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Intake of n-3 and n-6 polyunsaturated fatty acids (PUFAs) has been implicated in the pathogenesis of depression.
We sought to estimate the association between intake of fish and n-3 and n-6 PUFAs and suicide mortality over the
course of long-term follow-up. In this prospective cohort study, biennial questionnaires were administered to 42,290
men enrolled in the Health Professionals Follow-up Study (1988-2008), 72,231 women enrolled in the Nurses’
Health Study (1986-2008), and 90,836 women enrolled in Nurses’ Health Study Il (1993-2007). Dietary fish
and n-3 and n-6 PUFA intakes were assessed every 4 years using a validated food-frequency questionnaire. Sui-
cide mortality was ascertained through blind physician review of death certificates and hospital or pathology reports.
Adjusted relative risks of suicide mortality were estimated with multivariable Cox proportional hazards models and
pooled across cohorts using random-effects meta-analysis. The pooled multivariable relative risks for suicide
among persons in the highest quatrtile of intake of n-3 or n-6 PUFAs, relative to the lowest quartile, ranged from
1.08 to 1.46 for n-3 PUFAS (Pyeng =0.11-0.52) and from 0.68 to 1.19 for n-6 PUFAS (Pyeng = 0.09-0.54). We did
not find evidence that intake of n-3 PUFAs or fish lowered the risk of completed suicide.

diet; docosahexaenoic acid; eicosapentaenoic acid; fish; linoleic acid; n-3 polyunsaturated fatty acids; suicide

Abbreviations: ALA, a-linolenic acid; Cl, confidence interval; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; HPFS,
Health Professionals Follow-up Study; NHS, Nurses’ Health Study; NHS2, Nurses’ Health Study Il; PUFA, polyunsaturated fatty

acid; SD, standard deviation.

The marine-derived n-3 polyunsaturated fatty acids
(PUFAS), eicosapentaenoic acid (EPA; 20:5n-3), docosahex-
aenoic acid (DHA; 22:6n-3), and the plant-derived o-linolenic
acid (ALA; 18:3n-3) have been hypothesized to play a role in
maintaining cell membrane fluidity, regulating neurotrans-
mitters, and suppressing cytokine production (1). Syntheses
of these findings implicate low n-3 PUFA levels in the patho-
genesis of major depressive disorder and bipolar disorder,
as well as schizophrenia (2). First, cross-sectional studies
suggest an inverse association between population-level in-
take of fish and the prevalence of depressive disorders (3)
and between intake of fish and severity of depression symp-
toms measured at the individual level (4). Second, moderately
decreased levels of EPA and DHA have been identified in
various blood fractions (e.g., plasma, serum, and/or erythro-

cytes) of persons diagnosed with major depressive disorder
(5). Third, in some cohort studies, greater intake of n-3
PUFAs or fish has been associated with a reduced incidence
of depressed mood (6-8). However, in other cohort studies,
no statistically significant association has been observed (9,
10). In addition, while numerous randomized controlled trials
have tested different preparations of EPA + DHA in the treat-
ment of persons with depressed mood or depressive disor-
ders, meta-analyses of these trials have yielded conflicting
findings (11-13).

Little work has extended the above findings to the study of
completed suicide, a significant, terminal outcome that has
been relatively ignored in the field (14). The first randomized
controlled trial of n-3 PUFA supplementation for reduction
of completed suicides and suicide attempts (Defense Medical
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Research and Development Program 12023001; Principal In-
vestigator: B. Marriott) began enrolling participants last year.
This area of research could have an important public health
impact, given that changes in dietary n-3 PUFA intake,
even if relatively small in magnitude from the perspective
of specific individuals, could, as Rose (15, 16) classically ar-
gued, have substantial implications for the population burden
of disease (17, 18). The Omega-3 Fatty Acids Subcommittee
of the American Psychiatric Association issued a recommen-
dation that all adults consume fish at least 2 times per week
and that persons with depressive disorders achieve a mini-
mum intake of 1 g of EPA + DHA per day (2). Such a level of
EPA + DHA intake would require the consumption of, for
example, 23 ounces (652 g) of Atlantic cod or 2.5 ounces
(71 g) of sockeye salmon per day (19). Yet the conflicting
evidence reviewed above suggests the need for more study
about the effects of n-3 PUFA intake on completed suicide,
arguably the most significant terminal outcome for abnormal
mental health.

