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Context: Depression is the most common causes of disease burden worldwide
(GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Global, re-
gional, and national incidence, prevalence, and years lived with disability for 354
diseases and injuries for 195 countries and territories, 1990-2017: a systematic
analysis for the Global Burden of Disease Study 2017. Lancet. 2018;392:1789-
1858). Objective: An umbrella review has been performed to assess the strength
and validity of the available observational and trial evidence for the association be-
tween a variety of dietary patterns and depression. Data Sources: MEDLINE/
PubMed, Scopus, Web of Science, EMBASE, PsycINFO, and Cochrane Database were
searched. Data Extraction: The Joanna Briggs Institute Umbrella Review
Methodology was used. Data Analysis: The review included 19 articles, covering a
relatively wide range of dietary patterns: healthy dietary patterns (n=8),
Mediterranean diet (MedDiet) (n=6), Dietary Inflammatory Index (DIl) (n=25),
Western diet (n = 4), Dietary Approaches to Stop Hypertension (DASH) (n = 2), veg-
etarian diets (n=4), and other dietary interventions (n=2). The methodological
quality of the included meta-analyses was generally low or critically low. The
strength of the evidence was generally weak, although convincing or suggestive ev-
idence was found for an inverse relationship between MedDiet/DIl and depression.
Higher adherence to the MedDiet and lower DIl score were significantly associated
with lower risk of depression. Conclusion: Considering the generally high
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heterogeneity and low quality of the available evidence, further studies adopting
more coherent and uniform methodologies are needed.
Systematic Review Registration: PROSPERO registration no. CRD42020223376.

INTRODUCTION

Depression is estimated to affect more than 300 million
people worldwide and, according to the World Health
Organization (WHO), is one of the leading causes of
disability." On average, it more frequently affects
women than men, and it first appears during the late
teens to mid-20s.> Depression is a psychiatric disorder
that goes beyond the normal human experiences of sad-
ness, including a broad range of symptoms such as feel-
ing worthless, losing interest in most or all activities,
having thoughts of suicide, experiencing a significant
reduction or increase in appetite or sleep, and having
difficulty concentrating.” Depressive symptoms are of-
ten distressing to the individual and can lead to an in-
ability to function normally, such as at work or in
maintaining relationships.*

Although scientists agree in considering that de-
pression is the result of a complex interaction of social,
psychological, and biological factors, due to the clinical
and etiological heterogeneity it is difficult to clarify its
pathophysiology.” An increasing body of scientific evi-
dence suggests a relationship between dietary patterns
and depression,”® and many meta-analyses’ "' have
found that adherence to healthy diets is associated with
lower risk of depression and less severe depressive
symptoms. These findings could be important for the
prevention and treatment of depression, but the quality,
the precision, and the strength of the evidence need im-
provement.'” In fact, meta-analyses are powerful tools,
but they have a possible bias associated with variation
in quality and empirical validation. It has been reported
that more than half of all published meta-analyses are
flawed or useless, and that the production of poor qual-
ity and redundant meta-analyses may contribute to the
spread of misleading dietary concepts.'*'*

Assessment of the quality and credibility of the
existing evidence for a relationship between dietary pat-
terns and depression may have implications for both
clinical practice and public health. An umbrella review
is a review of systematic reviews and meta-analyses that
provides a comprehensive and systematic assessment of
the available scientific literature for a specific research
topic and offers insight into the strength of the evidence
and the extent of potential bias."” Recently, Xu et al'®
conducted an umbrella review of meta-analyses of pro-
spective cohort studies that investigated the association

between various dietary factors (foods, nutrients, and
diets) and depression, finding high heterogeneity. The
aim of the present umbrella review was to focus only on
dietary patterns (as a whole), including all available evi-
dence from existing meta-analyses of both observational
(prospective cohort and cross-sectional studies) and in-
tervention studies; a set of predefined criteria was ap-
plied to assessment of the strength and validity of the
evidence, thus enabling development of an overview of
the validity of the potential associations studied and
assessing possible hints of bias.

METHODS

The current umbrella review was registered in the
PROSPERO International Prospective Register of
Systematic ~ Reviews  database = (ID  number:
CRD42020223376, at www.crd.york.ac.uk/PROSPERO).
This umbrella review of meta-analyses of observational
studies and randomized clinical trials was conducted
according to the methods recommended by the
Cochrane Collaboration'” (the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
PRISMA guidelines),'® and the process and results were
documented in accordance with the methodology de-
veloped by The Joanna Briggs Institute Umbrella
Review Methodology." It was designed to answer the
following question: “What is the strength and validity of
the existing evidence assessing the association between
dietary patterns and depression among adults (from
both observational research and RCTs)?”. This specific
research question was developed according to the
PICOS (Participants, Interventions, Control, Outcomes,
Study Design) principle, and the details are reported in
Table 1. Studies that did not report quantitative effect
size estimates (effect size and 95% confidence intervals
[CIs]) were excluded.

Search strategy

A systematic electronic literature search was indepen-
dently carried out by 2 authors (V.G. and M.D.) using
the following databases: MEDLINE/PubMed, Scopus,
Web of Science, EMBASE, PsycINFO, and the
Cochrane Database of Systematic Reviews (from data-
base inception to February 2022). The references of the
identified articles were manually checked to find any
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Table 1 PICOS criteria for inclusion and exclusion of studies

Parameter Inclusion criterion

Exclusion criterion

Population Adults (>18y) without comorbidities

Intervention

All diets or dietary patterns/dietary interventions

Children/adolescents and pregnant women (post-par-
tum depression)
Study assessing the effect of single food components

Other outcomes or data combined for depression and
other outcomes (for instance depression and anxiety
combined)

Comparison No intervention or any diet or dietary patterns/di-
etary interventions

Outcome Depressive symptoms, depression, depressed
mood, consumption of anti-depressant medica-
tions, depressive feeling

Study design Meta-analyses of original studies (both random-

ized controlled trials and observational studies)

Meta-analyses not published as peer-reviewed meta-
analyses in international scientific journals (book,
book chapter, thesis). No full-text papers (abstract,
conference paper, letter, commentary, note), system-
atic review without quantitative analysis, meta-analy-
sis not reporting comprehensive data (eg, effect size
and 95% confidence intervals)

additional eligible studies. Search terms (both MeSH
and text), including diet (and its variants), depression
(and its variants), and systematic review/meta-analysis
(and their variants) were combined using Boolean oper-
ators. A more exhaustive/comprehensive search strategy
list, for each database, is provided in Table SI in the
Supporting Information online. Only English articles
published in peer-reviewed journals were included.
Adherence to any dietary patterns/dietary interventions
were eligible. Since the focus of this review was to assess
the available evidence for an association between de-
pression and whole-of-diet, rather than individual foods
or nutrients, studies focusing only on a single food
component (eg, only fish or fruit and vegetables) were
not included. Regarding the outcome, all definitions of
depression and all methods used to diagnose depression
were considered eligible (depressive symptoms, inci-
dent/prevalent depression, use of anti-depressant medi-
cations, and depressive feeling). Relevant articles were
obtained in full and assessed against the inclusion/ex-
clusion criteria. If an article presented meta-analyses for
more than 1 dietary pattern/dietary intervention, each
of these was included separately.

