on demographic factors (age,
sex, educational level, marital status), lifestyle (smoking status,
alcohol use), medical history, and self-rated health and medi-
cation use (26). Baseline data on medication use were coded
according to the Anatomical Therapeutic Chemical Classification
System and included benzodiazepines (Anatomical Therapeutic
Chemical Classification codes: NO5SBA, NO5CD, NO3AEOI1,
NO5CF) and antidepressants (NO6A) that were subclassified as
selective serotonin reuptake inhibitors (NO6AB), tricyclic anti-
depressant medications (NO6AA), and other antidepressant
medications (NO6AF, NO6AG, NO6AX). Physical activity was
assessed by the validated Physical Activity Scale for the Elderly
(26). Patients were physically examined by trained research
nurses at home or in the hospital, and measurement included
weight and height (to calculate the BMI).

Statistical analysis

The power to detect an effect of EPA-DHA on depressive
symptoms was calculated by using pooled standardized mean
differences of 0.10 (14) and 0.45 (34) (as the overall effect was
larger in trials that used supplements with >50% EPA) and
a 2-sided o of 0.05. On the basis of the given numbers of ~1000
experimental subjects and ~1000 control subjects, the power
ranged between 0.61 (14) and 1.00 (34) in 4-way analyses. On
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the basis of the given numbers of ~2000 experimental subjects
and ~2000 control subjects, the power ranged between 0.89 (14)
and 1.00 (34) in 2-way analyses.

Analyses in all 4116 patients were based on a predefined
statistical analysis plan (see www.alphaomegatrial.com) by using
a posttest-only design. An independent biostatistician performed
unblinding of the treatment allocation after the primary analysis
on affective state was completed. The groups who received n—3
fatty acid supplementation were compared with the placebo
group in 4-way analyses (in which the each of the 3 n—3 groups
was compared with the placebo group). In additional 2-way
analyses, the 2 groups who received EPA-DHA were combined
and compared with the 2 groups who did not receive EPA-DHA,
and the 2 groups who received ALA were combined and com-
pared with the 2 groups who did not receive ALA. Because of
the positively skewed distributions of the GDS-15 and blood
concentrations of ALA, EPA, and DHA, these variables were
natural log-transformed before analyses. Because the distribu-
tion of 4Q scores was negatively skewed (due to the ceiling
effect of the maximum score of 8), 9 minus the sum score was
natural log-transformed. Back-transformed geometric means are
presented in tables. To compare the groups’ demographic,
medical, and psychiatric characteristics and to identify differ-
ences in fatty acid concentrations, protocol completion, de-
pressive symptoms, and dispositional optimism, chi-square tests
for categorical variables and 1-factor ANOVAs for continuous
variables were used (Table 1). In multivariable general linear
models we adjusted for relevant covariates (ie, age, sex, edu-
cation, marital status, self-rated health, smoking status, alcohol
use, physical activity, family history of depression, antidepres-
sant use, and use of any psychotropic drug). Nonparametric
Mann-Whitney tests were additionally used for group compar-
isons. ORs for the prevalence of moderate to severe depressive
symptoms (GDS-15 >5) were calculated on the basis of logistic
regression.

Regarding subgroup analyses, changes over time (40 mo
compared with baseline) in depression and optimism scores could
be analyzed in 632 patients with full data by using ANCOVA,
with adjustment for the depression and optimism scores at
baseline. The consistency of the effects of the study treatment on
standardized scores (z scores) of depressive symptoms was
further evaluated in prespecified subgroups on 10 characteristics.
All tests were 2-tailed, with P < 0.05 denoting significance. The
software used was SPSS version 17.0 (SPSS Inc).

