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Adherence to the Mediterranean diet and risk of depression: a
systematic review and updated meta-analysis of observational
studies

Fateme Shafiei, Asma Salari-Moghaddam*, Bagher Larijani, and Ahmad Esmaillzadeh

Context: More than 300 million people worldwide have been diagnosed with
depression, which is a leading cause of disability and disease burden.
Elucidating dietary patterns that may reduce the risk of depression could help
reduce the incidence of other diseases. Data Sources: PubMed/MEDLINE, IS/
Web of Science, Scopus, Embase, and Google Scholar databases were searched to
identify relevant publications up to May 2018. Study Selection: All observational
studies that considered the Mediterranean diet as the exposure variable and de-
pression as the main outcome or as one of the outcome variables were included in
this systematic review and meta-analysis. Two authors independently screened
3229 publications. A total of 14 observational studies were included in the meta-
analysis. Data Extraction: Two authors independently extracted the data and
assessed the risk of bias. Results: The studies in the meta-analysis included a total
of 56 043 participants. When 5 effect sizes from 4 cohort studies were combined,
no significant association was observed between adherence to the Mediterranean
diet and risk of depression (overall hazard ratio = 0.95; 95%Cl, 0.79-1.16). When 3
effect sizes from 3 cohort studies that reported 3 coefficients were combined, again
no significant association was found (B = —0.00; 95%Cl, —0.12, 0.12). However,
when 9 effect sizes from 9 cross-sectional studies were combined, an inverse signifi-
cant association was found between adherence to the Mediterranean diet and risk
of depression (overall odds ratio = 0.72; 95%Cl, 0.60-0.87). Conclusions: The
analysis of cohort studies revealed no significant association between adherence to
the Mediterranean diet and risk of depression. However, an inverse significant asso-
ciation was found between adherence to the Mediterranean diet and odds of de-
pression in cross-sectional studies.
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INTRODUCTION

Depression is highly prevalent in people of all age
groups worldwide and is particularly prevalent in
women. More than 300 million individuals across the
globe have been diagnosed with depression."* National
reports indicate that 21% of Iranian adults experience
depressive symptoms.” The World Health Organization
has reported that depression is the primary reason for
disability and one of the leading causes of disease
burden.” Therefore, investigation of the potential risk
factors of depression, as well as preventive strategies, is
especially important.

The etiology of depression involves genetic, biolog-
ical, and environmental factors.** Several epidemiologi-
cal studies have examined the relationship between
nutritional factors and depression.® Previous studies
have investigated the association of depression with sin-
gle nutrients like B vitamins and omega-3 fatty acids,’
foods such as fish,” food groups like fruits and vegeta-
bles, and dietary patterns such as DASH (Dietary
Approaches to Stop Hypertension) and the
Mediterranean diet.”'* Diet is a multidimensional ex-
posure that includes combinations and interactions be-
tween dietary components“; therefore, it seems that
studying dietary patterns is a more comprehensive and
useful approach for finding diet-disease relationships.

The Mediterranean diet is a healthy diet in which
consumption of vegetables and fruits, nuts and seeds,
whole grains, dairy products, olive oil, fish, and fresh
seafood is encouraged, while consumption of red and
processed meats is restricted.'” This dietary pattern has
been extensively examined relative to several health
conditions. Some investigators have also reported an as-
sociation between this eating pattern and depression,
but such findings are contradictory. In a French cohort,
an inverse relationship was seen between adherence to
the Mediterranean diet in midlife and risk of incident
depressive symptoms.'> A cross-sectional study showed
an inverse association between the Mediterranean diet
and depression in patients with bronchiectasis.'* The
results of some studies failed to reach significance. In a
longitudinal study, there was no advantage for depres-
sion when participants with a low degree of adherence
to the Mediterranean diet were compared with those
with a high degree of adherence.'” The same findings
were also reported by other investigators.'®

A meta-analysis published in 2013 reported that
moderate and high adherence to the Mediterranean diet
was associated with a reduced risk of depression.'’ The
authors included only 1 cohort study, and most of the
included studies were of cross-sectional design. Since
then, however, 6 other cohort studies have been pub-
lished. Therefore, it seems appropriate to conduct an
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updated meta-analysis to summarize earlier evidence
on the link between adherence to the Mediterranean
diet and the risk of depression.