To address this substantive gap in our current knowledge
base, we used repeated dietary assessment data from men
and women enrolled in 3 large US cohort studies to estimate
the association between n-3 PUFA and n-6 PUFA intake and
the incidence of suicide mortality over the course of long-
term follow-up. In doing so, we sought to make the following
contributions to the literature. First, of the 3 previous studies
(9, 20, 21), the positive study by Hirayama (20) did not adjust
for any potentially confounding variables, and the 2 null stud-
ies by Hakkarainen et al. (9) and Poudel-Tandukar et al. (21)
were based on smaller cohorts followed for shorter periods of
time. Second, none of these studies measured n-6 PUFA in-
take. The n-6 PUFA linoleic acid (18:2n-6) is a precursor of
arachidonic acid (20:4n-6), from which proinflammatory
eicosanoids and cytokines are derived, leading some to hy-
pothesize that imbalance between n-3 PUFA intake and n-6
PUFA intake may lead to depression (22, 23). Because the
n-3 PUFAs and the n-6 PUFAs require the same metabolic
enzymes and compete with each other (24, 25), a more com-
prehensive analysis of the putative benefits of n-3 PUFA in-
take should account for both n-3 and n-6 PUFAs. Third, none
of these studies accounted for changes in diet between base-
line and follow-up. Given that dietary patterns may change
over time, studies with only a single measurement of n-3
PUFA intake may be prone to exposure misclassification.

METHODS
Study population

For this study, we analyzed data from 3 ongoing US cohort
studies: the Nurses’ Health Study (NHS) (26, 27), the Health
Professionals Follow-up Study (HPFS) (28), and Nurses’
Health Study II (NHS2) (29). Participants in all cohort stud-
ies provided written informed consent and were followed
with biennial questionnaires on lifestyle, medication use,
and disease incidence. To identify an analytic sample com-
prised of study participants who were healthy at baseline
and to reduce the possibility of unobserved confounding,
we excluded participants with self-reported histories of seri-
ous cardiovascular conditions (myocardial infarction, angina,
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or stroke) (30, 31) or cancer (except nonmelanoma skin can-
cer) (32) at baseline. After these exclusions, data from 42,290
HPES participants, 72,231 NHS participants, and 90,836
NHS2 participants were available for analysis. The study
protocol was approved by the institutional review boards of
Brigham and Women’s Hospital and Harvard School of Pub-
lic Health.

Assessment of n-3 and n-6 PUFA and fish intake

Dietary intakes were assessed every 4 years using semi-
quantitative food-frequency questionnaires (33). These ques-
tionnaires employed common units or portion sizes for each
food (34), with 9 possible frequency responses ranging from
“never” to “6 or more per day.” We then calculated the aver-
age daily intake of nutrients by multiplying the frequency of
consumption of each item by its nutrient content per serving.

Among the items included were 4 questions about seafood
consumption during the past year. For calculating intake of
EPA + DHA, we followed a previously published method
by weighting the mean values of EPA and DHA for the
most common types of fish according to 1984 landing data
from the US Department of Commerce (35, 36). We assigned
grams per serving as follows: 1.51 for dark-meat fish, 0.42 for
canned tuna, 0.48 for other fish, and 0.32 for shrimp, lobster,
or scallops. Nutrient intakes were adjusted for total energy in-
take by means of the residual approach (37). Baseline intake
of EPA + DHA was derived primarily from fish (8§7% of total
intake), with much lower amounts derived from chicken (7%)
and liver (2%), similar to sources in the US food supply (38).