Data extraction and quality assessment

A 2-step process was adopted to identify relevant
articles. First, 2 authors (V.G. and M.D.) independently
screened the titles and abstracts of the retrieved studies
in order to identify potentially eligible studies. Second,
full texts of only the potentially eligible studies were re-
trieved and independently assessed for eligibility by 3
review team members (V.G., D.N., and M.D.). Any dis-
agreements between them over the eligibility of particu-
lar studies were resolved through discussion with a
senior reviewer (A.O.). Data were independently
extracted from each identified meta-analysis by 2
authors (V.G. and D.N.), using a standard data
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extraction spreadsheet to systematically record qualita-
tive and quantitative data extracted from the included
meta-analyses. The spreadsheet was elaborated in
Microsoft Excel® for Windows (Redmond, WA, USA,
2007) and was pre-piloted, on 5 randomly selected
papers, to ensure methodological concordance among
the authors. The following data were extracted: first au-
thor and year of publication, number and type of in-
cluded studies, comparison, number of subjects
assigned to each group, study population, outcomes of
interest, maximally adjusted effect size measurements
(that is, relative risk/hazard ratio, odds ratio, mean dif-
ference) along with the corresponding 95% ClIs, and the
quality of the studies included in each meta-analysis.
Data were grouped according to the type of dietary in-
tervention or dietary patterns studied in observational
studies. Any discordances between the 3 authors were
resolved through discussion; if disagreement persisted,
a senior author was consulted (A.O.). Two authors
(V.G. and D.N.) independently evaluated the methodo-
logical quality of the included meta-analyses.
Disagreements were resolved by discussion with a third
investigator (M.D.). The “A MeaSurement Tool to
Assess systematic Reviews 2” (AMSTAR-2) question-
naire was used to identify the quality of the meta-
analyses. The AMSTAR-2 tool has 16 items in total,
with an overall rating based on weaknesses in critical
domains. Critical domains were as follows: definition of
the PICO components (item 1), adequacy of the litera-
ture search (items 4 and 5), risk of bias from individual
studies being included in the review (item 9), appropri-
ateness of meta-analytical methods (item 11), consider-
ation of risk of bias when presenting the results of the
review (item 12), assessment of presence of publication
bias (item 15).!° The overall confidence rate ranged be-
tween high (if no or only 1 noncritical weakness), mod-
erate (if more than 1 noncritical weakness), low (if 1
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critical weakness), and critically low (if more than 1
critical weakness).*’

Strengths of evidence assessment and data analysis

All statistical analyses were conducted using Review
Manager (RevMan, version 5.3 for Macintosh; The
Cochrane Collaboration, Copenhagen, Denmark) and
the statistical package PASW 20.0 for Macintosh (SPSS
Inc., Chicago, IL). For each included meta-analysis, the
following calculations were performed. Pooled effect
sizes and their 95% CIs were estimated using both
fixed-effects and random-effects models. For the sum-
mary random-effects, the 95% prediction interval (PIs)
were estimated, which further accounted for the degree
of between-study heterogeneity and gave a range for
which there was 95% confidence that the effect in a new
study examining the same association lay within.
Statistical heterogeneity between studies was evaluated
using the I” statistic’; where I* exceeded 50% or 75%,
the heterogeneity was considered substantial or consid-
erable, respectively.”! To detect any evidence of small-
study effects, the Egger’s regression asymmetry test was
performed, and the standard error (SE) of the effect size
(under random effects) for the largest study of each
meta-analysis was calculated.”” The largest study was
defined on the basis of the smallest SE. If the P-value
for Egger’s test was <.10 and the largest study had a
smaller effect size than the summary effect size, both
criteria for existence of small-study effects were ful-
filled.*® As previously proposed,”*® in each meta-
analysis observed, associations were categorized as con-
vincing or not, by using the following criteria: signifi-
cance at P<.05 and P <.001; inclusion of >500 or
>1000 cases for binary outcomes (>2500 or >5000 to-
tal participants if the metric was continuous); absence
of considerable heterogeneity (I* <75%); 95% PI ex-
cluding the null value and absence of small-study
effects. Five categories were identified: (i) Convincing
evidence: significance threshold reached at P <.001 for
both random- and fixed-effects calculation; >1000 cases
(or >5000 total participants if the metric was continu-
ous); no large heterogeneity between studies (I* < 50%);
95% PI excluding the null value; no evidence of small-
study effects. (ii) Highly suggestive evidence: significance
threshold reached at P<.001 for both random- and
fixed-effects calculation; >1000 cases (or >5000 total
participants if the metric was continuous); not consid-
erable heterogeneity between studies (I*=50-75%).
(iii) Suggestive evidence: significance threshold reached
at P<.001 for randome-effect calculation; 500-1000
cases (or 2500-5000 total participants if the metric was
continuous). (iv) Weak evidence: significance threshold
reached at P<.05 for random-effects calculation. (v)

No-evidence: significance threshold not reached
(P>.05).

RESULTS
Search results

Figure 1 shows the flow diagram, reporting the selection
process. The electronic searches identified 1799 articles
in total, of which 313 were identified in the PubMed/
Medline, 376 in Scopus, 203 in Web of Science, 702 in
EMBASE, 21 in PsychINFO, and 184 in the Cochrane
Collaboration database. A total of 921 articles were re-
moved because of duplicates, leaving 878 articles. Of
these publications, 848 were excluded on the basis of
the title and abstract. Out of 30 potentially eligible
articles, 11 were removed after the full-text assess-
ment.”’ " The reasons for exclusion are shown in
Table S2 in the Supporting Information online.”” " At
the end of the screening process, 19 articles met the in-

. . . . . . 9-
clusion criteria and were included in the analysis.
11,38-53

Characteristics and methodological quality of the
included meta-analyses

Table 2 °'"**> reports the characteristics and method-
ological quality of the included meta-analyses. Out of
the 19 included meta-analyses, 16 were meta-analysis of
observational studies, 2 were meta-analysis of RCTs,
and 1 meta-analysis included both observational studies
and RCTs. The following dietary patterns were ana-
lyzed: healthy dietary patterns (n=38), Mediterranean
diet (MedDiet) (n=6), Dietary Approaches to Stop
Hypertension (DASH) (n=2), vegetarian (n=4),
Dietary Inflammatory Index (DII) (n = 5); Western diet
(n=4), different types of dietary interventions, includ-
ing very low-calorie diet (VLCD, ie, <800kcal/d), re-
ducing fat (below 30%) and diets inducing weight loss.
The total number of diets covered was higher than the
total number of included articles because some of them
assessed the association between several types of diets
and depression. One article performed a harmonized
meta-analysis.*° In that case, the authors performed a
consortium study (MooDFOOD project) including 5
different cohort studies (the Invecchiare in Chianti
study [InCHIANTI]); the Longitudinal Aging Study
Amsterdam (LASA); Netherlands Study of Depression
and Anxiety (NESDA); Healthy Life in an Urban
Setting (HELIUS); the Whitehall II study; and an exter-
nal cohort, the Australian Longitudinal Study on
Women’s Health (ALSWH)]. Starting from the respec-
tive food frequency questionnaires adopted in each co-
hort, authors estimated adherence to Mediterranean
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Identification of studies via databases and registers

Records identified from:
Cochrane (n = 184)
EMBASE (n =702)

Scopus (n = 376)
Web of Science (n = 203)
PsycINFO (n = 21)

Identification

A

Records screened
(n=878)

A4

Reports sought for retrieval

PubMed/MEDLINE (n=313) [—»

Records removed before screening:
Duplicate records removed (n = 921)

Records excluded
(n = 848)

Reports not retrieved

(n = 30)

A4

Screening

Reports assessed for eligibility

\4

(n=0)

Reports excluded (n = 11):

(n=30)

Studies included in review
(n=19)

Included

Figure 1 PRISMA flow diagram of the literature selection process.

diet using a unique scale (Mediterranean Diet Score). A
similar approach was used in this meta-analysis also for
the DASH and Alternative Healthy Eating Index
(AHEI-2010).