RESULTS

Baseline characteristics and treatment

In the 4116 patients there were no differences in demographic,
lifestyle, and biological factors or in the use of psychotropic
medication between the 4 treatment groups (Table 1). In 632
patients who filled out the questionnaires on affective state at
baseline, there were no differences in depressive symptoms and
dispositional optimism between the 4 treatment groups. Of the
4837 original participants, there were 370 patients who died and
351 who did not complete the questionnaires (14.9%), and these
were equally distributed among the randomly assigned groups
(P =0.97 and P = 0.14, respectively; Figure 1).
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TABLE 1
Baseline characteristics of the 4116 patients with coronary heart disease assigned to receive the n—3 fatty acids’
EPA-DHA and ALA EPA-DHA

Variables (n =1021) (n = 1015) ALA (n = 1034) Placebo (n = 1046) P value?
Age (y) 68.8 = 5.5° 68.8 £ 5.5 68.6 = 5.5 68.7 = 5.5 0.77
Women [n (%)] 214 (21.0) 213 (21.0) 222 (21.5) 209 (20.0) 0.86
Time since MI, mean * SD, y 4.1 = 3.0 42 + 3.1 44 +33 43 + 34 0.15
Diabetes” [n (%)] 187 (18.3) 206 (20.3) 210 (20.3) 189 (18.1) 0.40
Self-reported history of stroke [n (%)] 72 (7.1) 62 (6.1) 70 (6.8) 62 (5.9) 0.69
BMI° (kg/mz) 27.8 £ 3.8 27.7 = 3.7 27.8 = 3.7 27.7 = 3.7 0.94
Diastolic blood pressure (mm Hg) 80.1 = 11.2 81.1 = 11.2 80.5 = 11.0 80.3 = 10.8 0.23
Systolic blood pressure (mm Hg) 141.5 = 21.8 143.0 = 21.2 141.9 = 209 1422 = 21.7 0.42
Higher education® [ (%)] 453 (44.6) 428 (42.3) 465 (45.4) 469 (45.2) 0.48
Married [n (%)] 825 (80.8) 802 (79.0) 837 (80.9) 855 (81.7) 0.46
Current smoker [n (%)] 137 (13.4) 162 (16.0) 160 (15.5) 169 (16.2) 0.29
Alcohol use” [n (%)] 777 (76.3) 762 (75.1) 779 (75.4) 778 (74.5) 0.82
No or light physical activity [n (%)] 382 (37.7) 401 (39.7) 385 (37.5) 428 (41.0) 0.29
Moderate to poor self-rated health [n (%)] 227 (22.3) 188 (18.6) 224 (21.8) 215 (20.7) 0.16
Family history of depressi0n8 [n (%)] 203 (20.0) 195 (19.3) 177 (17.3) 207 (19.8) 0.36
Medication use [n (%)]

Antidepressant 35 (3.4) 36 (3.5) 29 (2.8) 41 (3.9) 0.56

SSRI 16 (1.6) 16 (1.6) 16 (1.5) 29 (2.8) 0.10

TCA 9 (0.9) 13 (1.3) 8 (0.8) 9 (0.9) 0.64

Other antidepressant 10 (1.0) 7(0.7) 5(0.5) 3(0.3) 0.21

Benzodiazepines 94 (9.2) 71 (7.0) 79 (7.6) 89 (8.5) 0.27

Any psychotropic drugs 115 (11.3) 103 (10.1) 98 (9.5) 119 (11.4) 0.43
Affective-state questionnaires’

Depressive symptoms score (GDS-15) 1.43 (1.19, 1.69) 1.23 (1.00, 1.49) 1.35 (1.12, 1.61) 1.36 (1.13, 1.61) 0.74

Dispositional optimism score (4Q) 6.90 (6.70, 7.09) 7.02 (6.81, 7.21) 6.87 (6.67, 7.07) 6.84 (6.63, 7.03) 0.31

Dispositional optimism score (LOT-R) 14.8 (14.3, 15.2) 14.5 (14.0, 15.0) 14.6 (14.1, 15.1) 14.7 (14.2, 15.2) 0.87

! Values may not total to the column total because of missing values for some variables. ALA, o-linolenic acid; GDS-15, Geriatric Depression Scale;
LOT-R, Life Orientation Test-Revised; MI, myocardial infarction; SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic antidepressant; 4Q, 4-item

optimism questionnaire.
2 Chi-square tests and ANOVA were used to determine significance.
3 Mean = SD (all such values).

