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ABSTRACT
Background The association between ﬁsh
consumption and risk of depression is controversial. We
performed a meta-analysis to evaluate the association.
Methods A literature search was performed in
PubMed, EMBASE and Web of Science database for all
relevant studies up to March 2015. We pooled the
relative risks (RRs) with 95% CIs from individual studies
with random effects model, and conducted
meta-regression to explore potential sources of
heterogeneity. Publication bias was estimated by
Egger’s test and the funnel plot.
Results A total of 26 studies involving 150 278
participants were included in the present meta-analysis.
The pooled RR of depression for the highest versus
lowest consumption of ﬁsh was 0.83 (95% CI 0.74 to
0.93). The ﬁndings remained signiﬁcant in the cohort
studies (RR=0.84, 95% CI 0.75 to 0.94, n=10) as well
as in the cross-sectional studies (RR=0.82, 95% CI 0.68
to 1.00, n=16). When men and women were analysed
separately, a signiﬁcant inverse association was also
observed. There was no evidence of publication bias.
Conclusions This meta-analysis indicates that high-ﬁsh
consumption can reduce the risk of depression.
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Depression is a common mental health disorder,
with an estimated 350 million people affected.1
According to the WHO, depression is now the
leading cause of disability worldwide.2 It is projected to be the world’s second leading cause of
disease burden by the year 2020.2 In addition,
depression is also an important risk factor for lifetime suicide attempt, with a population attributable
risk proportion of about 28%.3 However, the
current treatment for depression is not satisfactory,
because of the poor compliance, side effects and
high recurrence rate with antidepressant medications.4 Considering its public health impacts, there
is increasing interest in exploring modiﬁable lifestyle factors to prevent depression.
In 1998, Hibbeln5 suggested that dietary factors
may account for the variation in depression prevalence between countries. Much studies have investigated the associations between food consumption
and depression risk.6 7 Furthermore, a
meta-analysis published recently indicated that a
healthy dietary pattern, characterised by a high
intake of fruits, vegetables, ﬁsh and whole grains,
was signiﬁcantly associated with a reduced risk of
depression.8 However, it is not yet clear which
component of the dietary pattern would be responsible for the protective effect. Fish, as an important
source of n-3 polyunsaturated fatty acids (n-3
PUFAs), which may play important roles in neural

structure and function,9 10 has been reported to be
associated with depression in several studies.11–14
However, others did not ﬁnd an association
between ﬁsh consumption and depression risk.15–19
Considering the inconsistent and inconclusive
ﬁndings of the epidemiology studies, we conducted
a meta-analysis to summarise the results of observational studies on the association between ﬁsh consumption and depression risk.

MATERIALS AND METHODS
We consulted Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA)
guidelines for reporting of meta-analyses in this
analysis.20

Search strategy
We performed a literature search up to March
2015 in the databases of PubMed, EMBASE and
Web of Science, with the following search terms,
‘depression’ or ‘depressive disorder’ or ‘depressive
symptoms’ and ‘ﬁsh’. All searches were limited to
studies conducted in humans and published in
English. Furthermore, the reference lists of
retrieved articles were reviewed for undetected
relevant studies.

Inclusion criteria
The studies were included if they met the following
criteria: (1) they followed an observational study
design, including cross-sectional, case–control and
cohort studies; (2) the participants of interest were
from the general population (ie, excluding the
studies in disease-speciﬁc populations, such as in
patients with cardiovascular disease and cancer);
(3) the exposure of interest was ﬁsh consumption;
(4) the outcome was depression, excluding postpartum depression and depression in pregnancy.
Depression was deﬁned as reporting a doctor’s
diagnosis of depression, beginning regular use of
antidepressant medication or identiﬁed by interview or depression rating scales; and (5) the multivariate adjusted OR or relative risk (RR) with 95%
CI of depression for the highest versus lowest consumption of ﬁsh was provided (we presented all
results with RR for simplicity). If data were duplicated in more than one study, the most recent and
complete article was included.
All studies were carefully reviewed independently
by two investigators to identify and determine
whether an individual study was eligible for inclusion criteria in this meta-analysis. If the two
reviewers could not reach a consensus about the eligibility of an article, it was resolved by dialogue
with a third investigator.
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Data extraction
The data were extracted from each study by two independent
investigators. Discrepancies in data extraction were discussed
and resolved by consensus. The following information was
extracted : (1) the ﬁrst author’s last name; (2) publication year;
(3) country where the study was performed; (4) study design;
(5) age range of participants; (6) sex; (7) sample size; (8) the
number of depression cases; (9) ﬁsh consumption assessment;
(10) depression diagnosis method; (11) variables adjusted for in
the analysis; (12) the comparison of ﬁsh consumption; and (13)
the most adjusted RR with 95% CI of depression for the
highest versus lowest consumption of ﬁsh. The study quality
was assessed using the Newcastle-Ottawa quality assessment
scale
(http://www.ohri.ca/programs/clinical_epidemiology/
oxford.asp).

