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Adherence to the vegetarian diet may increase the risk of
depression: a systematic review and meta-analysis of observa-
tional studies

Siavash Fazelian, Erfan Sadeghi (®, Somayyeh Firouzi, and Fahimeh Haghighatdoost

Context: Several epidemiological studies have investigated the association be-
tween a vegetarian diet and risk of depression, but because of inconsistency be-
tween studies, the exact association remains unclear. Objective: In this systematic
review and meta-analysis, the relationship between vegetarian diets and risk of de-
pression in observational studies was evaluated. Data sources: The Medline,
Embase, Scopus, ISI Web of Science, and Cochrane Library databases were searched
from inception through September 1, 2020. Study selection: Observational studies
were included that examined mean levels of depression and risk for depression in
vegetarians compared with nonvegetarians. Data extraction: Pooled effect sizes
were estimated using the random-effects model and were reported as standardized
mean differences or odds ratios (ORs) with their corresponding 95%Cls.
Heterogeneity was tested using the | statistic. Results: Combining 9 effect sizes in
this meta-analysis illustrated that adherence to a vegetarian diet was associated
with a 53% greater risk of depression compared with that of omnivores (95%Cl,
1.14-2.07; I = 69.1%). Subgroup analysis of depression risk suggested that results
depended on the type of vegetarian diet and country where the study was con-
ducted. For studies that assessed a semivegetarian diet (OR, 1.86; 95%Cl, 1.42-2.44;
I° = 35.7%) and those conducted in Europe and the United States (OR, 1.45;
95%Cl, 1.06-1.98; I° = 73.2%), there was a positive association between a vegetar-
ian diet and depression, but in lacto-ovo vegetarians and Asian countries, a null as-
sociation was found. Comparing mean depression scores showed no evidence of
difference between vegetarians and nonvegetarians (n = 16; standardized mean
difference, 0.10; 95%Cl, —0.01 to 0.21; ¥ = 79.1%). Conclusion: Vegetarian diet
significantly increased depression risk; however, the findings were not robust, and
more studies are required to investigate the vegetarian diet and depression
association.
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INTRODUCTION

Depression affects more than 264 million people from
all age groups worldwide' and imposes a remarkable
economic burden.” According to a World Health
Organization report, unipolar depressive disorders, ac-
counting for 4.3% of total disability-adjusted life-years
in 2004, were the third leading cause of depression bur-
den, and it is projected that they will move up to first
place by 2030.> The pathophysiology of depression is
complex and has not been fully elucidated; however, it
might be a result of an interaction among psychologi-
cal,” environmental,* and biochemical factors.” In this
context, dietary intake may influence mental health by
affecting various biochemical risk factors.®

Vegetarian diets are based mostly on plant-derived
foods,” but their definitions in different studies may
vary. Vegetarian diets can be classified into several sub-
types according to the eliminated foods. These subtypes
include (1) the vegan diet, which contains no animal-
source foods; (2) the lacto-ovo vegetarian diet, which
may contain eggs and dairy products but eliminates
meat; (3) the pesco-vegetarian diet, which contains fish
and limits the consumption of other meats to less than
once per month; and (4) the semivegetarian diet, which
refers to diet in which meats and fish are occasionally
consumed (ie, less than once a week).? Well-planned
vegetarian diets generally are of higher quality in com-
parison with nonvegetarian diets™'* and, due to their
high contents of magnesium and antioxidants, may in-
fluence mental health by affecting serum levels of in-
flammatory  biomarkers'' and  neurotransmitter
synthesis."> On the other hand, because of limited food
choices, vegetarian diets might not meet daily recom-
mended intakes for all nutrients (eg, iron and vitamin
By,)'>'* and, consequently, disrupt the function of the
central nervous system.ls’16

