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ABSTRACT

Background: Depression is associated with insulin resistance (IR). However, the potential beneficial effect, on
antidepressant treatment response, of adjunctive therapy with insulin sensitivity-enhancing lifestyle and dietary
interventions (exercise; supplementation with: vitamin D, magnesium, zinc, probiotics or omega-3 fatty acids) has
not been systematically explored.

Aims: To determine the effect of the above stated adjuncts on antidepressant treatment response in clinically
depressed patients via a systematic review and meta-analysis.

Methods: RCTs which assessed the effect, on antidepressant treatment response of adjunctive therapy with any of
the interventions in comparison with treatment as usual were included.

Results: The interventions had a significant antidepressant effect, with SMD for follow-up (end of study) scores and
change (from baseline) scores being -0.88, [95% CI: -1.19 to -0.57; P < 0.001] and -1.98 [95% CI -2.86 to -1.10; P
< 0.001], respectively. The odds ratio (OR) for remission was 2.28 (95% CI 1.42 to 3.66; P < 0.001). The number-
needed-to-treat (NNT) for remission was 6. Subgroup analysis of the follow-up scores revealed age effect: SMD
significant in those with mean age <50 (-1.02 SMD; 95% CI: -1.40 to -0.64; p < 0.001) and insignificant in those
with mean age >50 (-0.38 SMD (95% CI: -0.82 to 0.05; P = 0.08)). Also, the interventions were more beneficial
among outpatients- SMD: -0.97 (95% CI: -1.32 to -0.62; P < 0.001) compared to inpatients- SMD: -0.34 (95% CI:
-0.88 to 0.20; P = 0.22). Sensitivity analysis did not change the results.

Conclusion: The finding that antidepressant treatment response may be improved using insulin sensitivity-
enhancing lifestyle and dietary adjuncts is worthy of further exploration.

1. Introduction

neurostimulation (Voineskos et al., 2020). The mechanistic basis of an-
tidepressant treatment resistance remains unclear.

Depression remains a major contributor to global disease burden due
to the relatively large proportion of people (4.4% of world's population)
affected and its association with morbidity and mortality (World Health
Organisation, 2017).

Currently available antidepressants (mostly monoamine-based) are
ineffective in up to 30% of depressed patients (Voineskos et al., 2020).
Treatment in these patients is challenging and often involves diverse
augmentation strategies using pharmacological agents (e.g. atypical an-
tipsychotics, psychostimulants) and/or non-pharmacological in-
terventions such as psychotherapy, aerobic exercise and
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Depression is a heterogeneous disease. Its pathophysiology is linked
to metabolic and other distinct factors (Dean and Keshavan, 2017).
Growing evidence suggests a bidirectional relationship between depres-
sion and Insulin resistance (IR). Potential mediators underpinning this
bidirectional link include glutamate, brain derived neurotrophic factor
and peroxisome proliferator-activated receptor gamma (Watson et al.,
2018). Co-morbid depression and IR increases depression symptoms'
severity, while also decreasing the effectiveness of antidepressants (Lin
et al., 2015). In fact, research has shown antidepressant effects of insulin
sensitizers (Colle et al., 2017), particularly when used as add-on therapy
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in patients with treatment resistant depression (TRD) (Lin et al., 2015;
Rasgon et al., 2010).

We hypothesize that IR, which is often undiagnosed and hence un-
corrected, may undermine conventional antidepressant treatment and
that antidepressant effectiveness may be enhanced through correction of
any underlying IR. IR can be corrected either pharmacologically or non-
pharmacologically.

Some lifestyle and dietary-related adjuncts, which are known to
enhance insulin sensitivity, have also been shown to enhance antide-
pressant treatment effectiveness. These include exercise (Bird and
Hawley, 2017); supplementation with: zinc (Cruz et al., 2017; Islam
etal., 2016), vitamin D (Seyyed Abootorabi et al., 2018; Wu et al., 2017),
magnesium (Morais et al., 2017), probiotics (Ruan et al., 2015) and
omega-3 polyunsaturated fatty acids (PUFA) (Imamura et al., 2016). A
number of systematic reviews have also shown that these interventions
possess antidepressant potential when used either singly or as add-on
therapy in depression (Hallahan et al., 2016; Huang et al., 2016; Lai
et al., 2012; Schuch et al., 2016; Serefko et al., 2016; Spedding, 2014).

In spite of their common ability to enhance insulin sensitivity, to date,
no systematic review has collectively evaluated their capacity to enhance
antidepressant treatment response in clinically depressed populations.
Therefore, the aim of this study was to determine the effect of the above-
stated interventions (vs treatment as usual with or without placebo) on
antidepressant treatment response (primary outcomes) through synthesis
of the available clinical evidence (from randomized controlled trials
involving patients with depression) and meta-analysis of relevant data.
We also set out to assess the effect of these interventions on parameters of
insulin sensitivity (secondary outcomes) in the same population as with
the primary outcomes, where reported with a view to examining the
association between their potential to correct insulin resistance and their
antidepressant effectiveness-enhancing potential.

2. Methods

The protocol for this systematic review has already been published
(Jeremiah et al., 2019).