study design (cohort study and cross-sectional study), sample
size, the number of depression cases, Newcastle-Ottawa score,
dietary intake assessment and depression diagnosis method.
Subgroup analysis by the continent and study design was conducted. If the heterogeneity could not be explained by the
meta-regression and subgroup analysis, a leave-one-out sensitivity analysis would be carried out to evaluate the key studies that
have substantial impact on between-study heterogeneity.24 The
inﬂuence analysis was performed with one study removed at a
time to assess whether the results could have been affected
markedly by a single study. Publication bias was evaluated with
visual inspection of the funnel plot and Egger’s test because the
adjusted RR was used in our meta-analysis.25 All statistical analyses were performed with Stata V.12.0 (Stata Corp, College
Station, Texas, USA). All reported probabilities ( p values) were
two-sided with p<0.05 considered statistically signiﬁcant.

Statistical analysis
We weighted the study-speciﬁc log RRs by the inverse of their
variance, to calculate pooled RRs with corresponding 95% CIs
of the association between ﬁsh consumption and risk of depression. Furthermore, we also evaluated the association separately
in men and women. Heterogeneity among studies was assessed
using the Q test and I2 statistic. I2 values of 0%, 25%, 50% and
75% represent no, low, moderate and high heterogeneity,
respectively.21 The DerSimonian and Laird random effects
model (REM) was selected as the pooling method.22
Meta-regression with restricted maximum likelihood estimation
was used to explore potential sources of heterogeneity,23 including covariates: publication year, continent (Europe, Asia, North
America, South America and Oceania), sex (men and women),

RESULTS
Search results and study characteristics
The search strategy identiﬁed 744 articles from PubMed, 1561
articles from Web of Science and 1859 articles from EMBASE.
Five additional articles were found in reference lists. After
reviewing the title or abstract, 101 articles were retrieved.
Eighty-ﬁve articles were subsequently excluded for various
reasons after reviewing the full text. As a result, 16 articles
including 26 studies met the inclusion criteria and were
included in the meta-analysis.11–19 26–32 The ﬂow diagram of
the literature search is shown in ﬁgure1.
The characteristics of the studies included in this
meta-analysis are present in online supplementary ﬁle 1. The 26

Figure 1 Flow diagram of the literature search.
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studies were published between years 2001 and 2014, and
involved a total of 150 278 participants. Of these studies, 10
were cohort studies12 13 16–19 26 28 and 16 were cross-sectional
studies.11 14 15 27 29–32 With regard to the study continent, 10
studies were conducted in Europe,11–15 29 31 32 7 in North
America,16 17 27 28 4 in Asia,18 27 30 3 in Oceania19 26 and 2 in
South America.27 Nine studies evaluated the association between
ﬁsh consumption and depression in men,12 15 16 26 28–30 32 and
10 studies did so in women.11 12 15–17 19 26 28 30 32 One study30
was conducted among adolescents and the rest were conducted
among adults. The major adjustment confounding factors
included age, gender, marital status, education, smoking, alcohol
use and body mass index. Quality assessment showed that the
Newcastle-Ottawa score of 14 articles was not less than 7, indicating that the methodological quality was generally good (see
online supplementary ﬁle 2).

