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ABSTRACT

Objective: Poor diet can be detrimental to mental health. However, the overall evidence for the effects of dietary interventions on mood
and mental well-being has yet to be assessed. We conducted a systematic review and meta-analysis examining effects of dietary interven-
tions on symptoms of depression and anxiety.

Methods: Major electronic databases were searched through March 2018 for all randomized controlled trials of dietary interventions
reporting changes in symptoms of depression and/or anxiety in clinical and nonclinical populations. Random-effects meta-analyses were
conducted to determine effect sizes (Hedges' g with 95% confidence intervals [CI]) for dietary interventions compared with control con-
ditions. Potential sources of heterogeneity were explored using subgroups and meta-regression analyses.

Results: Sixteen eligible randomized controlled trials (published in English) with outcome data for 45,826 participants were included; the
majority of which examined samples with nonclinical depression (z = 15 studies). Nonetheless, dietary interventions significantly reduced
depressive symptoms (g = 0.275, 95% CI = 0.10 to 0.45, p = .002). Similar effects were observed among high-quality trials (g = 0.321,
95% CI=0.12 t0 0.53, p = .002) and when compared with both inactive (g = 0.308, 95% CI = 0.02 to 0.60, p = .038) and active controls
(g=0.174, 95% CI=0.01 to 0.34, p = .035). No effect of dietary interventions was observed for anxiety (k= 11, n =2270, g =0.100, 95% CI =
—0.04 to 0.24, p = .148). Studies with female samples observed significantly greater benefits from dietary interventions, for symptoms of
both depression and anxiety.

Conclusions: Dietary interventions hold promise as a novel intervention for reducing symptoms of depression across the population. Fu-
ture research is required to determine the specific components of dietary interventions that improve mental health, explore underlying
mechanisms, and establish effective schemes for delivering these interventions in clinical and public health settings.

Registration: PROSPERO Online Protocol: CRD42018091256.
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SYSTEMATIC REVIEW/META-ANALYSIS

INTRODUCTION

epressive disorders affect more than 300 million people around
D the world and are associated with unemployment, poor physical
health, impaired social functioning, and, in its most severe forms,
suicide (1). Thus, depressive disorders incur considerable burden
not only for individuals but also for society because of the high
economic cost from lost productivity and demand on healthcare
services (2). The same can be said for anxiety disorders, which,
along with depression, are also classified as “common mental
disorders” because of their prevalence across the globe, with
approximately one in five people experiencing one of these
conditions for any given year (3). Standard treatments for com-
mon mental disorders comprise psychopharmacological and
psychotherapeutic interventions. Although these have established
efficacy in depression, a substantial proportion of people do not
achieve remission using such strategies (4).

Furthermore, subclinical symptoms of depression and anxiety
are also highly prevalent across the general population, among
those without clinically diagnosed common mental disorders. These
symptoms, although falling short of diagnostic thresholds, still im-
pede upon quality of life and socio-occupational functioning, incur-
ring even further personal and economic burden on a population
scale (5). Therefore, new primary and/or adjunctive methods to
address symptoms of depression and anxiety across the population
are urgently needed.

Emerging evidence suggests that diet may influence the onset
of mood disorders and specifically depression. For instance, many
studies described in recent systematic reviews have demonstrated
associations between measures of diet quality and the probability
of and risk for depression (6,7). Moreover, proinflammatory die-
tary patterns are also associated with a significantly higher inci-
dence of depressive symptoms, even among those without diagnosed
mental disorders (8—10). A previous systematic review examined
the benefits of various dietary interventions for depressive symp-
toms and anxiety, but using only narrative synthesis (11). Results
generally suggested positive effects of dietary interventions
on subclinical depression and anxiety, measured as secondary
outcomes (11). However, the previous review did not apply
meta-analytic techniques to quantify the findings and the results
did not include recent interventions in clinical populations,
Thus, it remains unclear if dietary interventions can improve
symptoms of depressive and anxiety (in either clinical or nonpsy-
chiatric samples) and the magnitude of any effects. Moreover, the
potential influence of moderators such as sex, professional deliv-
ery, or the quality of studies on treatment outcomes is uncertain.
Therefore, we aimed to determine the efficacy of dietary interven-
tions for symptoms of depression and anxiety by conducting a
meta-analysis of all randomized controlled trials (RCTs) examin-
ing this therapeutic strategy to date. We also used subgroup anal-
yses to examine effects of dietary interventions on depression/
anxiety in both clinical and nonclinical populations and to explore
which aspects of these are associated with any potential greater
efficacy. The findings of this meta-analysis will provide the first
overall estimate of the efficacy of dietary interventions for reducing
symptoms of depression and anxiety, along with informing self-
management strategies for people with these conditions, and sug-
gest directions for future research.
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Cl = confidence interval, MDD = major depressive disorder, RCT =
randomized control trial

METHODS

This meta-analysis followed the PRISMA statement for transparent, com-
prehensive reporting of methodology and results (12). To eliminate re-
searcher bias, the search strategy, inclusion criteria, and data extraction,
overall and prespecified subgroup analyses used in this meta-analysis were
prospectively registered with PROSPERO (CRD42018091256).

Search Strategy

The primary search was performed using OVID Medline on December 03,
2018, in line with the preregistered protocol, using the key word terms
“Diet” with “Mediterranean” or “Therapy” or “Educat*” or “Counsel*”
or “Intervention*” or “Treatment*” AND “Randomized Controlled Trial”
or “Random Allocation” or “Clinical Trial” or “Control Groups” AND
“Depression” or “Anxiety” or “Depressive Disorder.” We performed addi-
tional searches of Cochrane Central Register of Controlled Trials, Health
Technology Assessment Database, Allied and Complementary Medicine
(AMED), Embase, Health Management Information Consortium (HMIC),
and PsycINFO, using the same keywords, along with a further general
search of “Google Scholar” to capture any articles not captured by the main
search. The full search details are presented in Supplemental Digital Con-
tent 1, http:/links.lww.com/PSYMED/A537.

Eligibility Criteria
Only English articles published in peer-reviewed journals were included.
We aimed to determine effects of dietary interventions on symptoms of de-
pression and anxiety in all clinical and nonclinical populations, including
depression (e.g., major depressive disorder [MDD]) or anxiety, comorbid
depression, and anxiety, and in samples with depressive/anxiety symptoms
that did not reach clinical thresholds. No restrictions were placed on diagnosis
or any other clinical or demographic characteristics of eligible samples.
Eligible studies were RCTs comparing the effect of dietary interven-
tions to nondietary control conditions. All “whole-of-diet” dietary interven-
tions were eligible, delivered via any format, including individualized dietary
counseling, group dietary classes, and standardized dietary prescription. In
addition, all “types” of diet were eligible, including those primarily aiming
to decrease the intake of unhealthy foods, improve nutrient intake, and/or
those designed to restrict calorie intake to order induce weight loss. Because
we aimed to establish the effects of whole-of-diet interventions for depression
and anxiety, rather than examining only individual foods/nutrients, interven-
tions focusing only on a single food component (e.g., eating more fish) were
not included. Multicomponent life-style interventions were only eligible
where comparator conditions had adequately controlled for active nondietary
aspects of the intervention. For instance, multicomponent interventions such
as “exercise with diet” would only be eligible if compared with an “exercise
alone” control condition, so that the effects of the dietary component could be
accurately determined. Crossover trials were only included where between-
group differences from the first leg of the crossover trial were reported (so
that parallel groups comparisons could be performed from the data).
Studies using both “inactive control groups” and “active control groups”
were eligible for inclusion. Inactive control groups were classified as those in
which participants maintained their habitual diets and received no additional
active intervention during the trial period (or put onto a “waitlist” until pre-
and postmeasures had been collected from both groups). Conversely, “active
control groups” were categorized as any that compared diet with other active
interventions or used comparator conditions designed to control for general
“intervention effects” using either (@) benign interventions not aiming to treat
depression/anxiety, (b) psychosocial interventions, e.g., social support,
counseling, or exercise, or (¢) other forms of activities, such as “time and
attention”—matched patient contact.
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All studies matching the previous criteria and reporting changes in at
least one quantitative measure of depression or anxiety with sufficient detail
for meta-analysis were included. Two independent investigators judged ar-
ticle eligibility (JF and RC) with any disagreements resolved through dis-
cussion. Where study design matched eligibly criteria, but data were
insufficiently reported, study authors were contacted twice for 2 months
to request the necessary data.

Data Extraction
A systematic extraction form was used to extract the following data from
each eligible study:

(i) Sample information: sample size (1), sex (% females), mean age of participants
(years), population sampled health status (diagnostic information or relevant in-
clusion criteria),

(ii) Intervention: primary aim of dietary change (e.g., weight loss or increasing nu-
tritional intake), dietary program summary, individual delivering the interven-
tion (e.g., dietitian or researcher), any additional intervention components
(e.g., in-person or remotely delivered nondietary additions), control condition,
intervention length (weeks).