 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 concentration [>7.8 mmol/L (40.5 mg/dL) in patients who had fasted >4 h or >11.1 mmol/L (200.0 mg/dL) in nonfasting patients].

° BMI is calculated as weight in kilograms divided by height in meters squared.

% Higher education was defined as higher vocational education, college, or university.

7 Alcohol use was defined as >1 glass/wk.
8 Family history of depression was assessed at 40 mo.

? For depressive symptoms and dispositional optimism, data on 632 patients were available at baseline. Values are geometric means; 95% ClIs in

parentheses.

The 4116 patients included in the present analyses had a mean
age of 68.7 y, and 20.8% of the patients were women. The mean
period between the index MI and entry in the study was 4.2 y.
Patients had a median intake of 15 g fish/d IQR: 7-19 g/d) and
130 mg EPA-DHA/d (IQR: 0-210 mg/d) per day. At baseline,
3.4% were taking antidepressant medication and 8.2% were
taking benzodiazepines.

The median duration of follow-up was 40.9 mo (IQR: 39.4—
41.6 mo), and the average (*SD) intake of the trial margarine
was 19.4 + 4.0 g/d, which was very close to the expected daily
dose of 20 g/d and which implicates, on average, an additional
233 mg EPA/d, 155 mg DHA/d, and 1.9 g ALA/d in the ap-
propriate groups. At the 40-mo visit, 94.3% of 4116 participants
were still using their assigned margarine (which was equally
distributed among the randomly assigned groups; Figure 1; P =
0.16). This high level of compliance was shown in increases in
plasma cholesteryl esters at 40 mo (Figure 2): ALA supple-
mentation increased serum ALA by 69.2% compared with pla-
cebo, and EPA-DHA supplementation increased serum EPA by

61.7% and serum DHA by 29.9% compared with placebo.
Similar differences were observed at 20 mo. Blinding was
successful, as shown by the fact that 74.8% of patients could not
tell which margarine they were using, and the remaining patients
were unable to do better than chance when guessing the identity
of the 4 interventions.

Outcomes

Because of some incomplete questionnaires among the 4116
participants, 40 mo of data were available for 4068 (98.8%)
subjects for the GDS-15, for 4084 (99.2%) for the 4Q, and for
4059 (98.6%) for the LOT-R (Table 2). There was no evidence of
a biological interaction between EPA-DHA or ALA and their
effects on either depressive symptoms or dispositional optimism
(Table 2). There were no differences between the 4 groups in
depressive symptoms or dispositional optimism at 40 mo (Table
2). The standardized mean (*SE) differences of depressive
symptoms were as follows: for EPA-DHA plus ALA (n = 1009)
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FIGURE 2. ALA, EPA, and DHA concentrations in plasma cholesteryl esters at baseline, 20 mo, and 40 mo in random samples of patients with coronary
heart disease, according to n—3 fatty acid supplementation. Geometric mean (95% CI) values are presented on logarithmic scales. *P < 0.001 for group

difference at that time point, as assessed by ANOVA. ALA, «-linolenic acid.

compared with placebo (n = 1030), —0.025 = 0.044 (P = 0.57);
for EPA-DHA (n = 1007) compared with placebo, —0.048 =
0.044 (P = 0.28), and for ALA (n = 1022) compared with pla-
cebo, —0.047 £ 0.044 (P = 0.29; Table 2 and Figure 3). De-
pressive symptoms and dispositional optimism were not affected
by EPA-DHA, ALA, or a combination of both at 40 mo, except
for a slight beneficial effect on the LOT-R score in the EPA-
DHA group compared with placebo that approached significance
(P = 0.051; Table 2).

In addition, in 2-way analyses no significant differences were
found. The standardized mean (*=SE) differences of depressive
symptoms were —0.013 £ 0.031 (P = 0.67) and —0.012 * 0.031
(P =0.69) for EPA-DHA (n = 2016) compared with placebo (n =
2052) and for ALA (n = 2031) compared with placebo (n =
2037), respectively.