ﬁsh was 0.83 (95% CI 0.74 to 0.93, I2=64.5%, PQ<0.001,
ﬁgure 2). After excluding the single study30 conducted among
adolescents, the ﬁndings remained signiﬁcant (RR=0.83, 95%
CI 0.73 to 0.94) for the studies conducted among adults.
Subgroup analysis by continent and study design was performed. The ﬁndings showed a signiﬁcant inverse association
both in cohort studies (RR=0.84, 95% CI 0.75 to 0.94) and
cross-sectional studies (RR=0.82, 95% CI 0.68 to 1.00).
Moreover, higher ﬁsh intake was associated with reduced risk of
depression for studies conducted in Europe (RR=0.72, 95% CI
0.63 to 0.82), but not in those conducted in the other continents. The detailed results are presented in table 1.
When men and women were analysed separately, the pooled
RR of depression was 0.80 (95% CI 0.65 to 0.99, I2=50%,
PQ=0.042, ﬁgure 3) in men and 0.84 (95% CI 0.77 to 0.92,
I2=5.7%, PQ=0.389, ﬁgure 4) in women.

Quantitative synthesis

Meta-regression and sensitive analysis

Among the 26 studies, 12 studies showed a signiﬁcant association between ﬁsh consumption and depression; while the other
14 studies indicated no relation between them. The pooled RR
of depression for the highest versus lowest consumption of

As shown in ﬁgure 1, moderate heterogeneity (I2=64.5%,
PQ<0.001) was observed in the analysis. Univariate
meta-regression analysis was conducted with the covariates of
publication year, continent, sex, study design, sample size, the

Figure 2 Forest plot of the relative risks (RRs) with corresponding 95% CIs of studies on ﬁsh consumption and depression. The size of the grey
box is positively proportional to the weight assigned to each study, and horizontal lines represent the 95% s. FS, Fishermen Study; NHS, Nationwide
Health 2000 Survey.
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Table 1

Pooled RRs and 95% CI of depression for the highest versus lowest consumption of fish
Heterogeneity

All studies
Studies in adults
Sex
Men
Women
Study design
Cohort
Cross-sectional
Continent
Europe
North America
South America
Asia
Oceania

Number of studies

RR (95% CI)

I2 (%)

PQ Value

Articles included

26
25

0.83 (0.74 to 0.93)
0.83 (0.73 to 0.94)

64.5
65.3

<0.001
<0.001

11–19, 26–32
11–19,26–29,31,32

9
10

0.80 (0.65 to 0.99)
0.84 (0.77 to 0.92)

50.0
5.7

0.042
0.389

10
16

0.84 (0.75 to 0.94)
0.82 (0.68 to 1.00)

23.6
74.0

0.226
<0.001

12, 13, 16–19, 26, 28
11, 14, 15, 27, 29–32

10
7
2
4
3

0.72
0.95
0.53
1.15
0.87

46.2
42.2
16.6
85.6
26.4

0.053
0.109
0.273
<0.001
0.257

11–15, 29, 31, 32
16, 17, 27, 28
27
18, 27, 30
19, 26

(0.63 to
(0.75 to
(0.21 to
(0.74 to
(0.71 to

0.82)
1.20)
1.34)
1.79)
1.08)

12, 15, 16, 26, 28–30, 32
11, 12, 15–17, 19, 26, 28, 30, 32

RR, relative risk.

number of depression cases, the Newcastle-Ottawa score,
dietary intake assessment and depression diagnosis method.
However, the ﬁndings showed no covariates having a signiﬁcant
impact on between-study heterogeneity ( p>0.05). Next we conducted the leave-one-out sensitivity analysis. Three studies14 27
were found to contribute to between-study heterogeneity. After
further excluding these studies, the heterogeneity (I2=33%,
PQ=0.06) was decreased and the result remained signiﬁcant
(RR=0.81, 95% CI 0.74 to 0.87).

Inﬂuence analysis and publication bias
Inﬂuence analysis showed that no individual study had excessive
inﬂuence on the pooled RR. The funnel plot and Egger’s test

showed no evidence of signiﬁcant publication bias (p=0.419;
ﬁgure 5).