(iii) Effects on depressive or anxiety symptoms: changes in total depressive/anxiety
symptoms before and after dietary and control conditions, using any clinically
validated rating scale. For studies that used more than 1 measure of depression,
a mean total change was calculated by pooling outcomes from each measure.

Study quality was determined through applying the quality criteria from
the Academy of Nutrition and Dietetics (formerly the American Dietetic
Association [ADA]) in the ADA quality assessment tool (13). This applies
set criteria for examining allocation bias, selection bias, blinding, data col-
lection, trial retention (along with methods of handling dropouts), and in-
terventional adherence. Each study was categorized as positive, negative,
or neutral using the standardized “quality consideration questions” de-
scribed in the ADA Evidence Analysis Manual (13). All studies were in-
cluded in the meta-analysis, regardless of ADA rating.

Statistical Analyses

Meta-analyses were conducted using Comprehensive Meta-Analysis 2.0
(14), using a random-effects model (15) to account for the expected hetero-
geneity between studies. The total difference in changes in symptoms of de-
pression and anxiety from dietary interventions versus control conditions
were pooled to compute the overall effect size of dietary interventions (as
Hedges g), with 95% confidence intervals (CI). For RCTs reporting compar-
isons of dietary interventions with more than one control group, we pooled
comparisons with each control group to generate an overall estimated effect
of dietary interventions, to make use of all available data. For the one study
reporting sex groups separately (16), a combined estimate across both sexes
was calculated as Hedges g effect size and used for primary analyses. After
computing main effects, a sensitivity analysis was applied to investigate ef-
fects of dietary interventions in RCTs that had a “positive” ADA rating.

The degree of statistical heterogeneity in the meta-analyses was quanti-
fied using Cochran's O and I values. Risk of publication bias was exam-
ined by applying Eggers' regression to all previously mentioned analyses.
Furthermore, a Duval and Tweedie's “trim-and-fill” analysis was applied
to the random-effects models, to recalculate the pooled effect size after sta-
tistically accounting for any studies that may introduce publication bias
(e.g., small studies with large effect sizes). In addition, a funnel plot of
study effect sizes was generated from primary analyses, for a visual inspec-
tion of publication bias.

Prespecified subgroup analyses were conducted to examine how effects
of dietary interventions differed when (a) comparing diet with either
waitlist/inactive control conditions or active control conditions, (b) in “clin-
ical” (i.e., patients with diagnosed depressive/anxiety disorder) and “non-
clinical” (i.e., people without diagnoses of depression or anxiety), or (c)
comparing interventions that had combined “diet with exercise” to control
groups using exercise alone. In addition, we conducted a range of post hoc
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analyses, to examine putative factors that may influence the effects of die-
tary interventions. Specifically, we examined how changes in depressive
symptoms were influenced the following factors: studies' sex distribution,
mean sample age, type of diet used, how the intervention was delivered, in-
tervention length (weeks), and study quality (measured with ADA scale).

RESULTS

Included Studies and Participant Details
The full search and screening process are shown in Supplemental
Digital Content 1, http://links.Iww.com/PSYMED/AS537. After the
removal of duplicate articles from the systematic search of elec-
tronic databases, 26 articles were identified as potentially eligible
after the title and abstract screening stage. Screening of the full-text
versions resulted in 10 of these being excluded, and 16 identified as
eligible for inclusion. The additional search of Google Scholar iden-
tified further two possible trials, although these were deemed ineli-
gible after full-text screening. Details on the ineligible articles and
reasons for exclusion are displayed in Supplement 1, Supplemen-
tal Digital Content 1, http://links.lww.com/PSYMED/AS537.
Therefore, a total of 16 RCTs were included in the analyses;
reporting outcome data from 45,826 individuals (median average
age = 55 years, range = 21-85 years). The results from the ADA
Quality Assessments for each study are displayed in Supplemental
Digital Content 2, http:/links.lww.com/PSYMED/A538. This showed
that only one study scored 12/12 for study quality (17), 10 others met
the criteria for positive on ADA scale by scoring 9 or higher (catego-
rized as “high quality”) (18-27), and five studies scored lower than 9
(categorized as low/neutral quality) (16,28-31). One reported out-
come data in a format not suited for meta-analysis, but the corre-
sponding authors provided the required data for inclusion (23).
Depressive symptoms were measured by all 16 studies,
whereas anxiety outcomes were measured by only 11 of the
16 eligible trials. Changes in symptoms were assessed using
the total scores from the following measures: “Centre for Epi-
demiological Studies Depression” (19,22,32); the “Beck De-
pression Inventory” (16,21,27,28,33); the “Hamilton Rating
Scale for Depression” (28,34); the “Montgomery-Asberg Depression
Rating Scale” (17,35); the Geriatric Depression Scale (23,29,36), the
Taylor Manifest Anxiety Scale (16,37), and the subscale scores for
depression/anxiety from the following measures: the “Hospital
Anxiety Depression Scale” (17,20,26,38); the Short-Form Health
Survey (18,27,39); the Brief Symptom Inventory (24,25,28,40);
the Profile Of Mood States (41) (17Wardle, 2000 #10083, 30,
31), and the General Well-Being Schedule (31,42). However, only
one study examined the effects of a dietary intervention in a sample
with primary diagnosis of clinical depression (17), with all the remain-
ing studies examining effects on comorbid, subclinical, or secondary
symptoms of depression/anxiety (see Table 1 for details). Across the
different types of diets used by the studies, nine interventions were
primarily aimed at improving nutrient intake (» = 9), four aimed
to decrease fat intake (n = 4), and four were designed to reduce
bodyweight (n = 4). The specifics of dietary interventions differed
substantially across studies, and summaries for each are displayed
in Table 1. Interventions ranged from 10 days to 3 years in length.

Overall Effects of Dietary Interventions on Depression
Figure 1 displays the pooled effect size from dietary interventions
on depressive symptoms, along with individual effects from each

April 2019


http://links.lww.com/PSYMED/A537
http://links.lww.com/PSYMED/A537
http://links.lww.com/PSYMED/A538

2]
%2]
-
<
Z
<
<
L
3
=
=
P
kL
[~
<
[
<
>
L
[
w
>
w

‘so|nsded ogade|d
By Joio oy
‘V4Nd €-U dA19a1
0) paziwopues os|e
SUONIPUOD [0UOD
pueJalp yioq
SAvH ut sjenpialput o jleH

‘ow 9 AloAd
1SIUONLANU LRIM JoW

sjuedidiley "SaL0[ed 9dNpal

0} pageInodua sjenplAlpul
1YSIoMIaAQ siey |ewiue
pue jeawW Jo asn aseaidsap
pue ‘ysy pue ‘ss|qejagen
pue 3iny ‘suedrew/sio
9|qe1agdaA JO Bsn asealdul
0} )siuonLINU [ed1UlD

© woJj 3uiesunod Aseai(

(way-9
payipow) d-s30

*(s9[edsqgns Ajaixue
pue uoissaidap) 9¢-4S

‘9yrul Ued pue
‘9|qe1a8aA ‘inuy Suisealdul
9]Iym ASisus Ajrep jo
%0 01 ejul Jej 9dNpal
0} papirold sem uonednpa
Arejalp ‘sisiuonLnu
Aq Sumes dnoi e ul

SUON paJaAlfep ‘suoissas g SuunQ
"19IP UBGDA JBJ-MO]| DY) 10}
9|qelns spooy papiaoid osje
seLi9)efed 9de|dNIOAA “pleoq
93eSSaLU BUI|UO dANDRIDI
ue Aq papiroid sem
poddns Sulo8uQ “uoissnosip
pue ‘suopensuowsp
3upj00d ‘saimda|
uoIEdNPa UoOHLINU Papn|oul
SUOISsas dnoun) yiom Je
suoIssas dnoid anoy-youn|
Apoam ur Apnis ay)
Inoy3nouyy ayy 1oy papiroid
sem JuswaSeinodug PIp
UBZ9A 18)-MO| B MOJ||O} O}

payse a1om sjuedidnied

e} 0) PasIApe
os|e sjuedidied

quaws|ddns v4Nd
¢-u/ogade|d yum adiape
AJe1aIp OU SNSI9A
Jusw|ddns v4Nd
¢-u/ogade|d e yum
pauIquIod adIApe
Areaip Sunedwod

1D¥ ¢ x g edusn
uonuaAIRuI 3|A1s-aj1]

e Jo dn-moj|oy

9AnDadsold Jeak-aauy |

‘uonuaAIRUI Arejaip
ou 0] 19Ip 18J-MO|
Surredwod Apnys

J9A0SS0ID Pa|[0U0D

paziwopues wie-g

's3umas [onuod
SNSISA UOHUSAISIUI
Areaip aoe|dyiom Jo
3M g Sunedwod ‘el

paziwopuel J9isn|d wie-g

‘wesdoud sjAys-ap| e Ul

ued Sunyey Jaye A 67
sojew ysL-y3iy ui
yijeay [edi8ojoydAsd
pue siolreyaq
yjeay seduanpul
Suijesunod Aseaip
Jayvym sujwexy