A great variability was observed in the included
studies in the definitions of specific dietary patterns or
dietary interventions. For instance, both healthy dietary
patterns and Western diet were defined based on an a
priori or a posteriori factor, on cluster or principal com-
ponents analysis. Similarly, adherence to the MedDiet
was quantified by means of a variety of MedDiet scales;
and of the 4 meta-analyses of vegetarian diets, 1 consid-
ered vegans and vegetarians diets together,”® while the
others differentiated between the 2.*"***” On the other
hand, very low or no heterogeneity was found when
DASH or DII were considered, since in both cases a
univocal diet scale is in place. Regarding depression, it
was generally defined as diagnosis of depressive disor-
ders or depressive symptoms, without any restriction

Nutrition Reviews® Vol. 00(0):1-14

\4

Not meta-analysis (n = 1)

Celiac patients (n = 2)

Only abstract/erratum/commentary (n = 7)
No diet as a whole (n = 1)

on the methods used for the assessment. In this respect,
a great heterogeneity was found for diagnostic methods
(validated tools, clinical interview, self-reported diagno-
sis, consultation of medical records, or antidepressant
drug use). Regarding dietary patterns, in all except 4
meta-analyses,”®*>*>*’ the authors compared the high-
est vs lowest adherence (or vice versa in 2 studies®>").
In these 4 meta-analyses, 3 compared different dietary
patterns (eg, pre- vs post-dietary intervention, no inter-
vention vs intervention, and vegetarian vs omnivorous),
whereas another compared depressed vs no depressed
subjects. TableS3 in the Supporting Information on-
line® "% further details the characteristics of the in-
cluded meta-analyses, reporting pooled effect sizes,
prediction intervals, heterogeneity, and P-values.

The largest population (>100 000 subjects) was ob-
served in observational studies, particularly in meta-
analyses of the vegetarian diet,”®*' healthy dietary pat-
terns,'! and DIL>® In contrast, the smallest population
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Table 2. Characteristics and quantitative synthesis of meta-analyses reporting associations between dietary patterns and depression

Reference n of studies/ study Comparison Diet assessment Outcome Outcome Study population  Quality/risk of bias n events N total AMSTAR-2 Strength of
design measurement (age >18y) assessment evidence
Healthy dietary patterns
Lai etal, 2014°  13/9CS,4C High vs low Validated FFQ Depression CES-D, HADS, self-  M/F ADA 2833° 83226 Moderate Suggestive
adherence® and 24h-DR reported clinical
diagnosis or
ADs, ICD-10,
Structured
Clinical Interview
for DSM 4th
edition
Lassale et al, 6/3CS,3C High vs low 24h-DR, Depressive BDI, CES-D, DASS,  M/F NOS 4643 51716 Moderate Weak
2019'° adherence DQES, FFQ outcomes HADS, K10, PHQ-
(HEI/aHEI) 9, self-reported
Lietal, 2017*  21/6 C5,11C, High vs low FFQ Depression NA M/F NOS 9100 62138 Critically low Suggestive
4CC adherence
Matison et al, 7C High vs low 24h-DR, Depression GDS, CES-D M/F NOS 7980° 75963 High No evidence
2021% adherence DQES, FFQ
Molendijk etal, 12C High vs low 24h-DR, Depression/ ADs, CES-D, EPDS, M/F Criteria set by NA 105 494 Low Weak
2018™"" adherence DQES, FFQ depressive GDS, K10, self- authors
symptoms diagnosis
Nicolaou etal, 6CS High vs low FFQ Depressive CES-D, IDS-Self M/F None 4932 23107 Critically low Weak
2019% adherence symptoms Report, PHQ-9
(aHEI)
Nicolaou etal, 3 C High vs low FFQ Depressive CES-D, IDS-Self M/F None 2966 13295 Critically low No evidence
2019% adherence symptoms Report, PHQ-9
(aHEI)
Wu et al, 2020°>  18/11 CS, 6 C, High vs low FFQ, 24h-DR, Depression NA Elderly M/F JBI CAC NA 45972 Critically low Weak
1RCT adherence diet-history (>65Y)
questionnaire
Wu et al, 2020%  8/6 CS, 2 C High vs low FFQ, 24h-DR Depression CES-D, HADS, BDI,  M/F ADA NA NA Low Weak
adherence Self-reported
(aHEI) physician diag-
nosis + ADs
Mediterranean Diet (MedDiet)
Lassale et al, 6/2CS,4C High vs low MDS, rMED, Depressive BDI, CES-D, DASS,  M/F NOS 1954 41289 Moderate Highly suggestive
2019'"° adherence aMED outcomes HADS, K10, PHQ-
9, self-reported
Matison et al, 3C High vs low 24h-DR, FFQ Depression GDS, CES-D M/F NOS 1219 10343 High No evidence
2021% adherence
Molendijketal, 5C High vs low 24h-DR, DQES, Depression/ ADs, CES-D, EPDS, M/F Criteria set by NA 38366 Low Weak
2018™" adherence FFQ depressive GDS, K10, self- authors
symptoms diagnosis
Nicolaou etal, 6CS High vs low FFQ Depressive CES-D, IDS-Self M/F None 4932 23107 Critically low Convincing
2019% adherence symptoms Report, PHQ-9
Nicolaou etal, 3C High vs low FFQ Depressive CES-D, IDS-Self M/F None 2966 13295 Critically low Highly suggestive
2019% adherence symptoms Report, PHQ-9
Psaltopoulou et 9/8 C, 1 CC High vs low A variety of Depression ZDRS, interview,  M/F NOS 2203 17 064 Critically low Weak
al, 2013%8 adherence scores HADS, CES-D,
converted GDS, diagnosis
to 0-9 range + ADs
of the MDS

(continued)
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Table 2. Continued

Reference n of studies/ study Comparison Diet assessment Outcome Outcome Study population  Quality/risk of bias n events N total AMSTAR-2 Strength of
design measurement (age >18y) assessment evidence
Shafiei et al, 4C High vs low 9-component Depression CES-D, GDS, M/F NOS 903¢ 31746 Low No evidence
2019% adherence MedDiet pattern, HADS, ZDRS,
11-component diagnosis +
MedDiet pattern, ADs
and 14-item
MedDiet
questionnaire
Shafiei et al, 9CS High vs low 9-component Depression CES-D, GDS, M/F NOS NA 9409 Low Weak
2019%° adherence MedDiet pattern, HADS, ZDRS,
11-component diagnosis +
MedDiet pattern, ADs
and 14-item
MedDiet
questionnaire
DASH
Lassale et al, 4/3CS5,1C High vs low 24h-DR, DQES, Depressive BDI, CES-D, DASS, M/F NOS 587¢ 20472 Moderate No evidence
2019'° adherence FFQ outcomes HADS, K10,
PHQ-9, self-
reported
Nicolaou etal, 6CS High vs low FFQ Depressive CES-D, IDS-self M/F None 4932 23107 Critically low No evidence
2019 adherence symptoms report, PHQ-9
Nicolaou etal, 3C High vs low FFQ Depressive CES-D, IDS-Self M/F None 2966 13295 Critically low Weak
2019 adherence symptoms Report, PHQ-9
Vegetarian diets
Askari et al, 10/6 CS, 4 C Depression vs no  FFQ, customized Depression M-CIDI, HADS, M/F vegetarians NOS NA 122391 Low No evidence
2020% depression questionnaires CES-D, EPDA,
GDS, DASS
Fazelian et al, 6 CS Semi-vegetarian ~ 24h-DR, FFQ, brief Depression GDS, CES-D, DSM,  M/F NOS NA 106 004 Moderate Weak
20224 vs omnivore questions HADS, EPDS,
about regular DASS, CIDI
diet
Fazelian et al, 2CS Vegan vs FFQ about regular  Depression DASS, CES-D M/F NOS NA 91272 Moderate No evidence
2022% omnivore diet
Iguacel et al, 2GS Vegetarian/ NA Depression DASS, SF-36, M/F NHBLI 1168 8486 Moderate Weak
2020% vegan vs CES-D
omnivores
Iguacel et al, 5/3CS,1C 1RCT  Vegan vs NA Depression DASS, SF-36, M/F NHBLI NA 3127 Moderate Weak
2020% omnivores CES-D
Iguacel et al, 7/5CS,1C 1RCT  Vegetarian vs NA Depression DASS, SF-36, M/F NHBLI NA 3607 Moderate No evidence
2020% omnivores CES-D
Ocklenburg and  NA Vegetarian vs NA Depression/ DASS, SF-36, M/F NOS 8057 41832 Critically low Weak
Borawski, omnivores Depressive CES-D,
202147 symptoms PHQ-9
Dietary Inflammatory Index (DII)
Chen et al, 8CS High vs low DIl FFQ, 24h-DR Depression/ CES-D, DASS, M/F NOS 6432° 52360 Low Highly suggestive
2022% depressive PHQ-9, HADS,
symptoms BDI