Although the health benefits of plant-based diets
have been well established,'"'”~** evidence of an associ-
ation of these diets and depression is controversial.
Whereas some studies indicated an inverse associa-
tion,?>** others reported a direct or a null association
between a vegetarian diet and depression.”> >’ Two re-
cent published meta-analyses in this context also sug-
gested a null association between a vegetarian diet and
either depression risk®® or depression mean scores.”
Nevertheless, the limitations of these meta-analyses may
cause misleading results. For example, plant-based diets
and vegetarian diets identified by posteriori methods
may not meet the exact definition of a vegetarian diet
and therefore cannot be combined with vegetarian
diets, in particular, when the primary aim of the study
is examining the effects of a vegetarian diet.
Furthermore, some eligible articles have not been

included in these studies,”>***! and the studies lacked

some relevant subgroup analyses, such as the type of
vegetarian diet, the mean age of participants, and the
continent on which the study was conducted. These fac-
tors are relevant, owing to inherent varieties in different
vegetarian diets, as well as the influence of diverse cul-
tural and socioeconomic factors on the composition of
vegetarian diets (either in food or nutrient patterns) of
people from different nations. Besides, motivations to
adhere to a vegetarian diet (eg, better health, ethical
concerns, socioeconomic factors)’” may vary by age
and potentially affect the associations.

Therefore, a comprehensive meta-analysis in this
regard is warranted. Hence, we conducted a systematic
review and meta-analysis to explore whether adherence
to a vegetarian diet is associated with the risk and mean
score of depression, and if so, what factors might be the
potential sources of heterogeneity between studies.

METHODS
Search strategy

This study was performed according to the Preferred
Reporting Items for Systematic Review and Meta-
Analysis (PRISMA) statement.”® Databases, including
PubMed/Medline, Embase, Scopus, ISI Web of Science,
and the Cochrane Library, were searched up to
September 1, 2020, to find relevant studies. Search strat-
egies for each database were defined using the following
keywords: (“Diet, Vegetarian” OR “vegetarian” OR
“vegetarians” OR “Diets, Vegetarian” OR “Vegetarian
Diets” OR “Vegetarian Diet” OR “Vegetarianism” OR
“vegans” OR “vegans” OR “vegan”) AND (“depression”
OR “depressive disorder” OR “Depressive Symptoms”
OR “Depressive Symptom” OR “Depressive Disorders”
OR “depressive” OR “Mood Disorders” OR “Mood
Disorder” OR “Affective Disorder” OR “Mental
Disorders” OR “Mental Disorder” OR “Psychiatric
Diagnosis” OR “Behaviour Disorders”). No time and
language restrictions were applied. The study protocol
was not registered anywhere.

Titles and abstracts of all retrieved articles were
screened by 2 independent reviewers (S.Fazelian and
F.H.), and relevant articles were identified according to
the inclusion and exclusion criteria. Studies were ex-
cluded if they (1) were not original research (eg, pub-
lished as a review, letter to the editor, commentary), (2)
reported results for mental health or eating disorders
but not depression, (3) were randomized controlled tri-
als, (4) assessed postpartum depression, or (5) were ani-
mal model studies. Studies were also excluded if they
examined the associations for plant-based diets or
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vegetarian diets identified by posteriori methods, be-
cause they could not necessarily meet the exact defini-
tion of a vegetarian diet.”* Studies were included when
they met all the PICOS criteria (Table 1). Accordingly,
studies were eligible to be included if they (1) were con-
ducted with humans, (2) compared the risk of depres-
sion in any type of vegetarian diet with omnivores, (3)
had an observational design (ie, cohort, case-control, or
cross-sectional), and (4) reported odds ratios (ORs), rel-
ative risks (RRs), or hazard ratios (HRs), along with
95%Cls, for depression or compared mean score of de-
pression between vegetarians and nonvegetarians.
Finally, the full texts of articles were assessed if needed.

Data extraction

Two independent reviewers (S.Fazelian and F.H.)
extracted the following information from the eligible
articles: first author, publication year and country, study
population, study design, sample size, sex and the aver-
age age of participants, duration of follow-up for cohort
studies, types of vegetarian diets, instruments used to
assess depression, and confounders adjusted for and ef-
fect sizes for association between vegetarian diet and
depression risk. If there were different multivariate-
adjusted models for the association between a vegetar-
ian diet and depression, the model with the most ad-
justment was extracted.