Also among the items included were additional questions
about the types of fat or oil used in food preparation, con-
sumption of specific brands or types of margarine, consump-
tion of mayonnaise or other creamy salad dressing, and
consumption of oil-and-vinegar salad dressing. These and
other items enabled us to calculate intakes of ALA and lino-
leic acid. Nutrient values were obtained from the Harvard
University Food Composition Database, derived using data
from US Department of Agriculture sources (39) and supple-
mented with manufacturer information and direct analysis of
food samples obtained from Boston, Massachusetts-area gro-
cery stores and fast-food restaurants (40, 41). The measures
of n-3 and n-6 PUFA intake used in this study have well-
documented construct validity, as supported by moderate-
to-strong correlations with fatty acids measured in plasma
and erythrocytes (42) and adipose tissue (43) and by their
ability to predict the incidence of relevant conditions such
as coronary heart disease (34, 41, 44), type 2 diabetes (45),
and macular degeneration (46).

Case ascertainment

The outcome of interest was suicide mortality. In most in-
stances, study staff were informed of a participant’s death by
next of kin, through questionnaires returned by the US Postal
Service, or through reports from participants’ professional or-
ganizations. Additionally, the vital status of serial nonre-
sponders was ascertained through the US National Death
Index, a method that has been shown to have 98% sensitivity
and 100% specificity for ascertainment of deaths (47, 48).
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Physicians blinded to exposure status reviewed death certif-
icates and hospital or pathology reports to classify individ-
ual causes of death. Deaths due to self-inflicted injuries were
classified according to the underlying causes listed on the
death certificate. For this study, we specifically examined
deaths classified with codes E950-E959 according to the
World Health Organization’s International Classification
of Diseases, Eighth Revision (NHS), and International
Classification of Diseases, Ninth Revision (HPFS and
NHS2).

Statistical analysis

Each participant contributed person-time from the date of
return of the baseline questionnaire (1988 for HPFS, 1986 for
NHS, and 1993 for NHS2) to either death or the end of
follow-up (January 1, 2008, for HPFS; June 30, 2008, for
NHS; and June 30, 2007, for NHS2), whichever came first.
To estimate the association between n-3 and n-6 PUFA intake
and suicide mortality, we fitted multivariable Cox regression
models to the data (49). To adjust for potential confounding
by age, calendar time, and any potential 2-way interactions
between these 2 time scales, we stratified the analysis jointly
by age in months at the start of follow-up and by calendar
year of the questionnaire cycle. The time scale for the analy-
sis was then measured in months since the start of the current
questionnaire cycle. No departures from the proportional haz-
ards assumption were observed.

To account for changes in dietary intake over time and to
reduce random measurement error, we used the cumulative
average of dietary intake from all available questionnaires.
To minimize the possibility that our findings could be attrib-
uted to reverse causation, we allowed a 2- to 4-year interval
between assessment of intake and the start of a follow-up
cycle (50). For example, in our analysis of the NHS data,
we used the cumulative average of n-3 PUFA intake based
on the 1984 and 1986 questionnaires to predict suicide mor-
tality in 1988-1990 and 1990-1992, used intakes from
19841990 to predict suicide mortality in 1992—-1994 and
1994-1996, and so on. To test for linear trends across quintiles
of intake, we modeled the median values within each category
of exposure.

For each cohort, we fitted a series of nested regression
models to estimate the associations between n-3 and n-6
PUFA intakes and suicide mortality. We investigated separately
the 4 largest contributors to n-3 and n-6 PUFA intakes (ALA,
EPA + DHA, arachidonic acid, and linoleic acid), as well as
total n-3 PUFA intake and total n-6 PUFA intake. First, we
fitted a regression model that adjusted for age and time inter-
val. Second, we adjusted for smoking status, body mass index
(weight (kg)/height (m)?), alcohol consumption, marital sta-
tus, weekly physical activity, and consumption of caffeinated
coffee. For women, we further adjusted for menopausal status
and use of hormone replacement therapy. Finally, we further
adjusted for the cumulative average intakes of other nutrients,
including energy (kcal/day), trans fatty acids (g/day), saturated
fatty acids (g/day), monounsaturated fatty acids (g/day), and
the other n-3 and n-6 PUFAs (g/day).

In sensitivity analyses, we further adjusted for self-reported
regular use of minor tranquilizers (i.e., benzodiazepines)

and antidepressant medications (serotonin-specific reuptake
inhibitors, serotonin-norepinephrine reuptake inhibitors, tri-
cyclic agents, monoamine oxidase inhibitors, or other), as
well as for self-reported use of fish oil and/or cod liver oil
supplements. For women in the NHS2, we further adjusted
for score on the 5-item Mental Health Inventory (51). Finally,
to ensure that our findings were broadly generalizable, we re-
fitted the regression models to the data including all study
participants (i.e., including persons with serious cardiovascu-
lar conditions or cancer who were excluded from the primary
analysis).