(continued)
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Table 2. Continued

Reference n of studies/ study Comparison Diet assessment Outcome Outcome Study population  Quality/risk of bias n events N total AMSTAR-2 Strength of
design measurement (age >18y) assessment evidence
Chen et al, 5C High vs low DIl FFQ, 24h-DR Depression/ CES-D, DASS, M/F NOS 5854 55392 Low Highly suggestive
2022% depressive PHQ-9, HADS,
symptoms BDI
Lassale et al, 9/5C 4CS Low vs high DIl 24h-DR, DQES, Depressive BDI, CES-D, DASS, M/F NOS 6152 65 666 Moderate Highly suggestive
2019'° FFQ outcomes HADS, K10, PHQ-
9, self-reported
Matison et al, 3C High vs low DIl 24h-DR, FFQ Depression GDS, CES-D, self-  M/F NOS 1244° 7826 High Weak
2021% reported
Tolkien et al, 11/7C 4CS High vs low pIlf FFQ Depression/ CES-D, PHQ-9, M/F NOS NA 101950 Low Weak
2019%° depressive HADS, DASS, di-
symptoms agnosis + ADs,
self-reported +
ADs
Wang et al, 6/4C,2CS High vs low DII FFQ, 24h-DR Depression CES-D, PHQ-9, self- M/F STROBE 4864° 49584 Critically low Convincing
2019°" reported
diagnosis
Western diet
Lai etal, 2014°  4/2CS,2C High vs low Validated FFQ Depression CES-D, HADS, self-  M/F ADA 1000° 60 868 Moderate No evidence
adherence and 24h-DR reported clinical
diagnosis or
ADs, ICD-10,
Structured
Clinical Interview
for DSM 4th
edition
Lietal, 2017*  17/5CS,9C, High vs low FFQ Depression NA M/F NOS 7331 40975 Critically low Weak
3CC adherence
Matison et al, 7C High vs low 24h-DR, FFQ Depression GDS, CES-D, self-  M/F NOS 4956° 79917 High Weak
2021 adherence reported
Molendijk etal, 10C High vs low 24h-DR, DQES, Depression/ ADs, CES-D, EPDS, M/F Criteria set by NA 84870 Low No evidence
2018 adherence FFQ depressive GDS, K10, self- authors
symptoms diagnosis
Other diets
Ein et al, 2019*° 9 RCT Pre vs post VLCD 6 studies Depressive BDI, POMS, SM-D,  M/F Criteria set by 345 345 Critically low Weak
intervention performed a symptoms HADS authors
long interven-
tion (range
8-16wk), 3 a
short interven-
tion (range
6 d-8 wk)

(continued)
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Table 2. Continued

Reference n of studies/ study Comparison Diet assessment Outcome Outcome Study population  Quality/risk of bias n events N total AMSTAR-2 Strength of
design measurement (age >18y) assessment evidence
Firth et al, 2019** 16 RCT No dietary Diets aimed to Depressive SF-36, CES-D, HADS, M/F ADA 18746 27080 Moderate Weak
intervention improve nutri- symptoms GDS, BSI, BDI,
vs dietary tion were POMS
intervention based on
MedDiet
recommenda-
tions. Diets

aimed to reduce
% of fat intake
focused on re-
ducing fat con-
sumption. Diets
aimed to induce
weight loss were
based on caloric
restrictions.
Interventions
ranged between
10d and 3y.

?This meta-analysis included studies assessing adherence to a healthy diet defined a posteriori, and adherence to the MedDiet measured using different scores.

® 1 included study did not report n of events.

€2 included studies did not report n of events.

93 included studies did not report n of events.

€4 included studies did not report n of events.

f2 included studies assessed inflammation using the blood level of interleukins.

9The meta-analysis did not provide adequate data to estimate the summary effect size; the random-effects summary effect size as presented by the authors of the original meta-analysis were reported.

Abbreviations: ADs, antidepressant drugs; ADA, American Dietetic Association quality assessment tool; aHE|, alternative healthy eating index; aMED, alternate Mediterranean Diet scale; AMSTAR-2, A MeaSurement Tool to Assess systematic
Reviews 2; BDI, Beck Depression Inventory; BSI, Brief Symptoms Inventory; C, cohort; CC, case—control; CES-D, Center for Epidemiologic Studies Depression Scale; CIDI, composite international diagnostic interview; CS, cross-sectional; DASS,
Depression Anxiety and Stress Scale; DII, dietary inflammatory index; DQES, dietary questionnaire for epidemiological studies; DSM, Diagnostic and Statistical Manual of Mental Disorders; EPDS, Edinburgh Postpartum Depression Scale; FFQ, Food
Frequency Questionnaire; GDS, Geriatric Depression Scale; HADS, Hospital Anxiety and Depression Scale; HEI, healthy eating index; ICD, Composite International Diagnostic; IDS, Inventory of Depressive Symptomatology; K10, Kessler
Psychological Distress Scale; M-CIDI, Munich Composite International Diagnostic Interview; MDS, Mediterranean Diet score; JBI CAC, Joanna Briggs Institute Critical Appraisal Checklist; NA, not available; NOS, Newcastle-Ottawa Scale; NHBLI,
National Heart, Lung, and Blood Institute quality assessment tool; PCA, principal component analysis; PHQ-9, Patient Health Questionnaire 9-item depression module; POMS, profile of mood - Depression Scale; RCT, randomized controlled trial;
rMED, relative Mediterranean Diet scale; SF-36, Short-Form 36 Health survey; SM-D, subject mood - depression; STROBE, STrengthening the Reporting of OBservational studies in Epidemiology; STROBE, STrengthening the Reporting of
OBservational studies in Epidemiology; VLCD, very-low-calorie diet; ZDRS, Zung self-rating depression scale; 24h-DR, 24-hour dietary recall
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nof  Reference n of events (cases)/ . Odds ratio Odds ratio Strength

Study studies  design total (controls) Comparison (95% CI) (95% CI)  of evidence
Healthy diets

Lai et al, 2014 13 9CS,4C 2833/83226 high vs low —— 0.84 (0.76; 0.92)

Lassale et al, 2019 6 3CS,3C 4643/51716 high vs low —a— 0.65 (0.50; 0.84)

Lietal., 2017 21 6CS,11C,4CC  9100/62138 high vs low —.— 0.64 (0.57; 0.72)

Matison et al, 2021 7 7C 7980/75963 high vs low - 0.97 (0.95; 1.00)

Molendijk et al, 2018 12 12¢C NA/105494 high vs low —. 0.77 (0.67; 0.89)

Nicolaou et al, 2019 6 6CS 4932/23107 high vs low - 0.93 (0.88; 0.98)

Nicolaou et al, 2019 3 3C 2966/13295 high vs low — . 0.95 (0.84; 1.06)

Wau et al, 2020% 18 11CS,6C,1RCT NA/45972 high vs low —.— 0.85(0.78; 0.92)

Wu et al, 2020% 8 6CS,4C NA high vs low —a— 0.70 (0.56; 0.86)
Mediterranean diet

Lassale et al, 2019'° 6 2CS,4C 61954/41289 high vs low —— 0.69 (0.59; 0.82)

Matison et al, 2021 3 3C 1219/10343 high vs low —— 0.93 (0.81; 1.04)

Molendijk et al, 2018 5 5C NA/38366 high vs low —a— 0.75 (0.67; 0.84)

Nicolaou et al, 2019 6 6CS 4932/23107 high vs low - 0.87 (0.84;0.91) [INEGEG_G_

Nicolaou et al, 2019 3 3C 2966/13295 high vs low - 0.88 (0.80; 0.96)