METHODS
Search strategy

The following databases were searched systematically
up to May 2018 to find previously published studies on
the topic of the Mediterranean diet and depression:
PubMed/MEDLINE, ISI Web of Science, Scopus,
Embase, and Google Scholar. The keywords
(“Mediterranean diet” OR “Mediterranean” OR “MD
score” OR “dietary pattern” OR “Mediterranean diet
score” OR “dietary score” OR “dietary adherence”)
AND (“depression” OR “depressive symptom” OR
“major depressive disorder” OR “major depression” OR
“mood disorder”) were used. No time or language limi-
tation was applied. The reference lists of included stud-
ies were also checked to avoid missing any relevant
publications.

Inclusion criteria

Two authors (F.S. and A.S.M.) screened the output of
the search independently to identify potentially eligible
studies. Titles and abstracts of articles were reviewed to
decide which articles were relevant. Full texts of articles
were reviewed if the abstract indicated that the articles
reported an association between the Mediterranean diet
and depression. Studies were eligible for inclusion in
the current review if they met the following criteria:
(1) they were observational studies that considered the
Mediterranean diet as the exposure variable and depres-
sion as the main outcome variable or as one of the out-
come variables; (2) participants included were 18 years
and older; (3) odds ratios, hazard ratios, or f§ estimates
were reported as effect sizes (Table 1).

Exclusion criteria
Letters, commentaries, reviews, clinical trials, and ani-

mal studies were excluded from the current review.
Unpublished studies or gray literature were also

Table 1 PICOS criteria for inclusion of studies

Population Adults

Intervention Mediterranean diet

Comparator Highest vs lowest category of adherence
to the Mediterranean diet

Outcome Depression

Setting Cohort and cross-sectional studies
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g Records identified through database searching
E (n=3229)
5
]
3
: I
=
Duplicate records
o (n=1200)
g
: l
3
5
wn Records screened
(n=2029) Records did not meet inclusion criteria (n=2000)
1 Articles excluded (n=10):
g Full-text articles assessed for eligibility Did not report the required effect sizes (n=1)
;-':2: (n=29) Considered mental health totally, rather than depression, as the outcome (n=1)
)
5 Included depressed subjects only (n=1)
1 Examined components of Mediterranean diet rather than the whole diet as the exposure (n=1)
Studies included in qualitative synthesis ;:zels)ugaled the association between statistically derived dietary pattern and psychological factors
(systematic review) . .
Studied the same population (n=5)
- (n=19)
3 Articles excluded (n=5):
% 1 Reported mean+SD of depression score across categories of adherence to Mediterranean diet (n=2)
S . . . . .
= Studies included in quantitative synthesis Reported risk of depression per one unit of Mediterranean diet score (n=3)
(meta-analysis)
(n=14)

Figure 1 Flow diagram of the literature search process.

excluded from the analysis. In total, 3229 articles were
found in the initial search. After elimination of dupli-
cates, 2029 articles remained. After title and abstract
screening, another 2000 studies were excluded, leaving
29 potentially relevant articles for further assessment.
Ten of these were excluded for the following reasons: 1
did not report the required effect sizes,'” 1 had consid-
ered mental health totally, rather than depression, as
the outcome,'® 1 had included depressed individuals
only,” 1 had examined components of the
Mediterranean diet rather than the whole diet as the ex-
posure,20 and 1 had investigated the association be-
tween a statistically derived dietary pattern and
psychological factors.”’ Two studies had considered the
same population®””’; of these, the 1 that reported
more comperehensive data was included.® Five other
studies had also investigated the same population'®**’;
of these, the most comperehensive study was in-
cluded.'® After these exclusions, 19 studies remained
for the current systematic review."> ' **»***! Two stud-
ies that had reported the mean * the standard deviation
of the depression score across categories of adherence
to the Mediterranean diet’””" and 3 studies that had
reported risk of depression per 1 unit of the
Mediterranean diet score'****” were not included in
the meta-analysis. Therefore, 14 studies (of the 19 stud-
ies included in the systematic review) were included in
the meta-analysis (Figure 1). Two studies had reported
data for cross-sectional and longitudinal phases'®”’;
therefore, these were included in the separate meta-
analyses of cross-sectional studies and of cohort studies.
Data for 7 studies®®>*?>33>3%* were derived from the
previous meta-analysis,'” because data were not
reported in the original papers and the authors of the
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previous meta-analysis had contacted investigators to
obtain the data.