At 40 mo, there were 59 (1.4%) patients with severe depressive
symptoms (GDS-15 >10). The adjusted ORs for severe de-
pressive symptoms compared with placebo were 1.00 in the
EPA-DHA plus ALA group, 1.29 in the EPA-DHA group, and
1.40 in the ALA group (all P >0.3; Table 2). Similar results
were found when using a cutoff for the GDS-15 of >7 (data not
shown).

In the randomly assigned groups no significant differences in
side effects such as gastrointestinal problems (eg, stomach upset)
and other health problems were found (27).

Analyses of subgroups

In 632 subjects with both baseline and 40-mo values of de-
pression and optimism scores, there were no differences between
the changes over time between the n—3 fatty acid supplemen-
tation groups compared with the placebo group (Table 3). The
risk of a decline in GDS-15 of 2 points over 40 mo was similar
in those treated with n—3 fatty acids and placebo.

Prespecified subgroup analyses did not show significant dif-
ferences in effects of EPA-DHA and/or ALA compared with
placebo on depressive symptoms between subgroups (Figure 3).

There was no evidence for an effect of n—3 fatty acids compared
with placebo in patients at increased risk of depression (ie, with
a history of depression, with a family history of depression, or
taking antidepressant medications at baseline). There was,
however, a tendency in the small group who used antidepressant
medications at baseline for a beneficial effect of EPA-DHA (P =
0.04; Figure 3).

DISCUSSION

In this multicenter, randomized, double-blind trial, low-doses
of supplementation with either EPA-DHA or ALA were com-
pared with placebo (ie, oleic acid) in >4000 patients who had
experienced an MI. These interventions did not affect depressive
symptoms and dispositional optimism in post-MI patients, most
of whom had no psychiatric diagnosis and no depressed mood.
Similar results were obtained in subgroups of patients taking
antidepressants or with a (family) history of depression. How-
ever, we found that the small group of patients (n = 36) who
were prescribed antidepressant medications at baseline showed
a somewhat greater improvement in depressive symptoms when
taking EPA-DHA compared with placebo (n = 40).

Our findings are in accord with trials carried out in cardio-
vascular patients. In a trial carried out in 122 CHD patients with
major depression—many of whom also had experienced an MI—
1680 mg EPA-DHA added to 50 mg sertraline/d did not result in
better depression outcomes after 10 wk than did placebo oil added
to sertraline (10). In a trial in which 102 stroke patients were
randomly assigned, no effect on depressive symptoms was ob-
served of an additional dose of 1000 mg EPA-DHA (12). In this
secondary analysis of the Alpha Omega Trial, no formal di-
agnostic assessment of depression was carried out and post-MI
patients were included who, in majority, did not suffer from
psychopathology. Therefore, our trial could not answer the re-
search question about the antidepressant effects of (high-dose)
n—3 fatty acids in patients with major depression. However, our
results have meaningful applicability to the context of the CHD



1447

n-3 FATTY ACIDS AND AFFECTIVE STATES

oW () 1B 0 < QI09S G[-SAD © SE pauyap sem swoydwks oarssardop a1oadg
‘(9rerrdordde uoym ‘sisATeue uorssardar onsi3o[ 10 VAODNYVY Aq) Snip ordonoyoAsd Aue jo asn pue ‘osn juessardopnue
‘uorssaxdap jo A1o3sty Ajwrey ‘(san0399ed ¢) A11anoe [edrsAyd ‘asn [oyode (s911039)ed ¢) snjeys Jupjows (SALI03BI ¢) YI[EAY PAJeI-J[S ‘Snjeis [eIlIew ‘(SI110391ed §) UoneInp? ‘x3s ‘9fe 10j pasnlpy ,
"sosotpuared U UBSW Y} JO S[) 9%G6 ‘SUBOUL OLIOWOST PIULIOJSUEL-YOR] AIE SON[EA .
"(dnoi3 eouareger ‘a1) dnois oqeoerd oy yim paredwod se odueOYIUSIS QUIULIIGP 0) Pasn sem sIsA[eue uolssaIgar dnsisof 1o ‘sodwes juspuadopur g 10§ VAONYV ‘159) Aomiym-uuejy omewereduoyy
-aareuuonsonb wistundo woyI-4 ‘QOf (90UAIAJAI ‘JI (PISIAY—ISAL, UONLIUALIQ I “Y-LOT 9[edS uorssardo omenon ‘G1-SO PIoe dIus[oul-» Yy 'SosA[eue pajsnlpeun ur
A-LOT U 10§ (%9°86) 6S0F 103 Pue ‘O U3 10§ (%T'66) Y0¥ 103 ‘S1-SAD S 10§ $303[qns (%8°86) 8901 10§ S[qe[IeAE 219m Eiep ‘sjuedionied 9 [ ay) Suowre sasreuuonsonb o[dwodour SWos Jo asnedRy |