Psaltopoulou et al, 2013 9 8C,1CS 2203/17064 high vs low —a— 0.68 (0.54; 0.86)

Shafiei et al, 2019 4 4C 903/31746 high vs low —a— 0.95 (0.79; 1.16)

Shafiei et al, 2019 9 9CS NA/9409 high vs low —— 0.72 (0.60; 0.87)
DASH

Lassale et al, 2019'° 4 3CS,1C 587/20472 high vs low —— 0.90 (0.73; 1.12)

Nicolaou et al, 2019 6 6CS 4932/23107 high vs low —— 0.94 (0.87; 1.01)

Nicolaou et al, 2019 3 3C 2966/13295 high vs low —— 0.90 (0.84; 0.97)
Vegetarian diets

Askari et al, 2020 10 6CS,4C NA/122391 depression vs no depression — 1.02 (0.84; 1.25)

Fazelian et al, 2022 6 6CS NA/106 004 semiveget vs omnivores —B—> 1.86(1.42;2.44)

Fazelian et al, 2022 2 2CS NA/91272 vegan vs omnivores L » 0.93(0.37;2.29)

Iguacel et al, 2020 2 2CS 1168/8486 veget/vegan vs omnivores —®> 2.14(1.11;4.15)
Dietary Inflammatory Index

Chen et al, 2021 8 8CS 6432/52360 high DII vs low DII —- 1.26 (1.17; 1.37)

Chen et al, 2021 5 5C 5854/55392 high DII vs low DII — 1.21 (1.125 1.32)

Lassale et al, 2019 9 5C,4CS 6152/65 666 low DII vs high DII —.— 0.71 (0.60; 0.84)

Matison et al, 2021 3 3C 1244/7826 high DII vs low DII —— 1.33 (1.04; 1.70)

Tolkien et al, 2019 11 7C,4CS NA/101950 high DII vs low DII —a— 1.40 (1.21; 1.62)

Wang et al, 2019 6 4C,2CS 4864/49 584 high DII vs low DII — 1.23(1.12; 1.35) [
Western diet

Lai et al, 2014 4 2Cs,2C 1000/60 868 high vs low —— 1.17 (0.97, 1.41)

Lietal, 2017 17 5CS,9C,3CC  7331/40975 high vs low —— 1.18 (1.05; 1.34)

Matison et al, 2021 7 7C 4956/79917 high vs low - 1.15(1.04; 1.26)

Molendijk et al, 2018 10 10C NA/84870 high vs low - 1.05 (0.99; 1.12)

0.5 0.7 1 1.5 2
n of Reference n of events (cases)/ . Mean difference Mean difference Strength

Study studies  design total (controlsy ~ Comparison (95% CI) (95% CI)  of evidence

Iguacel et al, 2020 5 3CS,1C,1RCT NA/3127 vegan vs omnivores —I—— —1.94 (-5.49; 1.61)

Iguacel et al, 2020 7 5CS,1C,1RCT NA/3607 veget vs omnivores —_— -0.07 (-1.62; 1.49)

Einetal, 2019 9 9RCT 345/345 pre vs post VLCD — -0.73 (-1.20; -0.25)

Firth et al, 2019 16 16 RCT 18746/27080 no dietary intervention vs i 0.27 (0.10; 0.45)

all dietary interventions
ggf;:::?(l:rgzggf 13 13 NA 8057/41832 veget vs omnivores -._ 021 (0.06; 0.36)
-4 -2 0 2 4

Figure 2 Summary and strength of evidence of all meta-analyses reporting association betweendietary patterns and depression in
adults. Dark green = convincing evidence; light green = highly suggestive evidence; orange = suggestive evidence; yellow = weak evi-
dence; gray = no evidence. Abbreviations: C, cohort; CC, case—control; CS, cross-sectional; DII, Dietary Inflammatory Index; NA, not available;
RCT, randomized controlled trial; veget, vegetarian; VLCD, very-low calorie diet

observed in a very-low-calorie diet intervention meta-
analysis (n = 345 subjects).*” All but 2'"'> of the meta-
analyses assessed the quality of the included original
studies with a validated scale. In the harmonized meta-
analysis of Nicolaou et al,** a quality score was not
used, since the data were obtained from a consortium
project and not from a systematic review. However, 17
out of 19 studies used validated tools, and 9 out of 19 of
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them did not account for risk of bias when interpreting/
discussing the results of the meta-analysis (see Table S4
in the Supporting Information online’'"**->%),

The methodological quality of the included meta-
analyses, determined by the AMSTAR-2 questionnaire,
was high-to-moderate in 6 articles, low in 6, and criti-
cally low in 7 articles (see Table2). For each included
meta-analysis, the complete AMSTAR-2 evaluation is

Nutrition Reviews® Vol. 00(0):1-14
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reported in detail in TableS4 in the Supporting

. . 9-11,38-53
Information online.

Strength of evidence

Figure2, "'"**7>% shows the strength of evidence for
each meta-analysis, estimated on the basis of the follow-
ing criteria: level of significance for both random- and
fixed-effect calculations, sample size, heterogeneity,
95% PI, and the presence of small study effects. Detailed
information on the assessment of the strength of the ev-
idence is reported in Tables S5 and S6 in the Supporting
Information online.” "%~

Among all the dietary patterns evaluated, a higher
adherence to the MedDiet and lower DII (indicating a
lower adherence to an inflammatory diet) were associ-
ated with a lower risk of depression with the highest
level of evidence (see Figure2 °~'',>*>%). Looking at the
MedDiet, 1 meta-analysis, which only included cross-
sectional data, found convincing evidence®® (random
effect size: .87 [95% CI; .84; .91)], while 2'%*° found
highly suggestive evidence. The first 1 only included
prospective data (.88 [95% CI; .80; .96)], whereas the
second pooled both cross-sectional and prospective
data (0.69 [95% CI; 0.59; 0.82]). As for the DII, it was
found that a pro-inflammatory diet as estimated by a
higher DII score was associated with an increased risk
of depression in a meta-analysis that included both
cross-sectional and cohort studies; furthermore, highly
suggestive evidence was found that higher DII score is
associated with an increased risk of prevalent (1.26
[95% CI; 1.17; 1.37]) and incident depression (1.21
[95% CI; 1.12; 1.32]) in a meta-analysis that estimated
the risk stratified by study design.’® Moreover, highly
suggestive evidence was also found that a lower DII
score is associated with lower incidence of depression
(.71 [95% CI; .60; .84])."

The relationship between healthy dietary patterns
and risk of depression was assessed in 8 articles, for a
total of 9 unique meta-analyses (1 article reported sepa-
rately the effect size for cross-sectional and prospective
cohort studies). Of these, 2** reported suggestive evi-
dence for an association between healthy dietary pat-
terns and depression (.84 [95% CI; .76; .92] and .64
[95% CI; .57; .72], respectively), while the other 7
reported weak or no evidence. Regarding DASH, vege-
tarian and Western diets, the strength of evidence was
graded as weak. In addition, in the meta-analysis on the
vegetarian diet,"” both observational data and RCTs
were included in the pooled analysis, and this may have
biased the results. Weak evidence was also found for the
2 meta-analyses of RCTs on VLCD,* and all dietary
interventions vs no intervention.*’

Nutrition Reviews® Vol. 00(0):1-14

DISCUSSION

The current umbrella review provides an overview and
assesses the quality and strength of the available meta-
analytic evidence on the association between dietary
patterns and risk of depression. The overall analysis
comprised 19 meta-analyses of both observational stud-
ies and RCTs. Approximately 70% (13 out 19) of the in-
cluded meta-analyses had low methodological quality,
and therefore the strength of evidence in these studies,
assessed using evidence classification criteria, was weak.
Among all the dietary patterns/dietary interventions an-
alyzed, the largest number of meta-analyses was found
for healthy dietary patterns (as a whole), followed by
MedDiet. The most consistent evidence was reported
for MedDiet and DII, with convincing evidence that a
MedDiet or a diet with a low pro-inflammatory score is
associated with a reduced risk of depression. Regarding
healthy dietary patterns, highly suggestive evidence was
also found, but these results should be interpreted with
caution, since a high heterogeneity was detected, both
in the definition of “healthy”, and in the dietary patterns
included in each meta-analysis. Finally, weak or no evi-
dence was reported for the DASH, vegetarian, and
Western diets, as well as for the meta-analyses of RCTs
on VLCD and other dietary interventions.