‘uonu8od pue
‘swoydwiAs
aAIssaidap TOOYH
Uo UONUIAIRUI
191p 18)-MO| B

JO 109))0 9y} SsasSY

"Uijeay [ejusw
UO UONUDAIUI

Arepaip aoejdyiom Jo
S)1JoU( AU} SSASSY

Apnig Sunjowsnuy
pue a1 oJsQ ul

payedionied pey oym (02) 0107
0z zSg/ese eiwepidipadAy tim uaW (e 3e IAug
869'ST A 60§ pase uawiom (61) S10¢C
AN /S€€'/1L Jesnedouaunsod AyyjesH ‘e 19 jessy
sajaqelp ¢ adAy
Jo sisougelp snoiraud (81) S10¢

ey 0S1/¢rL Jlo/pue Gz <|Ng [e 19 [emiedy

S2INSBIN
awodINO
JueAS|9Y

spadsy sjie?qg
UoNUIAIRUI JBYIO uonuanIdu| Arepi(

ugisaq

swiy Apnis

ady ufu
‘louo)
Aa

sjrera a|dwes

SaIpMS papndul Jo sjrelsg °L I1dVL

April 2019

268

Psychosomatic Medicine, V 81 « 265-280



Dietary Improvement for Mental Health

23nd jxau uo panunuo))

‘(suneSrew ~8-9) paijddns
s98UBLOXD POOJ-23i4 oM
J19d 921M] Ysly ‘Aliep Jej-mo|

‘Jeal ues| AWNSUOd 0}
PasIApe pue aejul aqly pue
$9|(e198aA )inuy pasealoul
‘sproe Aney ¢-u p/3 y
‘loimisajoyd p/Bw 0G> ‘Syey
sueJ) pue ey pajelnies wody
182X %01 XeW M |

10} 191 UBBUELIDJIPIN

"ogaoe|d 10 uneIseAws

IENIE A EREY]
1S4 O} paziwopuey
‘syuedidiped o) Ajpdadip
POOJ PaIaAI[Sp 3DIAISS
AIBAIRP SwWoY J93rewadns
e pue ‘papiroid sem
uonewloyul azis uonlod
pue 51s9338ns nusw pue
‘sqeieAe uaym papiroid
3IaM s)Inj ‘s3|qe1aSan
‘spejes pasedaid-aid
}99M B 9DUO 15e3| 1B SInU
aWNsuod pue jeam Jad
9DIM] YSI} SWINSUOD ‘pealq
uresd sjoym swinsuod
‘Aep uad sa|qeja8on pue
s)nj Jo suoniod dAl 1ses|
18 3WNSUOD 0} Padse

‘S|eJsulw pue
SUILLE)IA UIRLIDD JO
eyl Suiseadul Jo
uonuaul ‘sadusiaaid
uo paseq sjuedidnied
0] paio|ie) sem
Sads uonuaAIRUI Aleel(q
‘ueidisAyd aied
Arewd e woly synpe Japjo
10} uonedNpa uonuINu
Uo 1900q B PaAIdal
dnou8 yuawnean [esipaw
9y "uonNuIApUN JO
AJ119ASS UO paseq Ajisuajul
YlIM ‘ueniaip e wouy
Juswieal) pazijenplAlpul
Suipinoad ‘s3unaaw aAly
paAIgdal dnoid Juswiean
saos SUON

© 0} aiaype 0} pajonijsu|

dnoi8 uonuaaigul Alelaig

aAIsuaul Arejaip ay |

‘(ogeoe|d/UNERISEALUIS +)

1B1p [eniqey pue

(ogede|d/uneIseAwls

+) uonuaAIUI

191P UBBURLIDIPIN

Surredwod [eL 19A0SS0ID

pajjonuod-ogeded
pul|g-9|gnop paziopuey

‘ogede|d pue juaws|ddns

sLInUoIDIW Ajrep

‘uonuaniBul Areaip

1o spaye Sutredwod

[eLl} uonUSAIRUL

pajjonuod-ogadeld
‘paziwopuel v

*(s9sA[eUe-BJOW BY)
Ul pspn|oul Jou sem
yoiym) dnoig pajeanun
POZIWOPUBIUOU B SNSI9A
[euonLINU UO S|eLSleW
Jeuoneonps Ajuo
YIM Juawesl) [edsipaw
SNSISA UOHUSAISIUL
AJeJaIp SAISURIUI U JO
ssauaAIaYe Suledwod
[eLn [ed1ul]d ‘wie-¢

‘unelseAw!s
LIIM JUsWeaI)

pue uonuaAIUIl

191p UBSURLIBNPSIA B JO
S109))9 PauIqIOD pue
ajesedas yloq Jo poow

U0 109)J3 B} SSOSSY 817/t 81 09/09

"3J1] Jo Ayjenb
‘uolissaidap ‘suondsjul
Jo 1oedwi [esiuld

uo uonejusws|ddns
jusLnUoIDIW

pue uonuaAIRUL
ArejaIp e Jo

109)§9 Y} dUILLIRQ

's)|npe Jap|o Suljpmp
Ajunwwod
paystunoujew

JO snjejs [euonLanu
pue yijesy uo
UoRUSAIRUI [RUOHLINU
PaJ-ueNNBIP ‘DAISUIUL

Jo 1oedwi ay) sulwIBIR(

Ayijeay asimiaylo ‘ze>
IWG ‘A 9-6¢ ‘usw
DILWB|049)S3|0Y2IadAY #2) £00C
pajeanun  [e 19 eddAAH

Ajunwiwiod ayy ul

SUIAI YN ‘DIIYSHIOA (€7) T10T
£9/0L/L Unos ul sinpe JeapjO - [e 19 Ja1sioyg
JS-VNW
ay} 0} 8uipiodoe
v_m: _NCO Jnu je
(+A G2) synpe Suljjemp (60 0107

o 4% 65/€€/S€ \ﬁ_c:EEOU \,_w_u_o ‘le 19 Jj]oAepu]

April 2019

269

Psychosomatic Medicine, V 81 « 265-280



2]
%2]
-
<
Z
<
<
L
3
=
=
P
kL
[~
<
[
<
>
L
[
w
>
w

“(J10 910 ‘ysy Aj1o ‘sinu

‘S)IN1y) SPOO) UBSURLIBNIPIIN

UOWILLOD JO dseadul
2y} pue ‘8umas |eos
‘SUIMBIAIBIUI [EUOHRALOW
papN|oUl UOHUSAIRIU| 1DIP
UeaURLIA)IPN PalIpow

B UO paseq uenijalp

M | 1oy poddns [e1dos
0] 191p UeBURLIDNIPI
Sunredwod Apnys

‘uoissaidap Jolew
J10j Judwyeal) B Se

April 2019

|00} SulusaIds
wIp>6/ 81T
SYAVYW ‘AIFWSA 0}
Suipiodoe uoissaidap

(ponunuod) *1 319V1L

‘siadwiey pooy yum B AQ paJaAI[op UONUSAIRUI J9A0SSOID Pa|[0U0D uonuaIduIl Alejalp 2I9AS 0) dJeIoPOL (L1) £10T
SIWOd ‘SAVH ‘S¥avw papiaoid sjuedidiyed uonLINU Pazi[euosIa paziwopuel wie-g B JO 1099 B} $SOSSY €01 yE/c€E YuM + A g1 sinpy ‘e 19 eypoe(
‘3uinjos-wiajqoud pue
‘sa18ayens Suidod
‘Bumas [eo8 ‘Suiioyuow-)|as
3uipndur sjeos ssoj 1ysem m
pue dLIo[ed 9A3IYDE 0} [o\]
S||1)js pue sa1Sarens apnjoul
SU0ISsaS “suoyd/|rew-a
BIA Juow Jad x g suennaip
Y)IM UONEDIUNWIWOD
pUB 3M/X Z SUOISSDS
dnoug [jews “epurewsi
ay} 1o} ddUBURUIBW
puUe M 2 UIYIIM SSO|
YS1oMm 9,0 ‘1e) wouy ‘ugisop o
SoLI0[eD 9%0€> WYSIom uo sainseaw pajeadal *SIOIABYD( Y)[BaY 9SI9Ape ]
‘1s130j01sAyd paseq p/je2 000Z—00¢ L 1sod-aud e Suisn *9)1 Jo Ayjenb 10 SuONIPUOD |edIpaW /Sm
351019Xd U A eul aLO[eD 1Jo (D) $|0U0D dANDRUL pue yyjeay [ejusw SNOLIdS OU ‘] ¥ Uo jou N
Su0Issas pasiAadns S|eos yum ‘|eLn (saleqeiq pue ‘(3Q) 9s1219%d UO SUOIUSAIRUL |esnedousunsod ‘AjAnoe .
¢ Suipnpul ymp § Ul Y)[eaH Joj uondy) pue Ja1p paulquiod 951219Xd pue $SO| [ed1sAyd ym/uiw-0o 1> =
‘351019Xd DIqoIoe AV3iHYV %007 pue ajAis-a)1| ‘(3) 951219Xd DIqOIE WSom Asealp jo {(uedLIRWY-UBISY >
SiA-pow Jo p/uiw Gt ddd ay1 wouy payipow ‘(@) sso] yS1om Areaip S]09)JS PauUIqUIOD pue /8//11 €7<) ST<IWg (S2) 110T s
81-1S9 UONUSAISIUI 3S1D19X] 191p UoNDLISAI dLIo[eD) Surredwod | )Y ow-7 | |ENPIAIpUI 9} BulWEX] 1o JLLL/8LL ‘A G/—0G ‘sojeway saqQ °[e 19 eweAeuw| m
=
S2INSeaN spadsy sjie?qg udisaq swiry Apnmis ady ufu sjiers a|dwes W
awooInO uonuaAiRul JBYIO uonuaAIdu| Arejelq ‘lonuo) o
JVACTEN] y.clle s
g
2
£
2
=%