SvlTYD €1 6001 0L0 OV TYD vyl £66 1500 @1 vy 9v1 886 9’0 O TYD vl £86 »gueour pasnlpy
Sy TYD €91 8201 9L°0 Sv1TYD vyl €201 600 Lyl vyD 9vl 1001 870 Oy TYD vyl L0O1 SUBON
912D #1 8201 89°0 912D #1 €201 0S0°0 L1z #1 1001 050 912D +1 LOOT (4O uerpay
(J-LOT) 21005 wstundo [euonisodsiq
(6L°9 ‘€9'9) 1L'9 ¥101 170 (¥8'9 89'9) 9L'9 666 LOO (989 ‘0L'9) 6L°9 266 0v'0 (689 ‘¥L'9) 789 066 suEour pasnlpy
(089 °€9'9) TL'9 ¥€01 170 (S8'9 ‘89'9) LL'9 0€01 90 (L8'9°0L'9) 8L'9 9001 Sro (88'9 “TL'9) 089 v101 <UBN
(8-9) L ¥€01 Se0 (8-9) L 0€01 81°0 (8-9) L 9001 ST'0 (8-9) L ¥101 (JO1) uerpay
(OF) 2100s wistundo euonisodsiq
a1 01 0101 8€°0 (L6T99°0) OF'1 £66 150 (8L°T09°0) 6T'1 166 660 (17T *S#'0) 00°1 786 1D %56) 4O pawsnlpy
@on 01 0€01 940] WL'T¥9°0) TE'T 7201 990 (0S'T95°0) 8I'1 L001 080 (e TS0 ort 6001 (ID %56) YO 2pn1)
(€D €l 0€01 wn Lt 7201 (DSt L0OT @D #1 6001 (%) u
Sswoydwks oarssardop aroadg
(SS'T°9¢'D S¥'1 0101 0r'0 6¥'1 ‘1€°D 0¥'1 £66 40 6¥'1 “1€°D 0¥'1 166 150 ST ‘€D 171 786 peueawt pasnlpy
(8S°T “LED LT 0£01 6T0 (6t'1 ‘6T°1) 6€'1 7201 8T°0 (6v'1 ‘6T 6€°1 LOOT LSO (€S T ‘e D €1 6001 TR
(€0 ¢ 0€01 920 (€01 ol ¥T0 (€01 L00T 61'0 (€01 6001 (4O ueIpsy
(S1-S@D) 2100s swoydwiks aarssardoq
anJeA u NQ aNnJeA u Nﬁ& anjeA u NnN anJeA u our ()f7 Je [eIS JUAWSSIASSY
(90ua19Ja1) 0g2dR[d VIV VHA-Vdd VIV PUe VHA-Vdd

,0900e[d s paredwod vy pue ‘ogederd yim paredwod VHA-VIA
‘ogoaoe[d yim paredwod vy snid VHO-VJE 2A19921 0) pauSIsse aseasip 1ueay Areuoiod yim sjuaned ur dn-mofjoj Jo ow (f Je $s2100s swodno wsiwndo pue swoydwiAs soarssardop uo sisk[eue Aem-Ioq