We used inverse-variance-weighted random-effects meta-
analysis to pool the estimates across the 3 cohorts, and these
pooled estimates are reported as our primary findings. The
I? statistic was employed to describe the proportion of total
variation in study estimates due to heterogeneity. Cohort-
specific estimates, as well as the estimates corresponding to
the sensitivity analyses, can be found in Web Tables 1-5
(available at http:/aje.oxfordjournals.org/). All analyses
were carried out with SAS software, version 9.2 (SAS Insti-
tute, Inc., Cary, North Carolina).

RESULTS

Across all participants at baseline, the mean daily intake of
EPA + DHA was 0.30 (standard deviation (SD), 0.26) g/day
for men in the HPFS cohort and 0.19 (SD, 0.15) g/day and
0.20 (SD, 0.17) g/day for women in the NHS and NHS2 co-
horts, respectively. Average daily intake exceeded 0.5 g/day
for only 5,691 (13.6%) men in the HPFS cohort and 2,600
(3.6%) and 4,269 (4.7%) women in the NHS and NHS2 co-
horts, respectively. Men and women in higher quartiles of
EPA + DHA intake reported more physical activity and
lower rates of smoking, but otherwise differences across
quartiles of EPA + DHA intake were minimal (Web Table 1).

Over the course of 3,511,768 person-years of follow-up
across the 3 cohorts, there were 287 suicide events. There
were no statistically significant associations between suicide
mortality and quartile of either ALA intake or EPA + DHA
intake (Table 1). In the age-adjusted regression models,
each 1 g/day of ALA intake was associated with a relative
risk for suicide mortality of 0.88 (95% confidence interval
(CD: 0.69, 1.13), while each 0.3 g/day of EPA + DHA intake
was associated with a relative risk of 1.21 (95% CI: 1.05, 1.39).
In fully adjusted multivariable regression models, there was a
non-statistically significant higher risk of suicide mortality
across increasing quartiles of total n-3 intake (Pyeng=0.11),
and the relative risk for each 1 g/day of total n-3 intake was
1.43 (95% CI: 1.01, 2.02). I? values ranged from 0% to 14%
for the pooled estimates of ALA and total n-3 PUFA intake
and from 53% to 70% for the pooled estimates of EPA +
DHA intake. When disaggregated by cohort, the higher
risks from EPA + DHA intake were most strongly observed
among women (Web Table 2).

Greater linoleic acid intake was associated with a lower
risk of suicide mortality (Table 2). In fully adjusted multivar-
iable regression models, there was a non-statistically signifi-
cant lowered risk of suicide mortality across linoleic acid
intake quartiles (Pyeng =0.09), and each 5 g/day of linoleic
acid intake was associated with a relative risk of 0.67 (95%
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Table 1.

Pooled?® Relative Risk of Suicide Mortality According to Quartile of n-3 Polyunsaturated Fatty Acid Intake for

Participants in the Nurses’ Health Study (1986—2008), Nurses’ Health Study Il (1993-2007), and the Health

Professionals Follow-up Study (1986—2008)