Dietary Improvement for Mental Health

23nd jxau 1o panunyuo))

(s9[eISgNS Alaixue
pue uoissaidap)
9¢-4S 1a9 ‘A-WvH SUON

V-S4 ‘19 ‘A-WvH SUON

"awloy Je Pajdnpuod aq
0} UennaIp 8y} Aq
paresisuowsp sas1d4aXa
210Jae pue [eUONDUN)
‘BuluaypBuans

SavH PapN|oul Wi 951019x]

'sis1| A1920.3 Sunredaid pue
‘pooy Aypjeay 1o} 10108}
|eamnd ‘uonetedaid

|eaw ‘pooy Jo 1500

pasan0d soidoj “adIApe
|eonoeid pue sauljping
uonnu [essusd Suisn
soonoeid Sunea Ayyeay ul
3u1yoe0d papiroid alem

syuedidiped ‘suoissas g—9 104

‘ow G| Jo}

$19)500q [BNUURILUSS
pue suoIssas g—9
$S010® UlW O€

Aq| POMO||0} UOISSS

pue 50D ‘ssadde
punoJe suoissndsip
pue ‘suodnod

pooy ‘sis1 Surddoys
‘snuswi Apjoam
yum djaH "pruteiid
poo4 aimnoudy
Jo Juswedaq

SN 82 ‘sauljeping
uonunu [esausd
uo paseq sunes

Ayyjeay ui Suiyoeo)

“JSpurewal ay)
10J LpuowW JaY1o AIona
usy) ‘ow 9 10j OwW/x |

S)ISIA Swoy pue papiaoid
SI9NR|SMAU pUE ADIAPY
DM/ 1-6°0 JO $50] 1yS1am
aAdIye 0] (9215 uoniod
J9|[ews “19q1y/so|qeIaSan
/nJ) paseaidul ‘redns/jes
paonpai) sejdidund

Sunes Ayyjeay yum ol 1

P/1e2X 009/IW §'T JO 11oyap
© 9)eald 0) Alelp pooy

P-£ © Jo M3l SUIMO||0}

9dIApe AleIRIp pazifenpiAlpu|

*UONUDAISUI UOIBINPS
Aepaip yum Adesay)
Buinjos-ws|qoad

Suuedwod | )y wie-g

"A 10} dn pamoj|o}
pue (131Q) uonedsnpa
AJeaIp snsian Dd-1Sd

Suuredwod | HY wue-g

*(D) duo[e ADIApE

pue ‘(3Q) as1o4axa

pue 1a1p paulquiod

‘(3) UOHUBAIRIUI SIDIDXD

‘(@) uonuaAIRUI J9Ip B
Surredwod | Dy Jeak-om|

‘uonuUdAIUI
uonednpa Asejpip
AJuo-uonuane ue yim
patedwod Adesayy
Buiajos-wiajqoud jo

S)1JoU( AU} $SASSY

“ewne.) [ed130joydAsd

pue uoissaidap

|ELWOIPUASGNS YlIMm

s|doad u1 uonusAisyuI

uonesnps Aseplp e

Ym parediod Hd-1Sd
JO SyyBUaq By} SSASSY

‘S)INpe 1YSIoMIan0
ul ured sauy|
$90NPaJ ISIDIOXD
Jlo/pue 121p Jo
SUonUIAIRUI
pazijenpiAipul
Jayleym sutwsieg

9[eds d-53D
QY Uo 11
1'€9 cl/LL

,SUBDLISWY URDLIY
J9p|O ul uoissaidag

JO uonuUaAald,, 198ie|

WO} PalNIdal JUIAS

Jiewnedy juedyiudis

e padusadxa pue

99'99 9[eds (J-S3D ayp uo
w229 6T/1€

Ayyjeay as1misy10
9//T8 Inq uted sau|
19 /60l/TTL

‘BT<IWG “+A G synpy

(80) ¥10¢

YIIM + A OG SURISJOA “[E 19 MOXISE)

(£2) 10T

LLZ Ym +A G SINPY “[e 19 Moxsey|

(92) 6002
‘e
uosupjuas(

April 2019

271

Psychosomatic Medicine, V 81 « 265-280



2]
%2]
-
<
Z
<
<
L
3
=
=
P
kL
[~
<
[
<
>
L
[
w
>
w

(24nseaw 3ulag-|jom pue
‘Ayaixue ‘uoissaidap)
SWOd Pue SAMD

(s9[e2sqNs Ajaixue
pue uoissaidap) SINOdJ

109 ‘SYWL

“INOYHUM UOISSSS |

pue uoisiARdns pey aiom

>99m Jad suoIssas Ino4
“AH Xew %08-%09 ¥e
UIW Gt 10J JM/X G d[em
0] pasinbai syuedidnied
yum (@ pue 3) wie p1p
pue 351219Xd PaulqIod
pue (3) 9s1219Xd Ue 0S|y

‘pa1dLIsal Jou
Sem axejul alloje)

M/ X € 3SID19X3 dlqolae

pasialadns paurejuod
Jey) WIe 9SI2I9Xd
pue 19Ip [eUOIPPY

‘||edal Y-t ‘wopuel Aq
painseaw sdueljdwo)
1811p99Y2 98ueydxa

Ajrep e duisn axejul 191p
Buipiodai ‘a8ueydxa pooy ‘971
uonsod noge Jysne] “(pooy
[euondo jo [ 00 LW T+'0
pue ‘suisjoud ues| G ‘siej ¢
‘speaiq 9 j|iw g ‘s9|qe1ason ¢
‘sinuy 7) sedueyoxe

Asejalp uo paseq 191

"(1e2% 00€1-00Z 1) PAW ++°S
0} 61"t JO 3unsIsuod

191p UONDLSAI BLIOeD)

ouerjdwod poddns

0] Alrej pooy Ajiep e
paja|dwod syuedidiey
*(spooy paxoedaid

‘syuLp Yos ‘siedns

paulal ““8°1) SpOoy paulyal
adNpal pue sjeaw yoea

1e S9JRIPAYOqIED pUe S)e)
Ayyjesy ‘ursroud suiquiod
0} ‘s|eaad ureld sjoym
‘Airep 1ej-mo| ‘spaas ‘spnu
‘ysiy Arey ‘ss|qelagdan ‘synuy
JO @ejul asealdul 0}
padinbal asom syuedidned

dnou3 s8ueyd 101

‘oW 9 1se| 10} Ajyiuow pue
OW ¢ JOJ 399M Iay10 AloAs
uay} ‘ow ¢ 1o} uePAIP

B UlIM $355|D Apjoam
papuspe sjuedidiued
*(19Ip [0J1Sa|0YD

MO| ‘Je} pajelnies Moj)

| do1s wesoud uoneonp]
|0J91s9|0Y D) [euoneN

Sy} AQ papuswIWwodal

se saueyd Asejaig

‘u8Isop saunseaw pajeadal
150d-aud e Buisn (D)
|O1JUOD pue ‘SuolUSAIRIUI
a pue 3 yioq (@)

121p uondLysal AS1sua ‘(3)
3SIDI9XS YM-Z | JO 109y

Suiedwod | DY wie-¢

‘jetn dnoug |9)eted

‘pul|g-a|3uls ‘paziwopuey

‘uSIsop saunseaw
payeadau 1sod-a1d
Suisn wesdoid
9SI1249X3 + J9Ip

© pUe S|0U0D 0}
‘uonuaAIBIUL Aselaip

Sunedwod ] DY yuow-g |

*3])S POOW UO 3SID19X
1o/pue uondLIsal
AS1aus ajelspow
M-z | Jo edw

AU} S$3SSE PUB USIOM

353(/OUOU SNSISA 35970

ul poow aredwo)