T HT4dVL



1448

GILTAY ET AL

Subgroup No. Mean difference for No. Mean difference for No. Mean difference for No. Placebo
EPA-DHA plus ALA versus placebo EPA-DHA versus placebo ALA versus placebo (reference)

All patients 1009 | =0.025 (0.044); P=0.57 1007 | | -0.048 (0.044); P=0.28 1022 | | =0.047 (0.044); P=0.29 1030
Age

<70yr 598 = -0.066 (0.057); P=0.25 597 = -0.017 (0.057); P=0.77  &I5 - —0.026 (0.056); P=0.65 608

270 yr 411 - 0.035 (0.069); P=0.61 410 - -0.092 (0.069); P=0.18 407 - -0.069 (0.069); P=0.32 422
Sex

Male 800 | —0.053 (0.049); P=0.28 798 | ] —0.082 (0.049); P=0.09 805 | —0.113 (0.049); P=0.02 827

Female 209 - 0.074 (0.103); P=0.47 209 - 0.075 (0.103); P=0.47 217 —- 0.187 (0.102); P=0.07 203
Years since myocardial infarction

<3.7 years (<median) 512 - -0.111 (0.063); P=0.08 521 = -0.016 (0.063); P=0.80 496 E 2 -0.091 (0.064); P=0.15 515

23.7 years (2median) 491 = 0.052 (0.063); P=0.40 481 - =0.100 (0.063); P=0.11 520 - =0.019 (0.062); P=0.76 505
Margarine intake

<10 g/d 50 —0.056 (0.240); P=0.82 6l ——— —0.107 (0.230); P=0.64 52 —0.165 (0.238); P=0.49 40

10-20 g/d 422 - 0.052 (0.073); P=0.47 393 - 0.023 (0.074); P=0.76 408 - 0.010 (0.073); P=0.89 367

220 g/d 537 = -0.082 (0.057); P=0.15 553 = -0.101 (0.057); P=0.08 562 = -0.079 (0.057); P=0.16 623
Background average intake of EPA-DHA

250 mg/d 737 a -0.030 (0.052); P=0.56 744 L 3 -0.033 (0.051); P=0.52 782 = —0.036 (0.051); P=0.48 743

<50 mg/d 198 —-— -0.022 (0.102); P=0.83 192 —-— =0.117 (0.103); P=0.26 167 —-— =0.061 (0.107); P=0.57 193
Background average intake of fish

25 g/d 744 | ; -0.063 (0.052); P=0.22 746 3 -0.055 (0.052); P=0.29 779 3 -0.044 (0.051); P=0.39 735

<5g/d 191 —— 0.117 (0.102); P=0.25 190 — —0.030 (0.103); P=0.77 170 —-— —0.041 (0.106); P=0.70 201
Family history of depressive symptoms

Absent 802 ] —0.032 (0.050); P=0.53 809 ] —0.028 (0.050); P=0.57 841 —0.069 (0.049); P=0.16 821

Present 202 —— 0.017 (0.096); P=0.86 194 —-— -0.109 (0.097); P=0.26 175 —-— 0.110 (0.100); P=0.27 206
History of depression

Present 128 — -0.041 (0.138); P=0.77 125 — -0.152 (0.139); P=0.28 135 - 0.084 (0.136); P=0.54 134

Absent 877 | | -0.014 (0.046); P=0.76 878 | | -0.021 (0.046); P=0.65 879 | | -0.054 (0.046); P=0.24 885
Use of antidepressants at baseline

Absent 974 n —0.037 (0.045); P=0.41 971 n -0.030 (0.045); P=0.50 993 n —0.042 (0.044); P=0.35 990

Present 35 —— 0.382 (0.237); P=0.11 36 -0.477 (0.235); P=0.04 29 P 0.028 (0.250); P=0.91 40

05 -04 -02 00 02 04 06 06 -04 -02 00 02 04 06 06 04 -02 00 02 04 04
EPA-DHA plus ALA better Placebo better EPA-DHA better Placebo better ALA better Placebo better