Data extraction

Two authors independently extracted the following
data: first author’s last name; publication date; country;
mean age or age range of participants; sex of partici-
pants; sample size or duration of follow-up and number
of cases/cohort size; exposure; outcomes assessed; meth-
ods used for assessing exposure and outcome; compari-
son; reported f  estimates, means * standard
deviations, and odds ratios or hazard ratios, along with
the corresponding 95%Cls (Table 2'>!>10372840:41 34
Table 314162328-37.39y

Quality assessment

The quality of studies included in this systematic review
and meta-analysis was assessed by the Newcastle-
Ottawa Scale.*” With this method, a maximum of 9
scores can be awarded to each cohort study: 4 for selec-
tion, 2 for comparability, and 3 for outcome. A maxi-
mum of 10 scores can be awarded to each cross-
sectional study: 5 for selection, 2 for comparability, and
3 for outcome. In the current analysis, studies with
above-median quality scores were considered high-
quality studies; otherwise, studies were deemed to be of
low quality.

Statistical analysis

Cohort and cross-sectional studies were analyzed sepa-
rately. Different effect sizes (odds ratios or f§ coefficients)
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were also considered separately. The effect sizes used
were odds ratios, hazard ratios, and f coefficient esti-
mates and their 95%CIs or standard errors for risk of
depression in the highest vs the lowest category of ad-
herence to the Mediterranean diet. Odds ratios and haz-
ard ratios were used to calculate log odds ratios and
hazard ratios and their standard errors. § Coefficients
and their confidence intervals or standard errors were
used to calculate standard deviations. The overall ef-
fect sizes were calculated using the random-effects
model, which incorporates between-study variability.
Statistical heterogeneity between studies was exam-
ined using Cochrane’s Q test and I°. Publication bias
was assessed by visual inspection of funnel plots.
Formal statistical assessment of funnel plot asymme-
try was performed with Egger regression asymmetry
tests. Sensitivity analysis was used to explore the ex-
tent to which inferences might depend on a particular
study or group of studies. Statistical analyses were
conducted using Stata MP software, version 14. P val-
ues less than 0.05 were considered statistically
significant.

RESULTS

Systematic review of cohort studies

Seven cohort studies, published between 2013 and 2017,
were included in this systematic review'>'>!®?7384041
(Table2). These studies had included 50 588 healthy
people aged greater than 45years with 2550 incident
cases of depression during the follow-up period of 3 to
12.6years. Three studies were reported from
Australia,’>*”*! 2 from the United States,*®*° and 1
each from France and Spain.'® To assess exposure, 4
studies had used a 9-component Mediterranean dietary
pattern,'>'>'®*" and 3 others had examined an 11-com-
ponent Mediterranean dietary pattern.’”***" For out-
come assessment, 5 studies had used the Center for
Epidemiologic Studies Depression Scale,'>'>** 1 had
used the Kessler Psychological Distress Scale,*’ and 1
had used physician diagnosis and/or the use of antide-
pressant drugs.'® All studies were of high quality.

Systematic review of cross-sectional studies

Fourteen cross-sectional studies were included in this
systematic review'*'®?>27373% (Table 3). These studies
were published between 2008 and 2018 and included
35 873 men and women aged more than 44.5 years. Five
studies were reported from Greece,”***?>**%¢ 2 from
Australia,’®” 2 from Spain,'*'® and 1 each from
France,”! Italy,”” the United States,” the United
Kingdom,33 and the Mediterranean islands.”®> To assess

Nutrition Reviews® Vol. 77(4):230-239

exposure, 7 studies had wused a 9-component
Mediterranean dietary pattern,'®*%*"333>363% ¢ had ex-
amined an 11-component Mediterranean dietary pat-
tern,”>?**323%37 and 1 had used a 14-item
Mediterranean diet questionnaire (to obtain the
PREDIMED score)."* To assess outcomes, 4 studies had
used the Center for Epidemiologic Studies Depression
Scale,**?13>%7 4 had used the Geriatric Depression
Scale,”>*****® 2 had used the Hospital Anxiety and
Depression Scale,'*”” 2 had used the Zung Self-Rating
Depression scale,*** and 1 each had used physician di-
agnosis and/or use of antidepressant drugs'® and inter-
views.”® All studies were of high quality.