Age-Adjusted®

Multivariable Multivariable

n-3 PUFA Type and No. of Person-Years Model 1¢ Model 29
Quartile of Intake Cases of Follow-up
RR 95% CI RR 95% CI RR 95% CI
ALA
Quatrtile 1 86 880,502 1 Reference 1 Reference 1 Reference
Quatrtile 2 50 880,371 0.59 0.41,0.84 0.69 0.48,0.98 0.69 0.48,0.99
Quartile 3 78 873,483 091 066,124 1.06 0.77,145 1.12 0.80,1.57
Quartile 4 73 877,412 0.83 0.60,1.13 0.98 0.70,1.35 1.10 0.76,1.59
P for trend 0.77 0.54 0.21
Per increment® 0.88 0.69,1.13 0.99 0.78,1.25 1.08 0.82,1.43
EPA + DHA
Quartile 1 69 876,241 1 Reference 1 Reference 1 Reference
Quartile 2 54 885,584 0.76 0.53,1.08 0.83 0.58,1.19 0.81 0.56,1.17
Quartile 3 84 869,215 121 0.88,1.67 1.32 0.95,1.84 127 0.91,1.77
Quartile 4 80 880,728 110 0.79,153 1.14 0.81,1.60 1.08 0.76,1.54
P for trend 0.33 0.31 0.52
Per increment® 121 1.05,139 1.15 0.99,1.33 1.12 0.95,1.30
Total n-3 PUFASs'
Quartile 1 70 875,589 1 Reference 1 Reference 1 Reference
Quartile 2 75 877,506 1.03 0.74,1.43 122 0.87,1.70 1.32 0.94,1.86
Quartile 3 69 882,400 0.95 0.68,1.34 1.14 0.81,1.60 1.31 0.91,1.88
Quartile 4 73 876,272 099 0.71,1.38 1.15 0.82,1.62 1.46 0.98,2.16
P for trend 0.78 0.62 0.11
Per increment® 1.01 074,139 1.11 0.83,150 1.43 1.01,2.02

Abbreviations: ALA, o-linolenic acid; Cl, confidence interval; DHA, docosahexaenoic acid; EPA, eicosapentaenoic
acid; PUFA, polyunsaturated fatty acid; RR, relative risk.
@ Results from the 3 cohort-specific regression models were combined using random-effects meta-analysis (for

cohort-specific estimates, see Web Table 2).

b Adjusted for age (years; continuous variable) and time interval.
¢ Further adjusted for smoking status (never smoker, former smoker, current smoker of 1—14 cigarettes/day, current

smoker of 15—24 cigarettes/day, or current smoker of >25 cigarettes/day), body mass index (weight (kg)/height (m)?;
<25, 25—-29.9, or >30), alcohol consumption (g/day), marital status (married/partnered, widowed, or separated/
divorced/single), physical activity (metabolic equivalents/week, in quintiles), and consumption of caffeinated coffee
(cups/day). For women, the multivariable regression model further adjusted for menopausal status and use of
hormone replacement therapy (postmenopausal with or without hormone replacement therapy, premenopausal, or
never use of hormone replacement therapy).

9 Further adjusted for cumulative average intake of energy (kcal/day), trans fatty acids (g/day), saturated fatty acids
(g/day), and monounsaturated fatty acids (g/day) (all continuous variables). For ALA, multivariable model 2 further
adjusted for EPA + DHA and total n-6 PUFAs (all continuous). For EPA + DHA, multivariable model 2 further adjusted
for ALA and total n-6 PUFAs (both continuous). For total n-3 PUFAs, multivariable model 2 further adjusted for total n-6

PUFAs (continuous).

¢ The per-increment scale was 1 g/day for ALA, 0.3 g/day for EPA + DHA, and 1 g/day for total n-3 PUFAs.

" Total n-3 PUFAs = ALA + EPA + DHA.

CI: 0.48, 0.95). Greater arachidonic acid intake was associ-
ated with a non-statistically significant higher risk of suicide
mortality, resulting in a largely null association for total n-6
PUFA intake. I* values ranged from 0% to 2% for the pooled
estimates of linoleic acid, arachidonic acid, and total n-6
PUFA intake. When disaggregated by cohort, the lowered
risks from linoleic acid intake were most strongly observed
among men (Web Table 3).
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Greater fish intake did not have a statistically significant
association with suicide mortality (Table 3). Across catego-
ries of intake frequency, there was a non-statistically signifi-
cant reduction in risk of suicide mortality (Peng=0.80).
Compared with those eating less than 1 serving of fish
per week, the relative risk of suicide mortality among
persons eating 3 or more servings per week was 1.00
(95% CI: 0.69, 1.47). I” values ranged from 0% to 60%
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Table2. Pooled® Relative Risk of Suicide Mortality According to Quartile of n-6 Polyunsaturated Fatty Acid Intake for
Participants in the Nurses’ Health Study (1986—2008), Nurses’ Health Study Il (1993-2007), and the Health