The MedDiet is a dietary pattern mainly based on
limited intake of red and processed meat and high con-
sumption of fruit and vegetables, legumes, fish, whole
grains, extra virgin olive oil, and nuts,”* whereas the
DII is a validated measure of the inflammatory potential
of the overall diet.” The protective effects of higher ad-
herence to the MedDiet and a low DII score for risk of
depression may be explained by their anti-
inflammatory effects; indeed, previous evidence sug-
gests a proinflammatory status in subjects with depres-
sion.”>” Their potential anti-inflammatory effect can
be due to the high content of antioxidants, such as B-
carotene and polyphenols, contained in fruit and vege-
tables, and olive oil. In particular, a high content of pol-
yphenols seem to have direct neuroprotective effects.”®
Fruit and vegetables are also rich in folate, which is in-
volved in the synthesis of some neurotransmitters, such
as dopamine and serotonin, which are both associated
with mood regulation.”® Actually, a deficiency of folates
may be associated with an increased level of homocyste-
ine, which in turn is associated with lower concentra-
tion of S-adenosylmethionine, the universal methyl
donor involved in the synthesis of several neurotrans-
mitters, including dopamine and  serotonin.”
Moreover, fruit and vegetables are high in fibre, which
plays an important role in the well-being of the gut
microbiota® and the interconnection between gut and
brain.””°" It seems that an alteration of this microbiota
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(dysbiosis) increases the release of lipopolysaccharides
from bacteria, which in turn activate an anti-
inflammatory reaction.’” In this context, a growing
number of studies suggests a beneficial association be-
tween probiotics supplementation and the treatment of
depression among depressed patients.®”** The anti-
inflammatory effect might also be due to the long-chain
omega-3 polyunsaturated fatty acids of fish and nuts,
which might play a role in reducing the level of inflam-
mation and improving the neurotransmission, through
improved fluidity of the cellular membranes.®”
Preliminary evidence has suggested that depressed sub-
jects supplemented with omega-3 polyunsaturated fatty
acids potentially showed a reduction in plasma nor-
adrenaline and cortisol stimulated by mental stress.*®
On the other hand, the pro-inflammatory properties of
foods included in the Western diet (eg, red and proc-
essed meat, refined grains, sweets, and ultra-processed
foods) may explain the detrimental effect of this dietary
pattern.57’67’7o However, even if most of the available
evidence explored the association between single
nutrients or food groups and depression,”’””* in real
life, people consume meals composed of a combination
of many foods and nutrients that interact with one an-
other. Thus, even though discussing potential beneficial
or detrimental effects of individual food components is
useful for better understanding of the biological mecha-
nisms, it is also important to consider that there is likely
no 1 food/nutrient that is responsible for the final effect.
Instead, the dietary pattern as a whole is what should be
considered, particularly because it is considered 1 of the
lifestyle factors.

This umbrella review highlights several critical
aspects in the literature. First, the total number of avail-
able review articles is relatively low, probably indicating
that this is a relatively new research topic that needs
more studies. The second critical aspect is that approxi-
mately half of the included articles had low quality in
the current assessment. Third, the inclusion/exclusion
criteria set by most of the included meta-analyses were
not well defined, resulting in high heterogeneity of the
dietary patterns considered. Also, depression was very
heterogeneously defined: many different scales were
used, and in some cases these were not validated. Last,
the cut-offs used for assessing both dietary pattern ad-
herence and depression might have led to misclassifica-
tion of subjects. In future studies, the methods for
assessing adherence to various dietary patterns need
standardization, as do the assessment and definition of
depression: the development of international recom-
mendations for future research is needed. Based on the
data retrieved and their analysis, it can be affirmed that
future studies need a more coherent and uniform meth-
odology (both in assessing diet and in the diagnosis of
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depression), with detailed reporting of interventions,
participant characteristics, sample sizes, and outcome
data. This approach would allow a more precise quanti-
fication of the relationship between dietary patterns and
depression. In spite of the above-mentioned weakness
of the included meta-analyses, the most consistent find-
ings were that a higher adherence to a Mediterranean
diet or a low pro-inflammatory diet were associated
with a lower risk of depression. None of the included
meta-analyses found that dietary patterns had a detri-
mental effect in terms of depression, except for the
Western diet.”'**

Limitations and strengths

This study has several strengths and limitations. First,
since an umbrella review is a systematic review of meta-
analyses, it depends on the quality of the included
meta-analyses and cannot correct for potential omis-
sions or overlapping of original studies, as with any
other systematic review. In addition, as in all umbrella
reviews, it is possible that very recent individual studies
were not part of the meta-analyses included. Second,
based on the same assumption, the quality of this um-
brella review and its corresponding conclusions might
be affected by the limitations of the meta-analyses in-
cluded; these meta-analyses were heterogeneous in
terms of framing the question and definition of criteria,
comparisons, and populations. Dietary exposure was
heterogeneously measured in the original studies, and
the included meta-analyses did not differentiate be-
tween the several possible methods available for assess-
ing dietary patterns (they had different questionnaires
for the same dietary patterns, or different analytical
approaches, eg, a priori or a posteriori analysis).
Moreover, dietary research is intrinsically affected by
several methodological challenges, which include mea-
surement and quantification of dietary intakes, but also
recall bias, misreporting, misclassification, and mea-
surement error. Third, the current umbrella review was
limited by the relatively low number of available meta-
analyses, particularly referring to meta-analyses of
RCTs. Fourth, due to the relatively low number of ob-
servational meta-analyses available and the absence of
specific subgroup meta-analysis, it was not possible to
specifically assess the association between dietary pat-
terns and different depressive outcomes (eg, separating
early-onset or later-life depression, depressive disorder,
depressive symptoms, or antidepressant drugs use).
Despite these limitations, there are some strengths. All
possible dietary patterns or diet interventions in associ-
ation with depression were included, offering a compre-
hensive and systematic overview of the available

Nutrition Reviews® Vol. 00(0):1-14
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evidence. Moreover, the quality and the strength of the
evidence were both assessed.

CONCLUSIONS

In conclusion, in the present umbrella review all the
available meta-analyses on dietary patterns and depres-
sion were collected and assessed. This study shed light
on the strengths and limitations of the available evi-
dence, and the results suggest that the MedDiet as well
as anti-inflammatory diets can be protective against the
development of depression. This finding needs to be
substantiated by high-quality RCTs. Further studies
adopting more coherent and uniform methodology and
analyses, and detailed reporting of participant charac-
teristics, sample sizes, and data collection, would allow
a better quantification of the association between vari-
ous dietary patterns and depression.

Acknowledgments

Author contributions. Authors V.G., M.D., D.N,, AA,,
and A.O. designed the study. V.G., D.N,, and M.D.
extracted the data. V.G. and D.N. performed the quality
assessment. V.G. and M.D. analyzed the data. V.G.
wrote the first version of the manuscript. All authors
read and critically revised the paper. All authors ap-
proved the final version of the manuscript.

Funding. No external funding was received to support
this work.

Declaration of Interest. The authors have no relevant
interests to declare.

Supporting Information

The following Supporting Information is available
through the online version of this article at the publish-
er’s website.

TableSI1 Literature search strategy used for each
considered database

Table S2 Detailed exclusion motivations

Table S3 Additional studies’ details

Table S4 Item-by-item methodological quality of
included meta-analyses

Table S5 Assessment across the meta-analyses
reporting association between dietary patterns and
depression

Table S6 Bias assessment of meta-analyses report-
ing association between dietary patterns and
depression

Nutrition Reviews® Vol. 00(0):1-14

20.