The main types of vegetarian diets in this meta-
analysis were considered as follows: vegan, lacto-ovo
vegetarian, semivegetarian, and pesco-vegetarian diets.
Vegan was defined as the elimination of any food from
animal sources; lacto-ovo vegetarian was defined as the
elimination of any food from animal sources, except for
milk and egg; pesco-vegetarian and semivegetarian diets
were defined as the elimination of meats and poultry,
but not seafood, and elimination of red meat,
respectively.®

Quality assessment

Two reviewers (S.Fazelian and F.H.) independently
assessed the studies for their quality using the
Newcastle Ottawa Scale (NOS).*> The NOS is a vali-
dated questionnaire for observational and nonrandom-
ized studies to evaluate the quality of studies based on
the following items: population selection, comparability,
and outcome. The NOS consists of 8 questions in 3
main domains: selection, comparability, and outcome.
Cohort studies may receive a score ranging from 0 to 9,
and cross-sectional studies are scored from 0 to 10 us-
ing this scale. In our meta-analysis, studies were classi-
fied as of high or low quality when their NOS score was
>7 and <7, respec‘[ively.36 All relevant studies were
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enrolled in statistical analysis regardless of the quality
score of the study.

Statistical analysis

Original articles that examined the risk of depression in
any type of vegetarian diet compared with omnivores
were included in this meta-analysis. To pool the associ-
ation between a vegetarian diet and depression, risk
estimates were extracted from each study and then cal-
culated using the average of the natural logarithm ORs.
For means, effect size was calculated via Hedges’ g using
the differences between means of depression (vegeta-
rians vs omnivores) divided by their corresponding
standard deviation.”” The random-effects model based
on the inverse-variance method was used to estimate
the pooled effect size.”>*® To evaluate the heterogeneity
between studies, the I” statistic was used. I’ > 50% was
considered as substantial heterogeneity,”” and the po-
tential sources of heterogeneity were explored using
subgroup analysis. Subgroup analysis was performed on
the basis of the type of vegetarian diet (semivegetarian,
vegan, and lacto-ovo vegetarian), geographic location
(Asia vs the United States and Europe), sex (male, fe-
male, and both sexes), age (< 50years vs > 50 years),
and study quality score (<7 vs > 7). Egger and Begg re-
gression tests and funnel plots were used to assess publi-
cation bias. Sensitivity analysis was done by removing
any specific study to examine its effect on the overall es-
timate. The statistical significance level was defined as
P <0.05, and all statistical analyses were performed us-
ing Stata, version 11 (StataCorp, College Station, TX).

RESULTS
Search results

Figure1 is the flow diagram for the databases search
and study selection. Using the described search strate-
gies, 921 studies were identified. After the removal of
duplicates, 838 articles remained and were screened on
the basis of their titles and abstracts, which resulted in
the exclusion of 803 articles. Seven studies in which the
association was investigated of plant-based diets or veg-
etarian diets identified by posteriori methods were ex-
cluded.*~¢ After reviewing the full text of articles, 16
studies were identified that could be included in the
present systematic review.”> *?**"4775% Of these, 3
studies did not have enough information for meta-
analysis and so only are summarized in the re-
view,””**** and 13 articles were included in the meta-
analysis. > 272971483 Among  these 13 studies, 6
reported the risk of depression in vegetarians compared
with  nonvegetarians,”»******! and 8 studies

120Z Ae|\ 92 Uo Jasn oueuQ uIsIsap) 10 AlsieAiun Agq ZG¥60Z9/S L 0GenUALINU/SE0] 0 L /I0p/3|01B-90UBAPR/SMSIASIUOIILIINU/WOD dNo-oIWapeoe.//:sdny WoJj papeojumoq



Table 1 PICOS criteria for inclusion and exclusion of studies

Condition Description

Participant Human

Intervention All types of vegetarian diets (including vegan, lacto-ovo vegetar-
ian, semivegetarian, and pesco-vegetarian)

Comparison Risk or mean score of depression between vegetarians and
nonvegetarians

Outcome Depression

Study designs Cohort and cross-sectional

Records excluded unrelated and

v

RCT (n = 803)

Full-text articles excluded with

unrelated outcomes (n = 19)

> Lack of data for meta-analysis (n=3)

) Records identified through database
E searching
= (N =921)
o
=
=
S
=
—
—
Records after duplicates removed
(n = 838)
M
o0
£
£
%
>
5 Records screened
o2 (n = 838)
|
)
;‘ Full-text articles assessed for
A= R _
;é eligibility (n = 35)
0
=]
=
—
Studies included in qualitative synthesis
(n=16)
=
g
- b
£
=) Studies included in quantitative synthesis
(meta-analysis) (n =13)
(for odds, n = 6 studies; for means, n = 8 studies)

Figure 1 Flow diagram of database searches and study selection

compared the mean score of depression between vege-
: : 24,25,31,48-50,52,53
tarians and omnivores.