Professionals Follow-up Study (1986—2008)

Age-Adjusted®

Multivariable Multivariable

n-6 PUFA Type and No. of Person-Years Model 1¢ Model 29
Quartile of Intake Cases of Follow-up
RR 95% CI RR 95% ClI RR 95% CI
Linoleic acid
Quartile 1 89 880,518 1 Reference 1 Reference 1 Reference
Quartile 2 76 876,438 0.87 0.64,1.19 1.04 0.76,1.42 1.05 0.75,1.47
Quartile 3 69 874,580 0.79 0.57,1.08 0.94 0.68,1.30 0.95 0.66,1.38
Quartile 4 53 880,231 0.58 0.41,0.83 0.67 0.47,0.95 0.68 0.43,1.07
P for trend 0.001 0.02 0.09
Per increment® 0.63 0.49,0.81 0.72 0.56,0.91 0.67 0.48,0.95
Arachidonic acid
Quatrtile 1 65 862,479 1 Reference 1 Reference 1 Reference
Quartile 2 78 900,095 1.08 077,151 117 0.84,1.64 1.14 0.81,1.61
Quartile 3 59 854,726 0.93 0.65,1.34 1.00 0.70,1.44 0.95 0.65,1.37
Quartile 4 85 894,467 1.28 092,178 128 092,179 1.19 0.83,1.71
P for trend 0.19 0.25 0.54
Per increment® 125 1.02,153 120 0.99,1.47 1.15 0.92,1.44
Total n-6 PUFAS'
Quartile 1 81 877,501 1 Reference 1 Reference 1 Reference
Quartile 2 82 877,289 1.03 0.75,140 124 0.90,1.70 1.31 0.94,1.83
Quartile 3 66 878,261 0.82 0.59,1.15 1.01 0.72,1.41 1.07 0.73, 1.56
Quartile 4 58 878,716 0.70 0.50,0.99 0.84 0.59,1.19 0.91 0.58,1.43
P for trend 0.02 0.17 0.49
Per increment® 0.70 0.56,0.88 0.80 0.64,1.00 0.76 0.56,1.03

Abbreviations: Cl, confidence interval; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; PUFA,

polyunsaturated fatty acid; RR, relative risk.

& Results from the cohort-specific regression models were combined using random-effects meta-analysis (for

cohort-specific estimates, see Web Table 3).
b Adjusted for age (continuous) and time interval.

¢ Further adjusted for smoking status (never smoker, former smoker, current smoker of 1—14 cigarettes/day, current
smoker of 15—-24 cigarettes/day, or current smoker of >25 cigarettes/day), body mass index (weight (kg)/height (m)>;
<25, 25-29.9, or >30), alcohol consumption (g/day), marital status (married/partnered, widowed, or separated/
divorced/single), physical activity (metabolic equivalents/week, in quintiles), and consumption of caffeinated coffee
(cups/day). For women, the multivariable regression model further adjusted for menopausal status and use of
hormone replacement therapy (postmenopausal with or without hormone replacement therapy, premenopausal, or

never use of hormone replacement therapy).

9 Further adjusted for cumulative average intake of energy (kcal/day), trans fatty acids (g/day), saturated fatty acids
(g/day), and monounsaturated fatty acids (g/day) (all continuous variables). For linoleic acid, multivariable model 2
further adjusted for arachidonic acid and total n-3 PUFAs (both continuous). For arachidonic acid, multivariable
model 2 further adjusted for linoleic acid and total n-3 PUFAs (both continuous). For total n-6 PUFAs, multivariable
model 2 further adjusted for total n-3 PUFAs (continuous).

¢ The per-increment scale was 5 g/day for linoleic acid, 0.1 g/day for arachidonic acid, and 5 g/day for total n-6

PUFAs.
f Total n-6 PUFAs = linoleic acid + arachidonic acid.

for the pooled estimates of fish intake. When disaggregated
by cohort, greater fish intake was associated with a higher
risk of suicide mortality among women in the NHS cohort
and lower risks of suicide mortality among women in the
NHS2 cohort and among men in the HPFS cohort, but
these estimates were not statistically significant (Web
Table 4).