DISCUSSION
This meta-analysis provides a comprehensive evaluation of the
association between ﬁsh intake and the risk of depression. The
study included 150 278 participants and the ﬁndings showed a
signiﬁcant inverse association between ﬁsh consumption and
depression overall. Furthermore, the association remained signiﬁcant when men and women were analysed separately. We
also conducted subgroup analysis by study design. A signiﬁcant
association was observed in cohort studies as well as in
cross-sectional studies. High-ﬁsh consumption was signiﬁcantly

Figure 3 Forest plot of the relative risks (RRs) with corresponding 95% CIs of studies on ﬁsh consumption and depression mellitus in men. The
size of the grey box is positively proportional to the weight assigned to each study, and horizontal lines represent the 95% s. NHS, Nationwide
Health 2000 Survey.
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Figure 4 Forest plot of the relative
risks (RRs) with corresponding 95% CIs
of studies on ﬁsh consumption and
depression mellitus in women. The size
of the grey box is positively
proportional to the weight assigned to
each study, and horizontal lines
represent the 95% s. FS, Fishermen
Study; NHS, Nationwide Health 2000
Survey.

associated with reduced risk of depression only among studies
conducted in Europe, and not in those conducted in North
America, South America, Asia and Oceania.
The exact biological mechanisms whereby high-ﬁsh intake
reduce risk of depression are not well established. It has been
proposed that n-3 PUFAs are the beneﬁcial component of ﬁsh
for the inverse association by changing membrane microstructure and modifying serotonergic and dopaminergic neurotransmission.33–35 In addition, high-quality protein, vitamins and
minerals may have a protective effect on depression.36 37
Finally, high-ﬁsh consumption may also be related to a healthier
diet and better nutritional status, which could contribute to the
lower risk of depression. The speciﬁc mechanisms require large
experimental studies to conﬁrm.
Between-study heterogeneity is common in meta-analysis
because of diversity in population stratiﬁcation, characteristics
of the sample, different methodology issues, variation of covariates, etc. In this meta-analysis, moderate heterogeneity was
found. However, the between-study heterogeneity was not successfully explained by subgroup analysis and meta-regression.

Figure 5 Funnel plot of the relative risks of 26 studies on ﬁsh
consumption and depression. Each dot represents a different study.
Li F, et al. J Epidemiol Community Health 2015;0:1–6. doi:10.1136/jech-2015-206278

Presumably, differences in ﬁsh type, ﬁsh preservation and
cooking styles, may be an important determinant in the heterogeneity. Furthermore, many different measurement units of ﬁsh
intake were reported, such as grams, servings, times per day, etc,
which may have contributed to the heterogeneity. We also conducted a leave-one-out sensitivity analysis to reduce the heterogeneity. After excluding three studies, the heterogeneity
decreased and the results remained signiﬁcant.
To the best of our knowledge, this is the ﬁrst meta-analysis to
explore the association between ﬁsh consumption and risk of
depression. There are some advantages in our study. First, a signiﬁcant inverse association was evaluated from cohort studies in
subgroup analysis, indicating a potential causal relationship
between ﬁsh consumption and depression. Second, the large
number of participants, reducing sampling error to a great
extent, allowed a much greater possibility of reaching reasonable
conclusions. Third, we extracted RRs that reﬂected the greatest
degree of control for potential confounders, increasing the credibility of the results. Fourth, we found no evidence of publication bias in this meta-analysis.
However, several limitations should be acknowledged in our
meta-analysis. First, although we extracted the most adjusted RRs
from the original studies, the extent to which they were adjusted
and residual confounding by other unmeasured factors should
also be of concern. Second, ﬁsh consumption was measured
using different dietary assessment methods and not all the
methods were validated, including food frequency questionnaire,
diet history questionnaire, diet history interview and dietary
records, which led to incomparability of results to some extent.
Third, depression diagnosis was largely inconsistent. Most
studies relied on rating scales, such as the Center for
Epidemiological Studies Depression (CES-D) Scale, the Beck
Depression Inventory (BDI), the Hopkins Symptom Checklist
(HSCL) depression subscale and the Geriatric Depression Scale
(GDS); Some diagnoses were based on diagnostic interview schedules, including Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition (DSM-IV), the Munich version of the
Composite International Diagnostic Interview (M-CIDI) and
International Classiﬁcation of Diseases, Tenth Revision,
(ICD-10); and others were (self-reported) physician diagnosis or
5
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based on regular antidepressant medication use. Fourth, two articles26 31 included seafood in the ﬁsh category and we did not differentiate ﬁsh type because of the limited available studies.
In conclusion, higher ﬁsh consumption may be beneﬁcial in
the primary prevention of depression. Future studies are needed
to further investigate whether this association varies according
to the type of ﬁsh.