Meta-analysis of cohort studies

One study that had reported hazard ratios separately for
men and women'® was considered as 2 distinct studies.
When 5 effect sizes obtained from 4 studies'>'®***!
were combined, no significant association was observed
between adherence to the Mediterranean diet and
risk of depression (overall hazard ratio = 0.95; 95%CI,
0.79-1.16) (Figure 213164041y ", significant between-
study  heterogeneity ~was found (> =45.2%,
Pheterogeneity = 0.12), nor was any evidence of publica-
tion bias found (Egger test = 0.81).

When 3 effect sizes from 3 studies that reported f
coefficients were combined,'>**%° no significant associ-
ation was observed between the Mediterranean diet
score and the depression score (f=-—0.02; 95%CI,
—0.118-0.113), and no significant between-study het-
erogeneity was found (I> = 0.0%, P = 0.99).

Meta-analysis of cross-sectional studies

Nine cross-sectional studies examined the association
between adherence to the Mediterranean diet and de-
pression,'®?3282932:33.3536.39 When 9 effect sizes from 9
studies were combined, a significant inverse association
was found between adherence to the Mediterranean
diet and odds of depression (overall odds ratio = 0.72;
95%CI, 0.60-0.87) (Figure 3'®2%2%2%3233:35:36.39) " N
significant between-study heterogeneity was observed
(I* =45.1%, Pheterogencity = 0.068), and no evidence of
publication bias was found (Egger test = 0.39).

DISCUSSION

Findings from the present meta-analysis of 4 cohort
studies revealed no significant association between ad-
herence to the Mediterranean diet and risk of depres-
sion. However, meta-analysis of 9 cross-sectional
studies showed that greater adherence to the
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Reference

OR (95% CI) Weight

Adjibade et al (2018) [13]

Adjibade et al (2018) [13]

Veronese et al (2016) [40]

Sanchez-Villegas et al (2015) [16]

Hodge et al (2013) [41]

Overall (I-squared = 45.2%, p = 0.121)

NOTE: Weights are from random effects analysis

063 (0.32, 1.25) 6.87
1.05 (0.62, 1.75) 1073
1.22 (0.9, 1.56) 2755
0.84(0.69, 1.02) 3211
0.92(0.69, 1.24) 2275
0.95(0.79, 1.16) 100.00

313

Figure 2 Forest plot of cohort studies that examined the association between Mediterranean diet and risk of depression.

Reference

%

Masana et al (2018) [23] ——

'
Sanchez-Villegas et al (2015) [16] —

i
Luciano et al (2012) [33] L

i
Antonogeorgos et al (2012) [28] :

'
Vercambre et al (2012) [39] —_——

'
Milaneschi et al (2011) [35] —_—

Kastorini et al (2011) [32]

Chrysohoou et al (2010) [29]

Psaltopolou et al (2008) [36] —_—

Overall (I-squared = 45.1%, p = 0.068) @

NOTE: Weights are from random effects analysis

OR (95% Cl) Weight
0.98 (0.68, 1.40) 14.88
0.70 (0.58, 0.85) 24.04
0.46 (0.17, 1.24) 3.32
1.37 (031, 6.04) 1.58
0.71(0.53,0.97) 17.68
0.66 (0.39, 1.11) 9.41
0.21(0.09, 0.48) 4.49
0.68 (0.15, 2.98) 1.56
0.84 (0.68, 1.03) 23.05
0.72 (0.60, 0.87) 100.00

T
.09

Figure 3 Forest plot of cross-sectional studies that examined the association between Mediterranean diet and odds of depression.

Mediterranean diet was associated with 28% lower odds
of depression.

Depression is the second leading cause of disability
in the world and represents a significant global health
and economic burden.”> Recent data have highlighted
diet as a modifiable risk factor that might influence the
risk of depression.'' Several studies with different
designs  investigated the relationship between
Mediterranean diet adherence and risk of depression.
In a previous meta-analysis, Molendijk et al**
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investigated the relationship between diet quality and
risk of depression in cohort studies. They considered
the Mediterranean diet as one of several high-quality
diets in their investigation. Adherence to the
Mediterranean diet was associated with a lower risk of
depressive symptoms over time. This was in contrast to
the findings of the present meta-analysis of cohort stud-
ies, as no significant association was found between ad-
herence to the Mediterranean diet and risk of
depression. This difference in findings might be
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explained by the number of studies included in the
analysis. Molendijk et al** included 5 cohort studies in
their meta-analysis.">'®****! All 5 of these studies,
along with 2 other cohort studies, were also included in
the current meta-analysis. Therefore, the current review
is more comprehensive, since the review by Molendijk
et al** does not cover all relevant published studies. In
another meta-analysis, Li et al*> conducted a meta-
analysis of dietary patterns (healthy patterns and
Western-style or unhealthy patterns) and risk of depres-
sion. They reported a protective link between adherence
to the healthy dietary pattern and risk of depression
and a positive association between the Western dietary
pattern and risk of depression. They did not consider
the Mediterranean dietary pattern as their exposure,
and they did not include publications on the
Mediterranean diet in their meta-analysis.