‘uonudod pue
poow uo Ip
you-usLnu ‘p-Q| e Jo

S]09)J9 9y} auluwexy

‘Yiesy [ed13ojoydAsd
uo weidoud sso|
1ySiem Asejaip e Jo

109)J9 9y} sulwexy

swiajqoid poow/jeuonows

Jualind ou ‘weidoid

9SI1DI9Xe 10 uw:u

e uojou _ocm mwmmmm_ﬁ

UMOU3| OU YUIM yljeay

/1T poo8 {05-5T IWg

9'SH /9z/ceT

uone|ndod [esauad

w0l payInIdal

‘A 0g-81 synpe

1'Le €l/c1

Aypjesy asimisylo

nq 0e—rT ING

USWIOM '¥€-8T IWg

§8¢ 64/1L

‘A 0/=G ‘soJeww) 9s9qO)

S[ewsa) SUNOA

usw ‘A 6y—SZ SINPY

(1€) 000T
‘|e 19 ueWwsIN

(0€) L10T
‘e
UB|[INOW

(91) 100T
‘|e 1o ueuaty|

SaINSEaN
awodINO
JueAS[RY

spadsy
UoNUAIRU| JBYIO

s|teled
uonuaAIdu| Al

udisaq

swiry Apnmis

ady ufu
‘lonuo)
Mmia

sjiers a|dwes

(ponunuod) *1 319V1L

April 2019

272

Psychosomatic Medicine, V 81 « 265-280



Dietary Improvement for Mental Health

‘paurodar jou = YN ‘o[npayos Jurag-[[op [BIAUID = SGMD o[eoS AloIxuy IsaJIuely I0[Ae] = SYIALL I A1ojuaAu] uoissardaq yoog = [[-1A9
‘uo1ssaxda(] 10§ s[edS Funey uoyiwey = (-INVH 218D Arewtid Ade1sy [ SuA[o§-ws[qoid = Dd-LSd ‘S93e)S POOI JO 301 = SINOJ “3[edS Suney uoissarda( 813qsy-AwoSUON = SYAVIN ‘We1S01d uonudsald saeqel( = ddd
¢{Adexay yuowoordar suourioy = 1Y H A10judau] woydwAg joug =[S O[S uolssaido( oLeLan = SO JS-JUAWSSISSY [BUONLINN-TUIIA = JS-YN]IA 9[89S uoissardo Aorxuy [endsoHq = SqVH proe Aney pajernjesunijod = vind
‘[eL Po[[oU0d pazropuel = )Y ‘Aderoy jusuniuruos pue soueideooe = 1)y ‘uorssardo(g — sarpmyg [esrSojoruapidy 10§ Jopue)) = (I-SHD 9] Jo Afenb pajejor-y[eay = JoOYH A9AINS i[O ULIOJ-1O0YS = 9¢- IS ‘Xopul ssew Apoq = [INF

(sa]edsqns AdIxue
pue uoissaidap)
SWOd ‘1dd

(way-01) @-s310

aouel|dwod a8einodus
0] S[10 pue sje} duipeaids-991)
uaAIS a1om syuedidiied “papiroid
sem poddns paseq-dnoid pue
pazi[enpIAIpU| "pajelnjesunouow
10y Syey pajeinjes Sunnmnsqgns
‘AB12U8 JO 94,0 Se 1.} ‘ysiy
AJ10 ‘s3|qe1aSan qinuy aseadul
0] payjse sem dnois jo1p
UBDUBLID)IPIN 9y “SIe) pajelnjes
Aprenoiped ‘syey wosy ASisus
9oNpal 0] paYjse sem JaIp
1e}-MOJ| 3y 15130]0ydAsd pue
UBIDIIP B YIM SUOISSS
dnoJd pue [enpiaipul

SUON 8 pals|dwod sjuedidiyed
‘[ela1eW pajuasald
JO 98pajmou
S5955€ 0) PAJS)SIUILLPE SEM
Zinb uonNu v *sa|qe1ssan
pue syiniy ul ySiy pue
18} Ul mo| ulened Sunes ue
MO||O} 0} MOY| UO UOHRWLIOJUI
paAigdal dnoid uoninu ay |
*UONBWIOJUI PIJe|I JUsW]edl)
pue ssau||l paAIadal Wwe
uonednpa ayy ul sjuedidiued
'SUOISSIS Y- A|yiuow 1

SUON pals|dwod sjuedidiued

“S|0JUOD ]S1| JeM SNSIoA

uonuaAIRuI 1BIP

uesueLIB)IPAN 10

18)-MO| JO M T L
Suuredwod ey
paziwopuel wie-¢

"aIed [BDIpaW prepuels
SNSI9A UOHUDAIRUI
[euOILINU ‘UONUDAISIUI
payejal-ssaul|l
‘[eUOnEINPa YM-9|
Suuredwod ey
[edlul wie-¢

‘Buiuonouny 9aANUZ0D

pue poou 10aye

A|9sIaApe s)aIp

SULIDMO]-|0ID1S|0YD
J9Ylaym ssassy

JusW}ea) JadUED
1sealq Sunajdwod
uswom 3unoA Suowe
Suruonouny
|ea18ojoydAsd
/jea1sAyd soueyus
p|NOD uonuUdAIRUI
uonLINu/uoIEedNPd

Jaylaym sujwexy

(WW G°Z<) jo1Asa|0yd
wniss pajeAso Jo
S[2A9)] S1esapoW-pyiw (12) 000T

€9 95/19/6S YIM SIINPpY "[e 19 SpIeM

JuaWIeal) J9dURD
jsealq Sunajdwod
JO OW 7 UIyim (z2) s00t

vy ¥8/€9/58 USWOM J98UNOA  "[e 19 J318YDS

April 2019

273

Psychosomatic Medicine, V 81 « 265-280



SYSTEMATIC REVIEW/META-ANALYSIS

Study name. Statistics for each study
Hedges's Standard Lower Upper

[¢] emor  Vaiance limit limit Z-Vaue p-Vaue
Agarwd et d. 2015 0.353 0.120 0014 0118 0589 29 0.003
Assef et d. 2015 0.027 0.010 0000 00038 0046 2744 0.006
Einvik et d. 2010 -0.048 0.089 0008 -022 0127 -05%4 0.58
Endevelt et al. 2010 0.711 0.248 0061 026 1.1% 2873 0.004
Forster et d 2012 0.223 0.124 0015 -0020 0466 1.7%8 0.072
Hyyppa et d. 2003 0.136 0.182 0033 -042 020 -0.749 0.454
Imayama et d. 2011 0.273 0.0%6 0009 008 0461 284 0.004
Jacka et d. 2017 0.865 0.279 0078 0319 1412 3102 0.002
Jerkinson et d. 2009 0.216 0.103 0011 0013 0418 2088 0.037
Kasckow et d. 2014a -0.583 0.414 0172 -13% 0230 -1.406 0.160
Kasckow et . 2014b 0.120 0.2%5 0065 -0381 0620 0.469 0.639
Kiernan et d. 2001 0.09% 0.233 0054 -0552 032 -0408 0.683
McMillian et . 2011 0.149 0.388 0150 -0611 0908 0.383 0.702
Nemen et d. 2000 0.159 0.207 0043 0247 0565 0.768 0.442
Scheier et d. 2006 0.234 0.115 0013 0009 045 2035 0.042
Warde et a. 2000 1.683 0.168 0028 138 2008 10.139 0.000

0.275 0.089 0008 0100 045 3.074 0.002

Hedgessgand 95%Q1
] o
— j——
] e
]
—f
— e —
] e
—— —
] e—
B e
] e
e N
P>
-2.00 -1.00 0.00 1.00 200
Favours Control Favours Diet

FIGURE 1. Meta-analysis of the effects of dietary interventions on depressive symptoms. Box size represents study weighting. Diamond

represents overall effect size and 95% Cls.

study. Table 2 displays the full results of all meta-analyses. A ran-
dom-effects meta-analysis of 16 RCTs, reporting outcome data
from 45,826 individuals, revealed that dietary interventions signif-
icantly reduced depressive symptoms in comparison to control
conditions, with a small pooled effect (g = 0.275, 95% CI = 0.10
to 0.45, p = .002). There was significant heterogeneity across the
study data (Q = 141.4, p < .01, P = 89.4%) and some indication
of publication bias (Egger's regression intercept = 1.67, p = .025;
see funnel plot in Supplemental Digital Content 3, http://links.lww.
com/PSYMED/A539). Nonetheless, the random-effects trim-and-fill
analysis found the estimated effect size to be larger and still statisti-
cally significant when accounting for publication bias (recalculated

at g=0.408, 95% CI=0.2 to 0.60, p <.01). Furthermore, significant
effects from dietary interventions on depression were also observed
in the sensitivity analysis including only the RCTs with high-quality
ratings from the ADA Quality Assessment (n =11, n =45,469, g =
0.321, 95% CI=0.12 to 0.53, p = .002, O = 131.1, F* = 92.4%).