What is already known on this subject

12

13

14

15
16

▸ A meta-analysis published recently indicated that a healthy
dietary pattern, characterised by high intake of fruits,
vegetables, ﬁsh and whole grains, was signiﬁcantly
associated with a reduced risk of depression
▸ Many studies have been conducted to assess the association
of ﬁsh consumption with depression risk and the results
remain controversial.
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What this study adds
▸ This is the ﬁrst meta-analysis to evaluate the association
between ﬁsh consumption and depression risk.
▸ This meta-analysis shows that higher ﬁsh consumption is
signiﬁcantly associated with reduced risk of depression.

21
22
23
24

25

Contributors FL and DZ conceived the study, participated in its design and
coordination and were involved in drafting the manuscript. FL and XL carried out the
literature search, data extraction and interpretation of the data. FL, XL and DZ
reviewed and revised the manuscript critically for important intellectual content and
approved the ﬁnal manuscript as submitted.
Funding This research received no speciﬁc grant from any funding agency in the
public, commercial or not-for-proﬁt sectors.
Competing interests None declared.
Provenance and peer review Not commissioned; externally peer reviewed.

26

27

28

29

REFERENCES
1
2
3
4
5
6
7
8

9

10
11

6

WHO. http://www.who.int/mediacentre/factsheets/fs369/en/. 2012.
Murray CJ, Lopez AD. Alternative projections of mortality and disability by cause
1990–2020: Global Burden of Disease Study. Lancet 1997;349:1498–504.
Bernal M, Haro JM, Bernert S, et al. Risk factors for suicidality in Europe: results
from the ESEMED study. J Affect Disord 2007;101:27–34.
Logan AC. Neurobehavioral aspects of omega-3 fatty acids: possible mechanisms
and therapeutic value in major depression. Altern Med Rev 2003;8:410–25.
Hibbeln JR. Fish consumption and major depression. Lancet 1998;351:1213.
Sanhueza C, Ryan L, Foxcroft DR. Diet and the risk of unipolar depression in adults:
systematic review of cohort studies. J Hum Nutr Diet 2013;26:56–70.
Murakami K, Sasaki S. Dietary intake and depressive symptoms: a systematic review
of observational studies. Mol Nutr Food Res 2010;54:471–88.
Lai JS, Hiles S, Bisquera A, et al. A systematic review and meta-analysis of dietary
patterns and depression in community-dwelling adults. Am J Clin Nutr
2014;99:181–97.
Grosso G, Galvano F, Marventano S, et al. Omega-3 fatty acids and depression:
scientiﬁc evidence and biological mechanisms. Oxid Med Cell Longev
2014;2014:313570.
Chalon S. Omega-3 fatty acids and monoamine neurotransmission. Prostaglandins
Leukot Essent Fatty Acids 2006;75:259–69.
Tanskanen A, Hibbeln JR, Tuomilehto J, et al. Fish consumption and depressive
symptoms in the general population in Finland. Psychiatr Serv 2001;52:529–31.