Further adjustment for severity of depression symptoms
(NHS?2 only) and self-reported use of minor tranquilizers, an-
tidepressant medications, and fish oil and/or cod liver oil sup-
plements did not yield any substantive changes in the point
estimates (Web Tables 2—4), nor did inclusion of study par-
ticipants with histories of serious cardiovascular disease or
cancer (Web Table 5).

Am J Epidemiol. 2014;179(12):1458-1466
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Table 3. Pooled?® Relative Risk of Suicide Mortality According to Category of Fish Intake for Participants in the
Nurses’ Health Study (1986—-2008), Nurses’ Health Study Il (1993—-2007), and the Health Professionals Follow-up

Study (1986-2008)

Fish Intake, Person-Years of Age-Adjusted® Multivariable Model 1°
ServingsNVeek No. of Cases FoIIow-up RR 95% CI RR 95% CI
<1 57 827,311 1 Reference 1 Reference
1-1.9 109 1,351,974 1.06 0.76, 1.47 1.14 0.82, 1.58
2-2.9 59 730,667 0.94 0.65, 1.36 1.02 0.70, 1.49
>3 62 601,814 0.95 0.65, 1.38 1.00 0.69, 1.47

P for trend 0.90 0.80

Abbreviations: Cl, confidence interval; RR, relative risk.

@ Results from the cohort-specific regression models were combined using random-effects meta-analysis (for

cohort-specific estimates, see Web Table 4).

b Adjusted for age (years; continuous variable) and time interval.

¢ Further adjusted for smoking status (never smoker, former smoker, current smoker of 1—14 cigarettes/day, current
smoker of 15—24 cigarettes/day, or current smoker of >25 cigarettes/day), body mass index (weight (kg)/height (m)%;
<25, 25-29.9, or >30), alcohol consumption (g/day), marital status (married/partnered, widowed, or separated/
divorced/single), physical activity (metabolic equivalents/week, in quintiles), and consumption of caffeinated coffee
(cups/day). For women, the multivariable regression model further adjusted for menopausal status and use of
hormone replacement therapy (postmenopausal with or without hormone replacement therapy, premenopausal, or

never use of hormone replacement therapy).

DISCUSSION

Using data from 205,357 US men and women followed for
a period of 14-22 years, we did not find evidence that intake
of n-3 PUFAs or fish lowered the risk of completed suicide.
Moreover, depending on the specification, EPA + DHA in-
take and total n-3 PUFA intake were associated with higher,
but not statistically significant, risks of suicide mortality. We
also found no evidence that intake of n-6 PUFAs raised the
risk of completed suicide. These estimates were robust to
both linear and nonlinear specifications of the exposure var-
iables, as well as alternative configurations of potentially
confounding variables.

Our finding that n-3 PUFA intake, specifically EPA +
DHA intake, did not exert a protective influence against com-
pleted suicide is consistent with the null findings of 2 of the 3
previously published cohort studies that have examined the
relationship between n-3 PUFA intake and suicide risk (9,
21). Although we cannot exclude the possibility of a small
benefit of n-3 PUFA intake, the lower confidence limit of
the pooled relative risk for total n-3 PUFA intake was very
close to 1. Thus, we find it unlikely that n-3 PUFA and/or
fish intake exerted protective effects against suicide that
were large in magnitude.

How can these null findings on completed suicide be rec-
onciled with previous studies linking n-3 PUFA and/or fish
intake to depression? Two explanations are possible. First,
n-3 PUFA intake may not, contrary to popular belief, reduce
levels of depressive symptoms. In addition to the mixed ev-
idence from observational studies reviewed in the Introduc-
tion, Bloch and Hannestad (13) summarized the findings of
13 randomized, double-blind, placebo-controlled trials and
concluded that n-3 PUFA supplementation had neither a sta-
tistically significant nor a clinically significant impact on de-
pression symptom severity. Small changes in the criteria for
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inclusion of studies suggested that the impact of n-3 PUFA
supplementation on depression symptom severity was, at
best, statistically significant but small in magnitude (52). A
second possible explanation for the divergence in findings
between our study and some of the other studies in the liter-
ature is that, even if low n-3 PUFA intake is linked to depres-
sion, this may not be sufficient to increase the risk of suicide.
Major depressive disorder is predictive of suicidal ideation
but, conditional on suicidal ideation, is not predictive of sui-
cide attempts (53). Other important determinative factors in-
clude hopelessness (54—-56), social integration (57-59), the
acquired capability for suicide (60, 61), and impulsivity (62).