Prespecified Subgroup Analyses for Depression

Table 2 displays full results of all meta-analyses on depression out-
comes in primary and subgroup analyses. The pooled effect size
(g) on depressive symptoms across 10 dietary interventions that
compared with habitual diet alone (or “inactive” control conditions)
was 0.308 (n=44,319, 95% CI=0.02 to 0.6, p = .038), indicating a

TABLE 2. Effects of Dietary Interventions on Symptoms of Depression

Sample Meta-Analysis Heterogeneity
Studies  Diet/Control, n/n  Hedge's g 95% ClI p Q p I?
Main analysis 16 18,746/27,080 0.275 0.100 0.450 .002 141.4 <.01 89.39
High-quality studies 11 18,567/26,902 0.321 0.116  0.526  .002 131.08 <.01 92.37
Diet versus active control 10 1027/921 0.174 0.012 0335 .035 22.8 .007  60.56
Diet versus inactive control 10 18,022/26,297 0.308 0.017 0.599 .038 115.9 <.01 92.24
Nonclinical depression 15 18,715/27,055 0.246 0.070 0423 .006 132.69 <.01 89.4
Diet + exercise versus exercise alone 2 139/137 0.265 0.030 0.500 .027 0.008 928 0.000
Comparative subgroup analyses for depression outcomes
Aim: improving nutrition 9 560/610 0.365 -0.024 0.753 .066 719 <.01 88.9
Aim: reducing % fat intake 4 17,601/26,307 0477 0.069 0.884 .022 53.1 <.01 94.35
Aim: inducing weight loss 4 585/483 0.212 0.087 0.338 .001 2.21 .529 0.00
Nutrition professional 12 18,618/26,890 0.329 0.124 0.535 .002 136.83 <.01 91.96
No nutrition professional 4 128/190 0.124 -0.124  0.371  .328 3.487 322 13.961
>75% female sample 8 17,706/26,314 0.195 0.055 0336 .007 18.97 .008 63.10
>75% male sample 4 366/362 -0.208 -0.449  0.033 .091 517 160 4193
100% female sample 6 17,739/26,141 0.164 0.019 0.310 .027 18.97 .008 63.10
100% male sample 3 353/352 -0.176 -0.427 0.074 .168 5.17 .16 41.93
CI = conflict of interest.
Psychosomatic Medicine, V 81 « 265-280 274 April 2019
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small to moderate significant effect. Effects were slightly smaller
but still statistically significant, when compared with “active” control
conditions (n =10, n=1,948, g=0.174,95% CI=0.01 to 0.34,
p <.001). Both waitlist- and active-controlled subgroups had high
heterogeneity among included studies, with no evidence of publi-
cation bias significantly altering the findings (Table 2).

For prespecified subgroup analyses on clinical versus nonclin-
ical populations, only one study used a clinically depressed sample
(n = 67), showing significantly greater reduction in depressive
symptoms from a 12-week modified Mediterranean diet interven-
tion in comparison with “social support” (17). Dietary interven-
tions reduced depressive symptoms significantly more than
control conditions among the remaining 15 trials in nonclinically
depressed individuals (n = 45,770, g = 0.246, 95% CI = 0.07 to
0.423, p =.006). In addition, preplanned subgroup analyses com-
paring “diet plus exercise” combination interventions to exercise
alone found a small positive effect on depressive symptoms from
the interventions that had the dietary component (g = 0.265,
95% CI = 0.03 to 0.50, p = .027) although this was based only
on two studies (n = 276).

Post hoc Analyses of Factors Influencing Dietary
Intervention Effects on Depression

Post hoc subgroup analyses were applied to explore, where possi-
ble, how interventional and participant characteristics may affect
study findings. Full results are shown in Table 2. Regarding the

A
s SQatistics
>75%malefemale
Hedges's Standard Lower Upper

9 error  Varance limt  limt ZValue p-Value
female Agarwaletal. 2015 0353 0.120 0014 0118 0589 2941 0003
female Assafetal. 2015 0027 0010 0000 0008 0046 2744 0006
female Imayama etal. 2011 0273 0096 0009 0085 0461 2844 0004
female Kasckowetal.2014b 0.120 0255 0065 -0381 0620 0469 0639
female Keernan etal. 2001 - ferrale 0337 0240 0057 -0132 0807 1408 0.159
female McMillian etal. 2011 0.149 0388 0150 -0611 0908 0383 0702
female Nieman etal. 2000 0.159 0207 0043 -0247 0565 0768 0442
female Scheier etal. 2005 0234 0.115 0013 0009 0459 2035 0042
female 0.195 0072 0005 0055 0336 2721 0007
male Envik etal. 2010 -0048 0089 0008 -0222 0127 -0534 0593
male Hyyppaetal. 2003 -0.136 0.182 0033 -0492 0220 -0749 0454
mele Kasckowetal.2014a -0583 0414 0172 -1395 0230 -1406 0.160
male Kiernan etal.2001 - male -0527 0225 0051 -0969 -0086 -2340 0019
mele -0208 0123 0015 -0449 0033 -1690 0091
B
Groupby Study name Statistics for each study
>75%maleffemale

Hedges's Standard Lower Upper

[} error  Variance limit  limt Z-Value p-Value
female Agarwaletal.2015 0310 0.120 0014 0075 0545 2590 0010
female Imayama etal. 2011 0.108 0.096 0009 -0080 0206 1125 0261
female Kasckowetal. 2014b 0297 0256 0066 -0205 0800 1160 0246
female Kernan etal. 2001 - female 0405 0240 0058 -0066 0876 1686 0.092
female McMilian etal. 2011 0.134 0388 0150 -0625 0894 0346 0729
female Nieman etal. 2000 0216 0207 0043 -0190 0622 1043 0297
female 0211 0064 0004 0085 0337 3275 0001
male EBnvik etal.2010 -0046 0089 0008 -0220 0129 -0513 0608
male Hyyppa etal.2003 -0.302 0182 0033 -0660 0055 -1657 0097
male Keernan etal. 2001 - male -0416 0224 0050 -0855 0022 -1860 0063
mele -0.190 0118 0014 -0420 0041 -1612 0107

Dietary Improvement for Mental Health

design of dietary interventions, significant reductions in depres-
sion were observed from those primarily aiming to induce
bodyweight loss (n =4, n = 1068, g = 0.212, 95% CI = 0.09 to
0.34, p = .001) and those aiming to reduce fat intake (n =4, n =
43,638, 2=10.477,95% CI=0.07 to 0.89, p = .022). Similar sized
effects were observed from interventions primarily aiming to im-
prove nutritional intake (n =9, n = 1170, g = 0.365, 95% CI =
—0.02 to 0.75), although this subgroup fell short of statistical sig-
nificance (p = .066). Studies specifying the involvement of a
nutritional professional (e.g., dietitians or nutritionists) in the
delivery of dietary interventions observed a significant effect on
depressive symptoms (n = 12, n = 45,508, g = 0.329, 95% CI =
0.12 t0 0.54, p =.002), whereas those that were delivered without
dietitian/nutritionist professional involvement had no greater ef-
fects than control conditions (n =4, n =318, g =0.124, 95% CI =
—0.12 t0 0.37, p = .328).

Finally, as shown in Figure 2, studies with mostly female sam-
ples (i.e., >75% female; eight studies) observed significant posi-
tive effects on depressive symptoms from dietary interventions
(g=10.195, 95% CI = 0.06 to 0.37, p = .007), whereas those with
mostly male samples (>75% male, four studies) observed a slight
worsening of depressive symptoms from dietary interventions,
which approached statistical significance (g = —0.208, 95%
CI=-0.45100.03 p =.091). This finding persisted when examining
only the studies with 100% female samples (six studies, g = 0.164,
95% CI = 0.02 to 0.31, p = .027) or 100% male samples (three
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FIGURE 2. Meta-analysis showing differential effects of dietary interventions in male versus female samples, on (A) a symptoms of
depression and (B) symptoms of anxiety. Box size represents study weighting. Diamond represents overall effect size and 95% Cls.
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Study name Slatistics foreach study
Hedges's  Standard Lower Upper

g evor  Vaiance limit  limit Z-Vaue p-Vaue
Agarwdl et d. 2015 0.310 0.120 0014 0075 0545 2590 0.010
Eirvik et d. 2010 -0.046 0.089 0008 -020 019 -0513 0608
Hyyppa et d. 2003 -0.302 0.182 0083 -0660 0085 -1657  0.097
Imayama et d. 2011 0.108 0.0% 0009 -0080 026 115 01
Jacka et d. 2017 0.5%9 0271 0073 008 1120 2175 0.030
Jenkinson et d. 2009 -0.026 0.103 0011 -028 0175 -0.257 0.797
Kasckow et d. 2014b 0.297 0.25%6 0088 -0205 0800 1.160 0.246
Kiernen et d. 2001 -0.006 0.232 004 -0461 0449 -00%6 0.97
McMillian et a. 2011 0.134 038 0150 065 084 036 079

Nemen et d. 2000 0.216 0.207 0043 -010 062 1043 0297
Warde et dl. 2000 1.005 0.643 0413 -0185 235 1703 0089
0.100 0.089 00056 -00% 02% 1446 0148

Favours Control Favours Diet

FIGURE 3. Meta-analysis of the effects of dietary interventions on symptoms of anxiety. Box size represents study weighting. Diamond

represents overall effect size and 95% Cls.

studies, g = —0.176, 95% CI =—0.43 to 0.07, p = .17), with sig-
nificantly greater effects from dietary interventions on depres-
sion observed in female sample studies (p = .021 between
subgroups). Exploratory meta-regression analyses examining in-
tervention length (weeks), study quality (ADA scale) and sample
age (mean average, years) found no relationships between these
variables and observed effects of diet on depression (full results
presented in Supplemental Digital Content 4, http://links.lww.
com/PSYMED/A540).