30

31

32
33

34

35

36
37

Astorg P, Couthouis A, Bertrais S, et al. Association of ﬁsh and long-chain n-3
polyunsaturated fatty acid intakes with the occurrence of depressive episodes in
middle-aged French men and women. Prostaglandins Leukot Essent Fatty Acids
2008;78:171–82.
Sanchez-Villegas A, Delgado-Rodriguez M, Alonso A, et al. Association of the
Mediterranean dietary pattern with the incidence of depression: the Seguimiento
Universidad de Navarra/University of Navarra follow-up (SUN) cohort. Arch Gen
Psychiatry 2009;66:1090–8.
Chrysohoou C, Tsitsinakis G, Siassos G, et al. Fish consumption moderates
depressive symptomatology in elderly men and women from the IKARIA study.
Cardiol Res Pract 2011;2011:219578.
Hakkarainen R, Partonen T, Haukka J, et al. Is low dietary intake of omega-3 fatty
acids associated with depression? Am J Psychiatry 2004;161:567–9.
Colangelo LA, He K, Whooley MA, et al. Higher dietary intake of long-chain
omega-3 polyunsaturated fatty acids is inversely associated with depressive
symptoms in women. Nutrition 2009;25:1011–19.
Lucas M, Mirzaei F, O’Reilly EJ, et al. Dietary intake of n-3 and n-6 fatty acids and
the risk of clinical depression in women: a 10-y prospective follow-up study. Am J
Clin Nutr 2011;93:1337–43.
Tsai AC, Chang TL, Chi SH. Frequent consumption of vegetables predicts lower risk
of depression in older Taiwanese—results of a prospective population-based study.
Public Health Nutr 2012;15:1087–92.
Mihrshahi S, Dobson AJ, Mishra GD. Fruit and vegetable consumption and
prevalence and incidence of depressive symptoms in mid-age women: results from
the Australian longitudinal study on women’s health. Eur J Clin Nutr
2015;69:585–91.
Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. Int J Surg 2010;8:336–41.
Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med
2002;21:1539–58.
Higgins JP, Thompson SG, Deeks JJ, et al. Measuring inconsistency in
meta-analyses. BMJ 2003;327:557–60.
Higgins JP, Thompson SG. Controlling the risk of spurious ﬁndings from
meta-regression. Stat Med 2004;23:1663–82.
Patsopoulos NA, Evangelou E, Ioannidis JP. Sensitivity of between-study
heterogeneity in meta-analysis: proposed metrics and empirical evaluation. Int J
Epidemiol 2008;37:1148–57.
Egger M, Davey Smith G, Schneider M, et al. Bias in meta-analysis detected by a
simple, graphical test. BMJ 1997;315:629–34.
Smith KJ, Sanderson K, McNaughton SA, et al. Longitudinal associations between
ﬁsh consumption and depression in young adults. Am J Epidemiol
2014;179:1228–35.
Albanese E, Lombardo FL, Dangour AD, et al. No association between ﬁsh intake
and depression in over 15,000 older adults from seven low and middle income
countries—the 10/66 study. PLoS ONE 2012;7:e38879.
Li Y, Dai Q, Ekperi LI, et al. Fish consumption and severely depressed mood,
ﬁndings from the ﬁrst national nutrition follow-up study. Psychiatry Res
2011;190:103–9.
Suominen-Taipale AL, Partonen T, Turunen AW, et al. Fish consumption and
omega-3 polyunsaturated fatty acids in relation to depressive episodes: a
cross-sectional analysis. PLoS ONE 2010;5:e10530.
Murakami K, Miyake Y, Sasaki S, et al. Fish and n-3 polyunsaturated fatty acid
intake and depressive symptoms: Ryukyus Child Health Study. Pediatrics 2010;126:
e623–30.
Barberger-Gateau P, Jutand MA, Letenneur L, et al. Correlates of regular ﬁsh
consumption in French elderly community dwellers: data from the Three-City study.
Eur J Clin Nutr 2005;59:817–25.
Timonen M, Horrobin D, Jokelainen J, et al. Fish consumption and depression: the
Northern Finland 1966 birth cohort study. J Affect Disord 2004;82:447–52.
Delion S, Chalon S, Herault J, et al. Chronic dietary alpha-linolenic acid deﬁciency
alters dopaminergic and serotoninergic neurotransmission in rats. J Nutr
1994;124:2466–76.
Zimmer L, Delpal S, Guilloteau D, et al. Chronic n-3 polyunsaturated fatty acid
deﬁciency alters dopamine vesicle density in the rat frontal cortex. Neurosci Lett
2000;284:25–8.
Su KP. Biological mechanism of antidepressant effect of omega-3 fatty acids:
how does ﬁsh oil act as a ‘mind-body interface’? Neurosignals 2009;
17:144–52.
Kim JM, Stewart R, Kim SW, et al. Predictive value of folate, vitamin B12 and
homocysteine levels in late-life depression. Br J Psychiatry 2008;192:268–74.
Skarupski KA, Tangney C, Li H, et al. Longitudinal association of vitamin B-6,
folate, and vitamin B-12 with depressive symptoms among older adults over time.
Am J Clin Nutr 2010;92:330–5.

Li F, et al. J Epidemiol Community Health 2015;0:1–6. doi:10.1136/jech-2015-206278