21.

22.

23.

24.

25.

26.

27.

28.

REFERENCES

GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Global, re-
gional, and national incidence, prevalence, and years lived with disability for 354
diseases and injuries for 195 countries and territories, 1990-2017: a systematic
analysis for the Global Burden of Disease Study 2017. Lancet.
2018;392:1789-1858.

Gutierrez-Rojas L, Porras-Segovia A, Dunne H, et al. Prevalence and correlates of
major depressive disorder: a systematic review. Braz J Psychiatry.
2020;42:657-672.

Ghaemi NS. On Depression: Drugs, Diagnosis, and Despair in the Modern World.
Baltimore, MD: Johns Hopkins University Press; 2013.

Kupferberg A, Bicks L, Hasler G. Social functioning in major depressive disorder.
Neurosci Biobehav Rev. 2016;69:313-332.

Amerio A, Odone A, Marchesi C, et al. Is depression one thing or many? Br J
Psychiatry. 2014;204:488.

Quirk SE, Williams LJ, O'Neil A, et al. The association between diet quality, dietary
patterns and depression in adults: a systematic review. BMC Psychiatry.
2013;13:175.

Opie RS, O'Neil A, Itsiopoulos C, et al. The impact of whole-of-diet interventions
on depression and anxiety: a systematic review of randomised controlled trials.
Public Health Nutr. 2015;18:2074-2093.

Gianfredi V, Koster A, Odone A, et al. Associations of dietary patterns with incident
depression: the Maastricht study. Nutrients. 2021;13:1034.

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;99:181-197.

Lassale C, Batty GD, Baghdadli A, et al. Healthy dietary indices and risk of depres-
sive outcomes: a systematic review and meta-analysis of observational studies.
Mol Psychiatry. 2019;24:965-986.

Molendijk M, Molero P, Ortuno Sanchez-Pedreno F, et al. Diet quality and depres-
sion risk: a systematic review and dose-response meta-analysis of prospective
studies. J Affect Disord. 2018;226:346-354.

Firth J, Solmi M, Wootton RE, et al. A meta-review of “lifestyle psychiatry”: the role
of exercise, smoking, diet and sleep in the prevention and treatment of mental
disorders. World Psychiatry. 2020;19:360-380.

loannidis JP. The mass production of redundant, misleading, and conflicted sys-
tematic reviews and meta-analyses. Milbank Q. 2016;94:485-514.

Barnard ND, Willett WC, Ding EL. The misuse of meta-analysis in nutrition re-
search. JAMA. 2017;318:1435-1436.

Aromataris E, Fernandez R, Godfrey CM, et al. Summarizing systematic reviews:
methodological development, conduct and reporting of an umbrella review ap-
proach. Int J Evid Based Healthc. 2015;13:132-140.

XuY, Zeng L, Zou K, et al. Role of dietary factors in the prevention and treatment
for depression: an umbrella review of meta-analyses of prospective studies. Trans/
Psychiatry. 2021;11:478.

Higgins JPT, Green S, eds. Cochrane Handbook for Systematic Reviews of
Interventions. Version 5.1.0. Wiley Cochrane Series. The Cochrane Collaboration;
2013.

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ. 2021,372:n71.

Shea BJ, Reeves BC, Wells G, et al. AMSTAR 2: a critical appraisal tool for systematic
reviews that include randomised or non-randomised studies of healthcare inter-
ventions, or both. BMJ. 2017;358:j4008.

Cochran WG. The combination of estimates from different experiments.
Biometrics. 1954;10:101-129.

Higgins JPT, Thomas J, Chandler, J et al., eds. Cochrane Handbook for Systematic
Reviews of Interventions, version 6.1 (updated September 2020). Identifying and
measuring heterogeneity. Cochrane; 2020.

Egger M, Davey Smith G, Schneider M, et al. Bias in meta-analysis detected by a
simple, graphical test. BMJ. 1997;315:629-634.

Sterne JA, Sutton AJ, loannidis JP, et al. Recommendations for examining and
interpreting funnel plot asymmetry in meta-analyses of randomised controlled tri-
als. BMJ. 2011;343:d4002.

Belbasis L, Bellou V, Evangelou E, et al. Environmental risk factors and multiple
sclerosis: an umbrella review of systematic reviews and meta-analyses. Lancet
Neurol. 2015;14:263-273.

Dinu M, Pagliai G, Casini A, et al. Mediterranean diet and multiple health out-
comes: an umbrella review of meta-analyses of observational studies and rando-
mised trials. Eur J Clin Nutr. 2018;72:30-43.

Dinu M, Pagliai G, Angelino D, et al. Effects of popular diets on anthropometric
and cardiometabolic parameters: an umbrella review of meta-analyses of random-
ized controlled trials. Adv Nutr. 2020;11:815-833.

Hibbeln JR, Gow RV. The potential for military diets to reduce depression, suicide,
and impulsive aggression: a review of current evidence for omega-3 and omega-
6 fatty acids. Mil Med. 2014;179:117-128.

Busby E, Bold J, Fellows L, et al. Mood disorders and gluten: it's not all in your
mind! A systematic review with meta-analysis. Nutrients. 2018;10:1708.

13

2202 1800190 /| uo Jasn (ouejipy) sjeeley ues sjepadsO SOOYI A 91.€19/9/8509BNUALINU/SE0 L 0 /I0P/3|01LE-80UBAPE/SMBIASIUONLIINU/WOD dNO"dIWSPEIE//:SdNY WO} POPEOjUMO(]


https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuac058#supplementary-data
https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuac058#supplementary-data
https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuac058#supplementary-data
https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuac058#supplementary-data
https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuac058#supplementary-data
https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuac058#supplementary-data
https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuac058#supplementary-data
https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuac058#supplementary-data
https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuac058#supplementary-data
https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuac058#supplementary-data
https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuac058#supplementary-data
https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuac058#supplementary-data

29.

30.

31

32,

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

14

Sainsbury K, Marques MM. The relationship between gluten free diet adherence
and depressive symptoms in adults with coeliac disease: a systematic review with
meta-analysis. Appetite. 2018;120:578-588.

Shafiei F, Salari-Moghaddam A, Larijani B, et al. Erratum to “Adherence to the
Mediterranean diet and risk of depression: a systematic review and updated
meta-analysis of observational studies.” Nutrition Reviews 2019; 77(4): 230-239.
Nutrition Rev. 2019;77:454.

Lassale C, Batty GD, Baghdadli A, et al. Correction: Healthy dietary indices and risk
of depressive outcomes: a systematic review and meta-analysis of observational
studies. Mol Psychiatry. 2019;24:1094.

Drew R, Morgan P, Pollock E, et al. Mental health outcomes of male-only lifestyle
behaviour change interventions: a systematic review and meta-analysis. J Sci Med
Sport. 2019;22:552-553.

Feldman E. Can quality of diet lower the risk of depressive symptoms? Integr Med
Alert. 2019;22. Available at: https://www.reliasmedia.com/articles/144076-can-
quality-of-diet-lower-the-risk-of-depressive-symptoms.

Azorin |, Huybrechts |, Moreno LA, et al. Vegetarianism and veganism versus men-
tal health and cognitive outcomes. A systematic review and meta-analysis. Ann
Nutr Metabol. 2019;75:49-50.

Lai JS, Hiles S, Hure AJ, et al. Systematic review and meta-analysis of dietary pat-
terns and depression: observational studies. Ann Nutr Metabol. 2013;63:428.
Martinez J, Draime JA, Gardner J, et al. A systematic review of outcomes in food
provision studies for older adults. Conference Abstract. J Am Geriatr Soc.
2016;67:5199.

Grosso G, Micek A, Marventano S, et al. Dietary n-3 PUFA, fish consumption and
depression: a systematic review and meta-analysis of observational studies. J
Affect Disord. 2016;205:269-281.