The Effects of Dietary Interventions on Anxiety

As shown in Figure 3, random-effects meta-analysis of 11 RCTs
reporting outcome data from 2270 individuals found no overall ef-
fect of dietary interventions on anxiety compared with control con-
ditions (g =0.100, 95% CI=-0.036t0 0.235, p =.148, 0 = 18.5,
P = 46.1). A sensitivity analysis including only studies with

high-quality ADA ratings also found no effect of dietary interven-
tions on anxiety (n = 8, n = 2005, g = 0.105, 95% CI = —0.06 to
0.27, p= 219, 0= 179, * = 60.92). Furthermore, there were no ef-
fects from dietary interventions on anxiety when compared with ei-
ther active control conditions (n =6, n=1,292, g=0.046, 95% Cl =
—0.13 t0 0.22, p = .602) or habitual diet/inactive controls (n="7, n=
984, g=0.137, 95% CI=-0.08 to 0.36, p = .216), and no additional
effect of diet on anxiety were observed from studies comparing diet
and exercise combinations to exercise alone (n =2, n =175, g=0.05,
95% CI=—-0.19t0 0.29, p = .676). Full meta-analytic results are
displayed in Table 3. Moderate heterogeneity was present
across all of the analyses (> = 45.22%48.2%), and there was
some indication of publication bias (Eggers regression intercept =
1.19, p =.093) although recalculating the results with trim-and-fill
analyses did not change the findings (i.e., no significant benefits
from dietary interventions for anxiety outcomes, all p > .05). No

TABLE 3. Effects of Dietary Interventions on Symptoms of Anxiety

Sample Meta-Analysis Heterogeneity
Studies  Diet/Control, n/n  Hedge's g 95% ClI p Q p I?
Main analysis 11 1213/1057 0.100 -0.036  0.235 .148 18.5 046  46.07
High-quality studies 8 1083/922 0.105 -0.062 0271 219 179 012 6092
Diet versus active control 6 690/602 0.046 -0.128  0.220  .602 9.653 086  48.2
Diet versus inactive control 7 528/456 0.137 -0.080 0355 .216 10.95 090 45.22
Diet + exercise versus exercise alone 2 139/137 0.050 -0.185 0.285 .676 0.045 .833 0.000
Comparative subgroup analyses for anxiety outcomes
Aim: improving nutrition 6 440/429 0.397 -0.173 0967 .173 618 <.01 91.9
Aim: reducing % fat intake 2 188/195 0.349 0.148 0.550 .001 0.401 526 0.00
Aim: inducing weight loss 4 585/483 0.058 -0.067 0.183  .366 1.60 .659 0.00
Nutrition professional 9 1170/1065 0.273 0.020 0.526 .034 69.37 .000 87.0
No nutrition professional 2 43/42 0.248 -0.171  0.667 247 0.123 726 0.00
>75% female 6 493/472 0.211 0.085  0.337 .001 2.64 .755 0.000
>75% male 3 353/352 -0.190 -0.420 0.041 107 3.43 180  41.68
100% female 4 326/298 0.158 0.001 0315 .048 1.41 .703 0.000
100% male 3 353/352 —0.190 -0.420 0.041 107 3.43 180  41.68
CI = confidence interval.
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studies examined effects of dietary interventions in clinical anxiety
disorder samples.

Post hoc Analyses of Factors Influencing Dietary
Intervention Effects on Anxiety

No significant effects on anxiety were observed from the sub-
groups of dietary interventions that primarily aimed to improve
nutrition (n = 6, n = 869, g = 0.397, 95% CI =-0.17t0 0.97 p =
.174) or those aiming to reduce bodyweight (n = 4, n = 1068,
2=0.058,95% CI=-0.07 t0 0.18, p = .366). A significant reduction
in anxiety was observed from those aiming to reducing fat intake
(g=0.349, 95% CI = 0.15 to 0.55, p = .001), but the result must
be interpreted with caution given the small number of studies in
this subgroup (n =2, n=383). Studies specifying the involvement
of a nutritional professional in dietary interventions did observe a
significant, small positive effect on symptoms of anxiety (n =9, n=
2235, g=10.273, 95% CI = 0.0.02 to 0.53, p = .034), whereas those
who did not report dietitian/nutritionist involvement had no effects
(n=2,n=285,g=0.242,95% CI =—0.17 to 0.67, p = .247).

As with the depression outcomes, subgroups of studies using
mostly (>75%) female samples observed significant positive ef-
fects on anxiety from dietary interventions (n = 6, n = 965, g =
0.211, 95% CI = 0.09 to 0.34, p = .001), whereas those in mostly
male samples observed nonsignificant negative effects (g =-0.19,
95% CI =—0.42 to 0.04, p = .107). Inspection of both individual
and pooled study effects revealed that dietary interventions in
mostly/entirely female samples consistently had a positive direction
of effect on both symptoms of depression (Figure 2A) and anxiety
(Figure 2B). Conversely, effects of dietary interventions in the mostly
(or entirely) male samples were consistently negative for both depres-
sion and anxiety (Figure 2A) and anxiety ( Figure 2B).

DISCUSSION

To our knowledge, this is the first meta-analysis to examine the effi-
cacy of dietary interventions for depression and anxiety. Our system-
atic search identified 16 independent studies, reporting outcomes
of dietary intervention RCTs across 45,826 participants. The main
analysis found that dietary interventions had a small positive effect
on depressive symptoms (g = 0.275, 95% CI = 0.10 to 0.45),
which remained significant even after adjusting for study quality
and publication bias. However, only one of the 16 trials used a
sample with primary diagnosis of clinical depression (17), with
all the remaining 15 studies investigating effects of dietary inter-
ventions on symptoms of depression in nonclinical depression
samples. A further limitation to this is the publication bias found
in the primary analysis. However, the effects of dietary interven-
tions were still statistically significant after correcting for this. In
addition, our subgroup analyses found that positive effects of die-
tary interventions for depressive symptoms were observed in both
studies using inactive control conditions (g = 0.308, p =.038) and
active control conditions (g = 0.174, p = .035), indicating the ben-
eficial effects of dietary interventions on mood extend beyond just
general intervention effects.

A final limitation is the significant heterogeneity in the meta-
analyses, likely stemming from the broad inclusion criteria. Because
substantial heterogeneity was also present in the subgroup analyses,
this indicates that significant between-study differences in dietary ef-
fect sizes also existed when grouping by specific intervention types.
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Thus, it was difficult to establish the most effective components
of dietary interventions for depression, because we found no
significant differences between dietary interventions primarily
aimed at («) reducing bodyweight, (b) improving nutrition, or
(c) decreasing dietary fat intake. However, this is perhaps unsur-
prising, because although the primary aims of the interventions
did vary, the actual content of the all dietary intervention generally
hold some common features, such as aiming to reduce the intake
of “junk” foods (e.g., high-fat, high-sugar discretionary foods
and takeaways), while replacing these with high-fiber, nutrient-
dense alternatives, such as vegetables.