FIGURE 3. Mean differences in depressive symptoms between prespecified subgroups, according to treatment group, in patients assigned to n—3 fatty acid
supplementation groups compared with placebo. The horizontal bars represent SEs, and the vertical gray dotted lines indicate no mean difference. The size of
the boxes is proportional to the number of patients. P values for the difference between the groups assigned to n—3 fatty acids compared with placebo are
shown. GDS-15 scores were log-transformed because of their positively skewed distribution, and standardized scores were used in the analysis. The mean
difference indicates the mean number of SDs in the GDS-15 score (ie, standardized z scores) by which the n-3 fatty acid—treated group was lower or higher
than the placebo group at 40-mo follow-up. ALA, a-linolenic acid; GDS-15, 15-item Geriatric Depression Scale.

patients who are willing to consume extra fish meals, n—3 fatty
acid supplements, or functional foods rich in n—3 fatty acids if it
would improve their affective status. Many of these persons
already add extra n—3 fatty acids to their diets, and the outcome
of depressive symptoms and optimism was therefore chosen to
be relevant to the participants included in this trial. Conse-
quently, the results may help MI patients to decide whether
they will begin low-dose n—3 fatty acid supplementation to
improve their level of mental well-being. Our findings suggest
that this may be ineffective in the absence of severe depressive
symptoms.

Other trials were carried out in healthy persons and patients
with major depression. A recently published meta-analysis
showed that EPA-DHA did not affect depressive symptoms in
trials carried out in healthy subjects without psychiatric di-
agnoses and no depressed mood but had therapeutic effect in
depressed patients (14). In these trials, higher doses of EPA-DHA
(1-9 g/d) were used than those in our trial. The largest trial to date
in 432 patients with major depression reported that 8 wk of 1.2 g
EPA-DHA/d resulted in a small benefit over placebo that
approached significance (13). Although high-dose EPA-DHA
may reduce depressive symptoms in patients with major de-
pression (13, 14), larger trials are needed to underpin this hy-
pothesis further because there was evidence of publication bias
and substantial heterogeneity among trials (14).

We did not find an effect of a low dose of EPA-DHA on
dispositional optimism in patients who had experienced an MI.
However, we found in observational studies that in populations
characterized by low fish intakes, EPA-DHA intake was posi-

tively associated with optimism (22, 23). Yet, favorable asso-
ciations in observational studies could be due to unmeasured or
residual confounding, or reverse causation.

We are not aware of previous trials in adults investigating the
effect ALA—the precursor of EPA and DHA—on affective
states. In large cohort studies, a protective effect of ALA intake
on incident depression was found in one (17) but not another (5)
study. We found no overall effect of 2 g ALA supplementation/d,
which increased daily intake of our patients by >100%, being
consistent with the intended dose. ALA is present in green leafy
vegetables and certain nuts and vegetable oils and would provide
a more abundant plant source of n—3 fatty acids than would
EPA and DHA. ALA supplementation was found to increase
EPA (by 41.7%) but not DHA (Figure 2), because bioconversion
through desaturation and elongation into DHA is rather in-
efficient in humans. Some studies found evidence for the idea
that EPA is more beneficial for affective states than DHA (8, 9,
13). In a meta-analysis of randomized trials, n—3 fatty acid
supplements containing >50% EPA showed an overall benefi-
cial effect on depressive symptoms (34) with daily dose regi-
mens generally above 1 g EPA+DHA. Our trial had null findings
and used margarines that contained 60% EPA (and 40% DHA)
but in a lower daily dose of 0.39 g EPA-DHA.