No significant association was found between ad-
herence to the Mediterranean diet and risk of depres-
sion in a meta-analysis of cohort studies. This is in line
with the findings of a multicenter randomized trial con-
ducted in community-dwelling people at high risk of
cardiovascular disease, as no significant association be-
tween the Mediterranean dietary pattern and depres-
sion was found.*® However, these findings differed
from the results of several studies that investigated the
same relationship. Rienks et al’” reported that adher-
ence to a Mediterranean-style dietary pattern may have
had a protective effect against the onset of depressive
symptoms in a mid-aged cohort in the Australian
Longitudinal Study on Women’s Health. In addition, a
cross-sectional study of 205 participants from Spain
found that greater adherence to the Mediterranean diet
was associated with lower odds of depression.'*
However, few cohort studies have investigated this rela-
tionship, and therefore additional studies are required
to reach a definitive conclusion.

A significant inverse association was observed be-
tween adherence to the Mediterranean diet and odds of
depression in the meta-analysis of cross-sectional studies.
This finding confirmed the results of a previous meta-
analysis.'"” The same finding was also reported from a
cross-sectional study on mid-aged Australian women.””
In addition, Garcia-Toro et al'® demonstrated that ad-
herence to the Mediterranean diet at the baseline of their
study had a significant inverse association with depres-
sive symptoms. Contrary to these findings, however, no
significant association between the Mediterranean diet
score and the presence of severe depressive symptoms
was found in a cross-sectional study conducted in elderly
people in Greece.”* Lack of controlling for several con-
founders may explain the different findings; however, it
seems that higher adherence to the Mediterranean diet
was associated with a lower chance of depression.

Nutrition Reviews® Vol. 77(4):230-239

Therefore, limited consumption of red and processed
meats may play a role in preventing depression.

The mechanism through which the Mediterranean
diet might affect the risk of depression may be mediated
by components of the diet, which include fruit and vegeta-
bles, fish, whole grains, nuts, and olive oil. Another medi-
ating factor may be the limited consumption of red and
processed meat. Fruit and vegetables contain high levels of
antioxidants like f-carotene, tocopherols, ascorbic acid,
polyphenols, and anthocyanin, which are associated with
reduced oxidative stress that may, in turn, reduce neural
damage.*”*® In addition, olive oil is rich in polyphenolic
compounds, which are antioxidants that have neuropro-
tective properties.*’ Fish and nuts are good dietary sources
of long-chain omega-3 polyunsaturated fatty acids, which
can alter cell membrane structure and function, influence
cell communications, reduce inflammatory processes, and
improve neurotransmitter activities.”” B vitamins, found
in whole grains, are involved in neurochemical pathways
that regulate the homocysteine cycle and synthesize
monoamines in the neural system.”" Deficiency of B vita-
mins like B, and folic acid is related to deterioration of
mental function.”” In addition, red and processed meats
are linked to inflammation, shown in previous studies to
be associated with depression.”>**

Although the large number of studies and participants
is a strength of this review, several limitations must also be
considered. First, data for some studies were derived from
the previous meta-analysis. Second, some patients may
have been misclassified because food frequency question-
naires were used for dietary assessment in most previous
studies, and subjective cutoff points of the Mediterranean
diet score were used to indicate good adherence to this
diet. Third, owing to the cross-sectional nature of most
studies, causal relationships cannot be inferred between
the Mediterranean diet adherence and depression. Finally,
confounding factors may provide another source of bias.

CONCLUSION

This systematic review and updated meta-analysis
revealed no significant association between adherence
to the Mediterranean diet and risk of depression when
cohort studies were analyzed. However, analysis of
cross-sectional studies showed an inverse significant as-
sociation between adherence to the Mediterranean diet
and odds of depression.
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