Implications and Recommendations for Future Research
The mechanisms through which these dietary changes can benefit
mental health have yet to be fully established. However, diet may
act via several pathways that are implicated in mental health.
These include pathways related to oxidative stress, inflammation,
and mitochondrial dysfunction, which are disrupted in people with
mental disorders (43). Gut microbiota dysbiosis has also been im-
plicated because of emerging research demonstrating involvement
of the microbiome in the modulation of stress response, immune
function, neurotransmission, and neurogenesis (44). A healthy diet
typically contains a wide variety of bioactive compounds that can
beneficially interact with these pathways. For example, vegetables
and fruits contain, in addition to beneficial vitamins, minerals and
fiber, a high concentration of various polyphenols that seem to be
associated with reduced rates of depression in limited observational
studies, potentially because of their anti-inflammatory, neuroprotec-
tive, and prebiotic properties (45,46). Furthermore, vitamins (e.g., B
vitamins), fatty acids (e.g., omega 3 fatty acids), minerals (e.g., zinc,
magnesium), and fiber (e.g., resistant starch) as well as other bioac-
tive components (e.g., probiotics), which are typically abundant in
healthy dietary patterns, may also be protective from mental illness
(44). Along with increasing the intake of beneficial nutrients, dietary
interventions may also impact on mental well-being by reducing the
consumption of unhealthy food associated with increased risk for
depression, such as processed meats, refined carbohydrates, and
other inflammatory foods (8,9). Unhealthy diets are also high in
other compounds that may negatively affect these pathways. For ex-
ample, elements commonly found in processed foods such as satu-
rated fatty acids, artificial sweeteners, and emulsifiers may alter the
gut microbiome, which may activate inflammatory pathways (47).
Our results showed that dietary interventions that primarily
targeted weight loss also significantly reduced symptoms of de-
pression. The psychological benefits of weight loss diets observed
in our meta-analysis could be linked with reductions in obesity, be-
cause there is robust evidence from epidemiological data that over-
weight status is consistently associated with an elevated risk of
depression (48,49). Indeed, all four of the weight loss interventions
included in our meta-analysis were conducted in overweight/obese
samples. Although only three of these trials examined the correla-
tions between mental health and weight loss, these consistently
found that individuals who lost most weight during the trial also
had the greatest improvements in measures of psychological
well-being (16,25,31). Previous trials of multicomponent weight
loss interventions (which were ineligible for our meta-analysis)
have also shown that reductions in depressive symptoms follow-
ing health behavior programs are significantly correlated with
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reductions in bodyweight (50). The leading hypothesis for why
obesity is associated with depression is through inflammation, be-
cause this is a core feature of depressive illness (51) and excessive
adipose tissue increases the production of proinflammatory cyto-
kines (52). Indeed, recent preclinical research has shed further light
on pathways through which obesogenic diets impacts on mental
health, demonstrating that dietary-induced obesity reduces insulin
signaling in the brain and increases neuroinflammation, resulting
in depressive-like behaviors in rodent models (53). This is sup-
ported by recent research in human adolescent samples, which
has demonstrated that the protective effects of healthy diet on de-
pression risk is conferred through reduced body mass index and
associated inflammation (10). However, it is important to note that
the significant effects of weight loss diets on symptoms of depres-
sion in this meta-analysis were all observed in nonclinical samples
(i.e., individuals with mostly subthreshold depression). In those
with clinical depression, the recent SMILES trial showed large
positive effects of a dietary intervention in MDD without altering
the weight of participants (17). Instead, the trial found that changes
in diet quality for the 12-week period correlated closely with
changes in depressive symptoms. This is in accordance with the
weight of evidence in the extensive observational literature show-
ing that the association between diet quality and major depression
exists even independently of body weight (7) and the emerging ev-
idence from preclinical studies indicating poor diet can also influ-
ence brain health and function in absence of obesity (54).

None of our prespecified analyses found notable effects from
dietary interventions on symptoms of anxiety. This could be due
to a “floor effect,” whereby the low levels of anxiety in the non-
clinical samples examined to date make it difficult to observe
any notable effects of dietary interventions. Indeed, in the single
trial to use a sample of individuals with diagnosed affective disor-
ders (although of major depression), the participants also had bor-
derline clinical levels of anxiety at baseline, and these symptoms
were significantly reduced by the dietary intervention (17). Future
RCTs are required to confirm or refute the effects of dietary inter-
ventions on those with clinically diagnosed anxiety disorders.

Clinical Implications

A key issue in clinical applicability of our findings is the lack of
studies in clinically depressed samples meaning that most evi-
dence of dietary interventions reducing depressive symptoms only
applies to nonclinical depression to date. Although the SMILES
trial was the first to examine the efficacy of dietary interventions
in a clinically depressed sample, another more recent RCT (the
HELFIMED trial) has also indicated the efficacy of a Mediterra-
nean diet for treating depression (55). However, this study was in-
eligible for our meta-analysis because of the intervention also
including fish oil supplements (an active treatment for depression)
(56), thus making it impossible to determine whether reductions in
depression were due to dietary changes or fish oil treatment. Fur-
thermore, a recent economic evaluation of the SMILES trial pro-
vides support for the cost-effectiveness of such an approach to
treating depression, with participants in the dietary support condi-
tion generating substantially reduced societal and health sector
costs compared with the social support condition (57). However,
it is important to consider that, to date, no trials have yet compared
the efficacy of dietary interventions to antidepressant medications.
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Thus, dietary intervention can only be considered an adjunctive
strategy for managing depressive symptoms at this point.

Nonetheless, the significant benefits observed for subclinical/
secondary depression are also of considerable value. The benign
nature of dietary interventions, along with the established benefits
of diet for physical health, suggests that dietary improvement
could be an ideal option for low-intensity treatment or for individ-
uals to adopt themselves as a self-management approach for reduc-
ing subclinical depressive symptoms. Furthermore, diet seems to
improve depression even when used alongside other more estab-
lished self-management strategies, such as physical activity (50),
because pooled data from studies examining “diet plus exercise”
combinations showed significant additional benefits compared
with exercise alone. However, this result should be interpreted
with caution because of the low number of studies included in
the subgroup analysis (n =2, n = 276). Our subgroup analyses also
indicated that interventions delivered by registered dietitians and
professional nutritionists have significant benefits for both depres-
sion and anxiety, whereas those delivered by other individuals
(e.g., research staff) did not. Although preliminary, the finding
from this subgroup analysis is in line with a previous research
showing that interventions that use dietitians have significantly
better effects on weight management in severe mental illness com-
pared with those who use other types of health professionals (58,59).

Our meta-analysis also found that studies using primarily fe-
male samples observed significant mental health benefits from di-
etary interventions (for depression and anxiety), whereas those
with male samples did not, even indicating a trend toward a nega-
tive effect (Figure 2). Again, because these subgroup analyses
consisted of only few studies for each sex (n = 8 studies in females,
n = 4 studies in males), definitive conclusions cannot be drawn
from these data. However, these findings could be potentially be
explained by three sex-specific factors. First, because females have
a higher presence of mood disorders across the population, this
may create greater scope for a significant benefit from dietary in-
terventions (60). Second, differences in dietary effects on mood
could be linked to sex differences in metabolism and body compo-
sition, whereby women may be more responsive to diets that alter
glucose or fat metabolism (61). Third, sociocultural sex differ-
ences in expectations surrounding diet and health beliefs may in-
fluence outcomes of dietary interventions. For example, men rate
certain health behaviors, including diet, as less important than
women, have lower nutrition knowledge, and women seek nutri-
tion counseling more frequently than men (62,63). Thus, women
may be more likely than males to adopt health behaviors as recom-
mended. Future research should examine the extent to which sex
differences in adherence to dietary interventions explain the differ-
ential effects between sexes.

Beyond sex differences, future research should also aim to de-
termine the influence of several other confounding factors, which
have so far been overlooked. One key factor for future research to
examine is the interaction between dietary interventions with psy-
chotropic medications. Because depressive symptoms were used
as secondary outcomes in most studies here and conducted in non-
clinical samples, few studies have examined this to date. However,
preliminary insights on this issue can be gained by comparing tri-
als, which excluded individuals taking antidepressants, with those
studies that included high proportions of antidepressant users.
For instance, the single trial of an MDD sample (in which >75%
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of the intervention group were taking antidepressants) observed
large, significant benefits of dietary intervention compared with
the counseling control group (17), whereas the two trials that spe-
cifically excluded individuals taking antidepressants from their
analyses observed no significant differences between dietary inter-
ventions and problem-solving therapy for symptoms of depression
(27,28). Other important confounding factors to be examined in
future research include medical comorbidities (particularly cardio-
metabolic complications) and substance abuse, both of which could
modify the impact of dietary interventions on mental well-being.

SUMMARY AND CONCLUSIONS

The consistently significant and positive effects of dietary interven-
tions on depressive symptoms observed across all random-effects
meta-analyses, even in high-quality studies, strongly suggests that
diet can play a role in the treatment and also self-management of
depressive symptoms across the population. Because pooled effect
sizes were mostly classified as “small,” further research is war-
ranted to distil both the key components and mechanistic actions
of diet for mental health to develop more refined, targeted, and
thus perhaps more effective interventions. In addition, given the
potentially cumulative effects of diet and exercise together, future
research should explore the modification of diet in concert with
multiple other life-style modifications to provide a more integrated
approach (64). Finally, further research should also be directed to-
ward determining cost-effective and sustainable methods for pro-
viding dietary interventions within mental healthcare services,
along with developing and evaluating public health schemes for
dietary improvement across the population.
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