A significant limitation of this study is that we had a lim-
ited ability to adjust for unobserved depressive disorders or
subthreshold differences in mood. However, adjustment for
self-reported use of minor tranquilizers and antidepressant
medications reduced the statistical significance of the tests
for trend in 8 out of 12 regression models for n-3 PUFA
and fish intake (Web Tables 2 and 4) and increased the sta-
tistical significance in 6 of 9 regression models for n-6 PUFA
intake (Web Table 3). These patterns are the opposite of what
would have been expected if unobserved differences in de-
pression were driving the null results. Use of antidepressant
medication is known to be an imperfect proxy for depressive
disorders given the twin problems of underuse (i.e., persons
diagnosed with depressive disorders failing to receive recom-
mended care (63, 64)) and overuse (i.e., persons treated with
antidepressant medications lacking diagnoses of depressive
disorders or alternative indications for use (65, 66)) of antide-
pressant medications, as well as the increasing use of mini-
mally effective antipsychotic medications in the treatment
of depressive disorders (67-69). A direct measure of depres-
sion symptom severity (the 5-item Mental Health Inventory)
was available from study inception onward only in NHS2,
but inclusion of this variable in the regression models did
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not yield strong evidence that failure to adjust for depression
symptom severity in the HPFS and NHS could explain the
null findings. These largely reassuring analytic results may
be attributed to the relative homogeneity of the cohorts, since
all 3 data sets consisted of generally healthy men and women.
Moreover, participants in the NHS, NHS2, and HPES cohort
studies were not enrolled until after completing the extended,
rigorous, and frequently stressful training required for entry
into their respective professions, at ages exceeding the typical
age of onset for severe mood disorders (70) that would have
likely interfered with completion of training.

A second important limitation is that our study excluded
persons younger than 29 years of age. Substantial develop-
mental transformations are observed during adolescence
and early young adulthood (71, 72). Given the hypothesized
effects of n-3 PUFA intake on neuronal function and plastic-
ity, it is possible that a sizeable protective effect of n-3 PUFA
and/or fish intake could have been observed in a study fo-
cused on younger persons.

A third limitation is that the levels of long-chain n-3 PUFA
intake observed in our sample were not comparable to the
dosages employed in randomized controlled trials of n-3
PUFA supplementation to treat depressed mood. Across the
3 cohorts we studied, median EPA + DHA consumption
among participants in the uppermost quartile of intake ranged
from 0.34 g/day to 0.51 g/day, and the 95th percentile of
daily intake ranged from 0.46 g/day to 0.82 g/day. In contrast,
most randomized trials have employed preparations with
EPA + DHA dosages exceeding 1 g/day (11-13, 52, 73—
76). Yet even in the cohort study by Sanchez-Villegas et al.
(6), there was no statistically significant reduction in the inci-
dence of self-reported mental disorder among participants in
the uppermost quintile of long-chain n-3 PUFA intake—
despite the median intake being 1.89 g/day (a level achievable
with a daily intake of 43 ounces (1,219 g) of Atlantic cod or
4.7 ounces (133 g) of sockeye salmon). We attempted to fit
regression models exploring the relative risk of completed
suicide at greater levels of EPA + DHA intake (e.g., >0.5
g/day), but small cell sizes undermined our confidence in
the robustness of those estimates. Importantly, further adjust-
ment for self-reported use of fish oil and/or cod liver oil sup-
plements did not substantively change our findings.

In summary, our analysis of long-term follow-up data from
more than 200,000 men and women enrolled in 3 large cohort
studies does not provide evidence to support the hypothesis
that greater intake of n-3 PUFAs or fish is associated with a
lowered risk of completed suicide. Neither does our study
provide evidence to support the hypothesis that greater intake
of n-6 PUFAs is associated with a higher risk of completed
suicide. Potential associations beyond the range of usual di-
etary intakes could not be excluded.
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