Findings from systematic review

. . . 23-27,30,31,47-54
Fifteen cross-sectional studies, and 1

study with both cross-sectional and cohort data® were
eligible to be included in the present systematic review.
Thirteen of these studies were included in the meta-
analysis and their characteristics are summarized in

Table 2.>7272%148-53 A]] studies were published be-
tween 1998 and 2020. Of these studies, 1 was conducted
in Asia (China),”” 8 studies were conducted in Europe
(Finland, France, Swiss, England, Spain, and
Germany),”*?7202120-325% 5 gtudies were from the
United States,”>*****>>* and 1 study was conducted in
Australia.”’ One study was a multinational study.’
Participants in all the included studies were older than
13 years. Eight studies used a food frequency question-
naire to assess the dietary intakes of participants,”"

Nutrition Reviews® Vol. 00(0):1-13

120Z Ae|\ 92 Uo Jasn oueuQ uIsIsap) 10 AlsieAiun Agq ZG¥60Z9/S L 0GenUALINU/SE0] 0 L /I0p/3|01B-90UBAPR/SMSIASIUOIILIINU/WOD dNo-oIWapeoe.//:sdny WoJj papeojumoq



Study (year)

Semivegetarian

ES (95%CI) Weight (%)

Michalac et al (2012)"
Meesters et al (2016)*°
Mattaet al (2018)*’
Hibbeln et al (2018)*
Li et al (2019)®

1.75 (1.03, 2.98) 11.89

. 3.90(1.81, 8.38) 8.49
1.55(1.22,1.97) 16.99
1.67 (1.14, 2.44) 14.60

4.71(1.38,16.05) 4.53

Li et al (2019)%
Subtotal (I2=35.7%, P = 0.169)

Vegans

1.53(0.54, 4.35) 5.73
1.86 (1.42, 2.44) 62.23

Mattaet al (2018)%
Subtotal (I?=.%, P =.)

Lacto-ovo vegetarian

Mattaet al (2018)%

Jin et al (2019)*

Subtotal (I2=90.4%, P = 0.001)

Overall (I?=69.1%, P = 0.001)

1.18 (0.56, 2.48) 8.77
1.18 (0.56, 2.48) 8.77

1.44 (1.08, 1.92) 16.25
0.57(0.35,0.92) 12.75
0.93 (0.37, 2.29) 28.99
1.53 (1.14,2.07)  100.00

.0623 1

T
16.1

Figure 2 Forest plot of the association between vegetarian diet and risk of depression, based on type of vegetarian diet Abbreviation: ES, Effect

Size
27304853 and 8 studies used brief questions about the
regular consumption of food groups.>"*”**~>*>+>> One
study was conducted with male participants only,*® 3
with female participants only,”"*”*° and the rest were
conducted with men and women,>?72>?7-30:48:49,51-55
The most common type of vegetarian diet evalu-
ated by the included studies was the semivegetarian
diet,>*263031474975L53755 fo]]owed by the lacto-ovo veg-
etarian diet.”>*”*¥>%%>>% The vegan diet was assessed
in 4 studies.””****>* Two effect sizes on the risk of de-
pression in vegans and female vegetarians®>*” and 5 ef-
fect sizes on the mean depression score’"** revealed
no significant relationship, whereas 6 and 8 effect sizes
indicated either higher risk******' or higher
scores”>*>*>> of depression, respectively, in vegeta-
rians compared with nonvegetarians. One study found
a lower risk>> and 3 effect sizes showed a lower mean
score’*>* for depression in vegetarians. One study sug-
gested that vegetarian women had poorer mental health
than did nonvegetarian women,”” and authors of an-
other report suggested no association between vegetari-
anism and mental health in the United States, Russia, or
Germany, but a positive link in China.>® A recent cross-
sectional study also indicated that semivegetarians, but
not lacto-ovo vegetarians, who had strong orthorexic
tendencies had greater depressive symptoms compared
with omnivores, but in those with lower and medium