This study has several limitations. First, this is an ancillary
study of the Alpha Omega Trial, which was designed to examine
the effect of n—3 fatty acids on cardiovascular diseases and for
which we reported that EPA-DHA or ALA did not significantly
reduce the rate of major cardiovascular events or total mortality
(27). This population comprised MI patients, most of whom had
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Changes in depressive symptoms and optimism outcome scores at baseline and at 40-mo follow-up in 632 patients with coronary heart disease assigned to
receive EPA-DHA plus ALA compared with placebo, EPA-DHA compared with placebo, and ALA compared with placebo’

EPA-DHA plus ALA EPA-DHA ALA Placebo (reference)
(n =165) (n =141) (n=159) (n =167)
Assessment scale Estimate P’ Estimate P’ Estimate P’ Estimate
Depressive symptoms score (GDS-15)
Baseline 1 (0-3)° 1(0-2) 1(0-3) 1(0-3)
40 mo 1 (0-3) 1 (0-3) 1 (0-3) 1(0-3)
Change 0.19 (-0.13, 0.50)*  0.37 0.32 (0.02, 0.61) 0.23 0.12 (-0.23, 0.48) 0.59 0.04 (-0.24, 0.31)
Dispositional optimism score (4Q)
Baseline 7 (6-8) 7 (6-8) 7 (6-8) 7 (6-8)
40 mo 7 (6-8) 7 (6-8) 7 (6-8) 7 (6-8)
Change —0.04 (-0.26,0.19) 094 —0.33 (-0.58,-0.07) 0.12 —0.10(-0.34,0.14) 0.75 —0.03 (-0.23, 0.18)
Dispositional optimism score (LOT-R)
Baseline 15 (13-7) 15 (13-17) 15 (13-17) 15 (12-17)
40 mo 14 (12-16) 14 (12-16) 15 (12-16) 14 (12-16)
Change —0.53 (-0.98, -0.07) 0.12 0.04 (-0.45,0.53) 092 —0.21 (-0.66, 0.25) 049 —0.08 (-0.49, 0.34)

” The 632 patients with complete data on all 3 questionnaires at both time points were included in the analyses. Scores of the GDS-15 ranged from 0 to
15, with >5 consistent with moderate to severe levels of depressive symptoms and a diagnosis of depression. Scores of the 4Q ranged from 0 to 8 and of the
LOT-R ranged from O to 24, with higher scores indicating higher levels of optimism. ALA, o-linolenic acid; GDS-15, Geriatric Depression Scale; LOT-R, Life
Orientation Test—Revised; 4Q, 4-item optimism questionnaire; 95% CI, 95% CI of the mean.

2 ANCOVA was used to determine significance compared with the placebo group, with adjustment for baseline covariates.

3 Median; IQR in parentheses (all such values).
4 Mean; 95% CIs in parentheses (all such values).

no depression at baseline. Therefore, we were not able to eval-
uate the treatment efficacy for reducing significant depressive
symptoms in the large majority of our post-MI patients, and our
findings cannot be generalized to depressed patients. Second, the
dose of n—3 fatty acids used was relatively low for the active
intervention conditions and may have been insufficient, although
blood concentrations markedly increased. Pharmacologic rather
than food-based doses may be needed to influence affective
states. Third, change scores in the affective state could be cal-
culated only in a subgroup, but these yielded similar findings.
Fourth, we did not examine incident depression at regular in-
tervals across the entire project period. Fifth, some patients
(14.9%) did not complete the questionnaires at 40 mo for vari-
ous reasons.

Our trial also has strengths. Randomization was successful, as
evidenced by similar distributions of baseline demographic
variables and risk factors for depression, including the affective
state in a subgroup of 632 patients. Moreover, there was no
differential mortality or other dropout among the randomly
assigned groups, strengthening internal validity of this posttest-
only trial. Other strengths are the study’s largest sample size to
date investigating the effects of n—3 fatty acids, assessments of
both negative and positive affective states, effective blinding, the
well-tolerated margarines, and the long-term follow-up. More-
over, this is the first study of ALA supplementation on de-
pressive symptoms in adults; an earlier study was conducted in
children and adolescents (18).

In summary, we conducted a randomized, double-blind,
clinical trial in patients who had experienced an MI and who had
a low habitual intake of fish. Our results do not provide evidence
of a beneficial effect of low doses of dietary EPA-DHA or ALA
on depression and optimism in MI patients without a depressive
disorder. Further well-designed randomized controlled trials are

required in patients with a major depressive disorder with the use
of high doses of EPA-DHA and further studies with the use of
ALA supplementation.
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