Askari M, Daneshzad E, Darooghegi Mofrad M, et al. Vegetarian diet and the risk
of depression, anxiety, and stress symptoms: a systematic review and meta-
analysis of observational studies. Crit Rev Food Sci Nutr. 2022;62:261.

Chen G-Q, Peng C-L, Lian Y, et al. Association between dietary inflammatory index
and mental health: a systematic review and dose-response meta-analysis. Front
Nutr. 2021;8:662357.

Ein N, Armstrong B, Vickers K. The effect of a very low calorie diet on subjective
depressive symptoms and anxiety: meta-analysis and systematic review. Int J
Obes. 2019;43:1444-1455.

Fazelian S, Sadeghi E, Firouzi S, et al. Adherence to the vegetarian diet may in-
crease the risk of depression: a systematic review and meta-analysis of observa-
tional studies. Nutr Rev. 2022;80:242-254.

Firth J, Marx W, Dash S, et al. The effects of dietary improvement on symptoms of
depression and anxiety: a meta-analysis of randomized controlled trials.
Psychosom Med. 2019;81:265-280.

Iguacel |, Huybrechts I, Moreno LA, et al. Vegetarianism and veganism compared
with mental health and cognitive outcomes: a systematic review and meta-analy-
sis. Nutr Rev. 2020;79:361-381.

Li 'Y, Lv MR, Wei YJ, et al. Dietary patterns and depression risk: a meta-analysis.
Psychiatry Res. 2017;253:373-382.

Matison AP, Mather KA, Flood VM, et al. Associations between nutrition and the
incidence of depression in middle-aged and older adults: a systematic review and
meta-analysis of prospective observational population-based studies. Ageing Res
Rev. 2021;70:101403.doi:10.1016/j.arr.2021.101403

Nicolaou M, Colpo M, Vermeulen E, et al. Association of a priori dietary patterns
with depressive symptoms: a harmonised meta-analysis of observational studies.
Psychol Med. 2020;50:1872-1883.

Ocklenburg S, Borawski J. Vegetarian diet and depression scores: a meta-analysis.
J Affect Disord. 2021;294:813-815.

Psaltopoulou T, Sergentanis TN, Panagiotakos DB, et al. Mediterranean diet,
stroke, cognitive impairment, and depression: a meta-analysis. Ann Neurol.
2013;74:580-591. doi:10.1002/ana.23944

Shafiei F, Salari-Moghaddam A, Larijani B, et al. Adherence to the Mediterranean
diet and risk of depression: a systematic review and updated meta-analysis of ob-
servational studies. Nutr Rev. 2019;77:230-239.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Tolkien K, Bradburn S, Murgatroyd C. An anti-inflammatory diet as a potential in-
tervention for depressive disorders: a systematic review and meta-analysis. Clin
Nutr (Edinburgh, Scotland). 2019;38:2045-2052.

Wang J, Zhou Y, Chen K, et al. Dietary inflammatory index and depression: a
meta-analysis. Public Health Nutr. 2019;22:654-660.

Wu PY, Chen KM, Belcastro F. Dietary patterns and depression risk in older adults:
systematic review and meta-analysis. Nutr Rev. 2020;79:976-987.

Wu PY, Lin MY, Tsai PS. Alternate healthy eating index and risk of depression: a
meta-analysis and systematic review. Nutr Neurosci. 2020;23:101-109.
Trichopoulou A, Martinez-Gonzalez MA, Tong TY, et al. Definitions and potential
health benefits of the Mediterranean diet: views from experts around the world.
BMC Med. 2014;12:112.

Shivappa N, Steck SE, Hurley TG, et al. Designing and developing a literature-
derived, population-based dietary inflammatory index. Public Health Nutr.
2014;17:1689-1696.

Lee CH, Giuliani F. The role of inflammation in depression and fatigue. Front
Immunol. 2019;10:1696.

Marx W, Lane M, Hockey M, et al. Diet and depression: exploring the biological
mechanisms of action. Mol Psychiatry. 2021,26:134-150.

Estruch R. Anti-inflammatory effects of the Mediterranean diet: the experience of
the PREDIMED study. Proc Nutr Soc. 2010;69:333-340.

Miller AL. The methylation, neurotransmitter, and antioxidant connections be-
tween folate and depression. Altern Med Rev. 2008;13:216-226.

Jacka FN. Nutritional psychiatry: where to next? EBioMedicine. 2017;17:24-29.
Sandhu KV, Sherwin E, Schellekens H, et al. Feeding the microbiota-gut-brain
axis: diet, microbiome, and neuropsychiatry. Trans/ Res. 2017;179:223-244.
Limbana T, Khan F, Eskander N. Gut microbiome and depression: how microbes
affect the way we think. Cureus. 2020;12:€9966.

Liu RT, Walsh RFL, Sheehan AE. Prebiotics and probiotics for depression and anxi-
ety: a systematic review and meta-analysis of controlled clinical trials. Neurosci
Biobehav Rev. 2019;102:13-23.

Akkasheh G, Kashani-Poor Z, Tajabadi-Ebrahimi M, et al. Clinical and metabolic re-
sponse to probiotic administration in patients with major depressive disorder: a
randomized, double-blind, placebo-controlled trial. Nutrition. 2016;32:315-320.
Endo J, Arita M. Cardioprotective mechanism of omega-3 polyunsaturated fatty
acids. J Cardiol. 2016;67:22-27.

Larrieu T, Laye S. Food for mood: relevance of nutritional omega-3 fatty acids for
depression and anxiety. Front Physiol. 2018;9:1047.

Moore K, Hughes CF, Ward M, et al. Diet, nutrition and the ageing brain: current
evidence and new directions. Proc Nutr Soc. 2018;77:152-163.

Nucci D, Fatigoni C, Amerio A, et al. Red and processed meat consumption and
risk of depression: a systematic review and meta-analysis. Int J Environ Red Public
Health. 2020;17:6686.

Pagliai G, Dinu M, Madarena MP, et al. Consumption of ultra-processed foods and
health status: a systematic review and meta-analysis. Br J Nutr. 2021;125:308-318.
Lane MM, Davis JA, Beattie S, et al. Ultraprocessed food and chronic noncommu-
nicable diseases: a systematic review and meta-analysis of 43 observational stud-
ies. Obes Rev. 2021;22:¢13146.

Sanchez-Villegas A, Alvarez-Perez J, Toledo E, et al. Seafood consumption, omega-
3 fatty acids intake, and life-time prevalence of depression in the PREDIMED-plus
trial. Nutrients. 2018;10:2000.

Nabavi SM, Daglia M, Braidy N, et al. Natural products, micronutrients, and nutraceut-
icals for the treatment of depression: a short review. Nutr Neurosci. 2017;20:180-194.
Gianfredi V, Bragazzi NL, Nucci D, et al. Design and validation of a self-
administered questionnaire to assess knowledge, attitudes and behaviours about
Zika virus infection among general population in Italy. A pilot study conducted
among Italian residents in public health. Epidemiol Biostat Public Health.
2017;14:¢12662-1-e12662-8.

Liu X, Yan Y, Li F, et al. Fruit and vegetable consumption and the risk of depres-
sion: a meta-analysis. Nutrition. 2016;32:296-302.

Toth B, Hegyi P, Lantos T, et al. The efficacy of Saffron in the treatment of mild to
moderate depression: a meta-analysis. Planta Med. 2019;85:24-31.

Nutrition Reviews® Vol. 00(0):1-14

2202 1800190 /| uo Jasn (ouejipy) sjeeley ues sjepadsO SOOYI A 91.€19/9/8509BNUALINU/SE0 L 0 /I0P/3|01LE-80UBAPE/SMBIASIUONLIINU/WOD dNO"dIWSPEIE//:SdNY WO} POPEOjUMO(]


https://doi.org/10.1016/j.arr.2021.101403
https://doi.org/10.1002/ana.23944

	tblfn3
	tblfn4
	tblfn5
	tblfn6
	tblfn7
	tblfn8
	tblfn9
	tblfn10