Nutrition Reviews® Vol. 00(0):1-13

tendencies to orthorexia, no significant difference was
found.”* Five studies used the Centre for Epidemiologic
Studies Depression questionnaire for depression assess-
ment,”>**>°%>% 4 studies used the Depression Anxiety
Stress Scale,”***°>** 1 study used the Hospital Anxiety
and Depression Scale,”’ and 1 study used the
Edinburgh Postnatal Depression Scale 0.26. The
Diagnostic and Statistical Manual of Mental Disorders,
the Geriatric Depression Scale, the Munich Composite
Diagnostic Medical
Outcomes Study Short-Form Health Survey, the Patient
Health Questionnaire-9, and self-report measurement
were other questionnaires that were used in the in-
cluded studies.”>***”*"** Quality scores ranged from 6
to 9.

International Interview, the

Findings from meta-analysis

In total, 9 effect sizes extracted from 6 studies®*°"

273051 were included in the statistical analysis based on
the ORs with 95%Cls. In comparison with omnivores,
those who adhered to a vegetarian-based dietary pattern
had 53% greater odds for depression (95%CI, 1.14-2.07;
P = 0.005; I’= 69.1%). In subgroup analysis according
to the type of vegetarian diet, only the semi-vegetarian
diet was positively associated with the odds of depres-
sion with a low heterogeneity (OR, 1.86; 95%CI, 1.42-
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Figure 3 Forest plot of the association between vegetarian diet and risk of depression, based on country where the study was conducted

2.44; P < 0.0001; I’= 35.7%), while veganism (OR, 1.18;
95%CI, 0.56-2.48; P = 0.662) and lacto-ovo vegetarian-
ism (OR, 0.93; 95%CI, 0.37-2.29; P = 0.867; I’ =
90.4%) were not related to the chance of depression in
comparison with omnivores (Figure 223:25-27,30.51y

The association between a vegetarian diet and de-
pression odds stratified on the basis of the country
where the study was conducted is shown in
Figure 3.°>%°*7*%%! Qverall, compared with omnivores,
the pooled OR for depression in vegetarians was signifi-
cantly higher only in the United States and European
countries (OR, 1.45; 95%CIm 1.06-1.98; P = 0.019; P=
73.2%), whereas in China, no association was observed
(OR, 2.56; 95%Cl, 0.85-7.67; P = 0.093; I = 46.6%).
Subgroup analysis based on sex and study quality led to
a tendency toward greater risk in both sexes, male par-
ticipants, and high-quality studies (Table3). In sub-
group analysis based on age, a vegetarian diet was
associated with a greater risk of depression only in
younger individuals (OR, 1.53; 95%CI, 1.14-2.07;
P <0.0001; I’= 0.0%) (Table 3).

Given that some studies examined the association
of plant-based diets or some vegetarian dietary patterns
identified by posteriori methods, their effects on the re-
lationship underwent additional investigation. After
combining the studies that were included in the main
analysis, the significance disappeared (OR, 1.03; 95%CI,
0.86-1.23; P = 0.769; I’= 80.7%). In a subgroup

analysis based on this factor, significant heterogeneity
was found between subgroups (P < 0.0001) as was an
inverse significant association in the subgroup of plant-
based diets (OR, 0.79; 95%CI, 0.68-0.92; P = 0.002; I’=
59.1%) (data not shown).

In total, combining 16 effect sizes from 8 stud-
ies®»?>?148750:5253 i djcated that the mean score of de-
pression was not significantly different between
vegetarians and omnivores (standardized mean differ-
ence [SMD], 0.10; 95%CI, —0.01 to 0.21; P = 0.08; I =
79.1%). Subgroup analysis based on the type of vegetar-
ian diet indicated the results were not related to the veg-
etarian type (Figure4>**>*148750925%) In subgroup
analysis by sex, in studies that separately assessed
male*”*® and female participants,*® a vegetarian diet
was associated with greater scores of depression com-
pared with omnivores (men: n = 4 studies, SMD, 0.38,
95%ClI, 0.21- 0.55, I = 52.1%; and women: n = 2 stud-
ies, SMD, 0.1, 95%CI, 0.04-0.17; I> = 0.0%). However,
in studies in which both men and women were
assessed,”**>?1*%253 the mean difference did not sta-
tistically differ between vegetarians and nonvegetarians
(n = 10 studies; SMD, —0.07; 95%CI, —0.25 to 0.12; I*
= 81.0%). In studies deemed of low quality,>"**>%>>>*
adherence to a vegetarian diet was associated with sig-
nificantly higher mean depression scores (n = 14 stud-
ies; SMD, 0.14; 95%CI, 0.03-0.25; I = 73.6%), whereas
in studies deemed of high quality,”*** no significant
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Table 3 Subgroup analysis for the association between vegetarian diet and depression risk

Effect size I” (%) 0dds ratio 95%Cl Paetween
Sex 0.446
Both 6 77.0 1.42 0.98-2.06
Male 2 860.1 2.36 0.91-6.17
Female 1 - 1.53 0.54-4.35
Study quality score 0.040
>8 7 868.1 136 0.99-1.87
<7 2 64.8 249 1.14-5.42
Age, years 0.741
<50 5 0.0% 1.53 1.31-2.79
> 50 4 87.1 1.90 0.61-5.94

Abbreviations: dash (=), not estimated.

association was observed (n = 2 studies; SMD, —0.22;
95%CI, —1.09 to 0.65; I = 95.5%). Because of homoge-
neity in terms of the country where the study was con-
ducted, their effects could not be explored. Additional
analysis, including a study examining a plant-based diet
in relation to mean depression score,** could not affect
the main results (SMD, 0.06; 95%CI, —0.06 to 0.18; I* =
83.4%).

Publication bias and sensitivity analysis

In spite of slight asymmetry in the funnel plots
(Figure 5), there was no evidence of publication bias
according to Egger and Begg regression tests either for
studies that assessed the risk of depression (Egger test, P
= 0.590; Begg test, P = 0.466) or for studies that
assessed the mean difference (Egger test, P = 0.425;
Begg test, P = 0.392). In sensitivity analysis, the removal
of no study could considerably change the odds of

Study (year)

Semi-vegetarian

Beezhold et al. (2010324 -
Forestell et al. (2018)*

Forestell et al. (2018)%,
Lindeman et al. (2002)’

Schreiner et al. 22019)31

Li etal. (2019)>

Timko et al. (201 2)%3

Subtotal (I%=80.0%, P = 0.000)

Lacto-ovo-vegetarian,

T

depression in vegetarians. Because the method of Li et
al*® method to determine vegetarian individuals was
less precise, 2 effect sizes extracted from their study
were also excluded. This led to a slight decrease in the
pooled effect size either in the semivegetarian subgroup
(OR, 1.79; 95%CI, 1.36- 2.36; P < 0.0001; I* = 41.2%)
or overall (OR, 1.45; 95%CI, 1.06-1.98; P = 0.019; I =
73.2%), though the significance remained unchanged.
Excluding the study by Beezhold et al** or the study by
Rodriguez Jiménez™” led to a significant increase in the
mean level of depression scores in vegetarians com-
pared with nonvegetarians.

DISCUSSION

The pooled effect size of existing investigations examin-
ing the association between vegetarian diets and depres-
sion risk illustrated scarce reports in this regard.
Comparing the mean score of depression between

SMD (95%CI) Weight (%)
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1
=
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OO oo0os
=0 R EO]
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Forestell et al. (2018) 0.51 (0.28,0.75) 6.62
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Figure 4 Forest plot comparing the mean of depression score between vegetarians and nonvegetarians based on type of vegetarian

diet. Abbreviation: SMD, standardized mean difference

Nutrition Reviews® Vol. 00(0):1-13

120Z Ae|\ 92 Uo Jasn oueuQ uIsIsap) 10 AlsieAiun Agq ZG¥60Z9/S L 0GenUALINU/SE0] 0 L /I0p/3|01B-90UBAPR/SMSIASIUOIILIINU/WOD dNo-oIWapeoe.//:sdny WoJj papeojumoq



2 —
o
(o]
1 -
x
O
c
— (o]
[+ o
o
0 —
o
-
T T T T
0 2 4 6
Standard error
B
1 -
5
S
» 0 7 2 ° o
-5
(o] o
-
T T T T
0 2 3

Standard error

Figure 5 Funnel plots for the studies of the vegetarian diet in relation to depression risk (A) and depression mean score (B).

Abbreviations: OR, odds ratio; SMD, standardized mean difference

vegetarians and nonvegetarians suggested no difference,
whereas in studies that evaluated the odds of depres-
sion, adherence to a vegetarian-based dietary pattern
was associated with increased odds of depression. This
association was dependent on the type of vegetarian
diet, the country where the study was conducted, the
quality of studies, and the mean age of participants.

To date, cumulative evidence has suggested benefi-
cial effects of adhering to a vegetarian diet on various
health outcomes, such as chronic inflammation!' and
diabetes mellitus.”> Given that there is a bidirectional

10

association between chronic disease, inflammation, and
mental disorders,”®>® it is probable that adhering to a
vegetarian diet can be associated with mental health. In
support of this hypothesis, the favorable associations be-
tween the dietary inflammatory index, fruits, vegetables,
plant-based dietary patterns, and the risk of depression
and anxiety have been reported by several studies and
meta-analyses.>>*°' However, studies investigating
vegetarian diets in relation to depression are scarce and
have reported inconsistent findings. For example, al-
though most studies showed a null association between
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T L2443
a vegetarian diet and depression,

found a direct association®>>®%4
association.”

Various factors may affect the relationship between
a vegetarian diet and depression risk. For example, the
length of time being on a vegetarian diet*® and the rea-
sons for adhering to a vegetarian diet by study popula-
tion*>**% may influence the final results. In the Avon
Longitudinal Study of Parents and Children, Hibbeln et
al®® illustrated that individuals who were vegetarians for
a longer time tended to have higher scores of depres-
sion. Moreover, vegetarianism may be a result of vari-
ous motives, including religion, health concerns,
socioeconomic factors, and having particular view-
points regarding the environment and killing of ani-
mals.”>**%*  Therefore, because of their potential
consequences on or relation to mental status, such
motives should be considered when examining and
interpreting these associations. Nonetheless, most of the
included studies in our meta-analysis did not take these
factors into account and adjusted the roles of these
factors.

According to the subgroup analysis, using different
definitions of vegetarian diets and the country where
the study was conducted may be potential sources of
heterogeneity between studies. Some of the studies in-
cluded in the present meta-analysis separately examined
vegan and other vegetarian dietary patterns,””* but
some studies combined vegans with vegetarians because
only a few participants in the study were vegans.”® In
addition, the common vegetarian dietary pattern and
environmental context or culture may play an impor-
tant role in the mental health of vegetarians. For exam-
ple, whereas lacto-ovo vegetarians are more common in
Europe and North America,*>®* in China, the average
intake of dairy products is less than that of Western
vegetarians.®>®® It is worth mentioning that nutrient
balance of the diet may be influenced by the type of veg-
etarian diet, the eliminated food items, and even the
proportion of certain consumed foods. Because specific
nutrient deficiencies can affect mental health, a combi-
nation of these studies may result in misleading find-
ings and results should be interpreted cautiously. In
addition, vegetarianism in Asia is more common; as a
result, vegetarians may not be viewed as a social minor-
ity to the same degree, and they may experience less os-
tracism and more social support, which may improve
their daily experiences.

Although vegetarian-based dietary patterns are rich
in several nutrients, such as fiber, antioxidants, folate,
and magnesium, and have anti-inflammatory proper-
ties," %" they may not be able to meet recommended di-
etary allowance for all nutrients, such as long-chain
omega-3 fatty acids, cobalamin, and iron,">*” and

some others either
or even an inverse

Nutrition Reviews® Vol. 00(0):1-13

thereby lead to adverse effects on mental health. Study
results suggested that semi- and pesco-vegetarians, who
consume fish and poultry besides other foods consumed
in the lacto-ovo vegetarian diet, had a higher risk for
depression, whereas no significant association was
found for lacto-ovo vegetarians. The reason for this
finding is unclear. However, it might be related to a
higher score of dietary restraint in semivegetarians
and also the food choices of participants. Dietary re-
straint, which is the intentional restriction of food in-
take to reduce or keep body weight at a more desirable
level,’® can potentially cause nutrient imbalance or defi-
ciency. A cross-sectional study*' elucidated that, in spite
of a lack of association between a plant-based diet and
depression in patients with type 2 diabetes, adhering to
healthy and unhealthy plant-based diets was associated
with a lower and higher risk of depression, respectively.
Matta et al*” consistently demonstrated an interaction
between a vegetarian diet and depression risk according
to the consumption of legumes. They showed that in-
creasing the intake of legumes was associated with a
dramatic decline in the risk of depression.”” Another
explanation might be the extent to which the foods are
processed; researchers reported that in a prospective co-
hort, a higher proportion of processed foods was associ-
ated with a 21% increase in the risk of depressive
symptoms.®” Therefore, consuming a vegetarian diet ex-
cluding any animal-derived foods, compared with
plant-based diets and fruit and vegetables, might not
have additional benefits for mental health.

The exact reason for the higher risk for depression
we found in younger adults in the present meta-analysis
is not clear. However, the impetus to adhere to a vege-
tarian diet might play a role.”” It has been illustrated
that animal-motivated vegetarians exhibit more dietary
restraint than do health-motivated vegetarians,’ which
might adversely affect mental status.

Although plant-based diets have been generally
considered vegetarian diets,”* in contrast with an earlier
meta-analysis,”® we did not include plant-based diets,
or vegetarian diets identified by posteriori methods, in
the meta-analysis. Indeed, labelling identified dietary
patterns by posteriori methods is subjective, and be-
cause these methods use a scoring system or factor load-
ings of foods, it is probable that meat or fish take a low
factor loading. But, their consumption frequency should
be more than once a week, which will not be in accor-
dance with the definition of vegetarian diets.® In sup-
port of this point, in the study by Hosseinzadeh et al,**
the mean consumption of processed meat was 4.5 g/d in
the top quintile of the lacto-ovo vegetarian dietary pat-
tern; therefore, it is probable that the mean consump-
tion of other meats is higher. However, there was no
report in this regard in their article.**

1
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There are several limitations in our meta-analysis
that need to be taken into account when interpreting
the results. First, there were only a few studies in this
area, and almost all the studies included in the present
meta-analysis were cross-sectional; therefore, it was not
possible to draw any causal relationships. Second, al-
though maximally adjusted models of original articles
were used in all analysis, residual and unmeasured con-
founding cannot be completely ruled out. Third, the du-
ration of and reasons for adhering to a vegetarian diet,
which can potentially influence the associations, were
not determined in the most of studies. Fourth, using
different, self-reported screening questionnaires, rather
than diagnostic methods, to identify depressed individ-
uals may cause heterogeneity and influence the accu-
racy of findings. Thus, these findings should be
interpreted cautiously, and prospective studies are
needed to confirm these results. Fifth, in spite of per-
forming various subgroup analyses, between-studies
heterogeneity could not be completely eliminated. It
should be kept in mind that all vegetarian diets are not
necessarily healthy, and differences in dietary restraint
due to maladaptive behavior toward food may be an-
other potential source of inconsistence.”®> However, be-
cause these differences were not explored in the original
articles, it was not possible to do additional analysis
based on it.

Finally, this study has its strengths. First, the associa-
tions were examined on the basis of various subgroup anal-
yses, including the type of vegetarian diet and the country
where the study was conducted. Second, a comprehensive
literature review was conducted to find relevant articles
and made no restriction for data and language.

CONCUSION

In conclusion, this meta-analysis showed that a vegetar-
ian diet compared with an omnivore diet was associated
with an increased risk of depression, although the mean
score for depression was not significantly different be-
tween vegetarians and omnivores. However, because of
the scarce data in this regard and the lack of robustness
in the findings, more investigations, particularly pro-
spective cohorts, are warranted to confirm these results
and risk for depression.
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