2.1. Search strategy

The search was conducted on the following databases and trials
registers: Cochrane central register of controlled trials (CENTRAL),
MEDLINE PubMed, Embase, PsychINFO, ClinicalTrials.gov and EU clin-
ical trials register. The search was first conducted in March 2019, initially
targeting publication dates from January, 1990 to December, 2018. An
update search was later conducted on 6 July, 2020; this was designed to
capture any relevant studies with publication dates from January 2019
up to 5™ July, 2020. Only studies published in English language were
considered. The search was based on two main concepts: the disease in
question (depression) and the different interventions of interest, as
detailed in the previously published study protocol (Jeremiah et al.,
2019). Reference list of selected studies were also searched to identify
any other relevant articles or systematic reviews. Additionally, unpub-
lished data were traced from relevant conference abstracts/proceedings
and clinical trials registers.

2.2. Eligibility criteria

Randomised controlled trials investigating the effect of any of the
following insulin sensitivity-enhancing lifestyle and dietary-related ad-
juncts on depression: exercise, vitamin-D, zinc, magnesium, probiotics,
omega-3 polyunsaturated fatty acids (PUFA) and other hygienic dietary
recommendations. To be included in this review, RCTs had to include
adults (aged >18 years) with a diagnosis of major depressive disorder
(MDD), persistent depressive disorder (PDD)/dysthymia or bipolar dis-
order (BD), based on standard diagnostic tools pre-specified in the pro-
tocol, and experiencing a depressive episode at baseline. Additionally,
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the intervention had to be used adjunctively, for at least 3 weeks, with
any of the conventional antidepressants highlighted a priori: monoamine
oxidase inhibitors, tricyclic antidepressants, selective serotonin reuptake
inhibitors, noradrenaline reuptake inhibitors, serotonin-noradrenaline
reuptake inhibitors and miscellaneous standard antidepressants, e.g.
mirtazapine; any of these plus any mood stabiliser in BD. Exclusion
criteria include: use of other psychotropic medications (except anxio-
lytics) apart from antidepressants; other neuropsychiatric comorbidity or
any medical comorbidity which could impact the results. For trials which
assessed the relevant outcomes at different time points, the data at the
last time point was taken as the follow-up (end-of-study) data. For studies
involving more than two arms, we only included the two arms relevant to
our study. In other cases in which there were more than one intervention
group of interest, the different intervention arms (vs control) were
included in the meta-analyses as separate studies.

2.3. Outcomes

The primary outcomes were: a) Depression scores at follow-up (end of
study) and change (from baseline to follow-up) scores, as measured on a
continuous scale using standard depression scores; b) remission,
measured as a binary outcome in terms of the number or proportion of
participants who attained remission at the end of the study. The standard
depression rating scales considered were: Hamilton Rating Scale for
Depression (HAM-D or HRSD), Beck Depression Inventory (BDI), In-
ventory of Depressive Symptomatology (IDS) or Montgomery-Asberg
Depression Rating Scale (MADRS) (Cusin et al., 2009). None of the
included studies reported the secondary outcomes of interest (parameters
of insulin sensitivity) described in the published protocol (Jeremiah
et al., 2019).

2.4. Data collection

Records retrieved from electronic and other searches were managed
as previously described. The data extraction form was developed to
capture the following: general information (e.g. the study ID, study
location, study setting, sources of funding, possible conflicts of interest,
etc.), study and participant characteristics (e.g. type of study, mean age/
age range, sex, primary diagnosis, diagnostic system, sample size,
severity of depression at baseline, antidepressants in use, comorbidities
and other psychotropics), details of intervention (type, dose/frequency
and duration of intervention), attrition details (total randomized, num-
ber excluded or lost to follow-up, number analysed) and measures of
outcomes (mean baseline and follow-up depression scores and/or mean
change and standard deviation (SD) depression scores for continuous
data or number and percentage in remission for binary outcome mea-
sure). Where depression was assessed using more than one scale, we
preferably chose the Hamilton Depression Rating scale (HDRS/HAM-D)
for clinician-administered scales and the Beck Depression Inventory
(BDI) for self-rating questionnaires.

2.5. Quality assessment

Risk of bias assessment of the included studies was carried out using
the ‘risk of bias’ assessment tool described in the Cochrane handbook for
systematic reviews of interventions (Higgins and Green, 2008). Based on
the adapted Cochrane ‘risk of bias’ table used, trials assessed as having
low-risk of bias across all the domains were considered in the overall
rating as having low-risk of bias, trials with unclear risk of bias in one or
up to three of the domains were considered to be of moderate risk of bias
while those with high risk of bias in one or more of the domains as well as
those with unclear risk of bias in four or more of the domains were rated
as having high risk of bias. The quality of evidence across the included
studies was assessed using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) system (Ryan and Hill, 2016).
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2.6. Statistical analysis

Data synthesis and analysis were carried out for the primary outcomes
(effect on depression symptomatology). Random-effects meta-analysis
model was used to obtain the summary effect estimate, 95% confidence
interval and P-value, using Review Manager (RevMan) software, version
5.3. Due to the nature of the data obtained, the continuous variable
(depression scores) was assessed by carrying out separate meta-analyses
for both the follow-up scores and mean change scores. Variation in the
depression rating scales used in the included trials was factored into the
analyses via estimation of the standardized mean difference (SMD) for
each included study. In clinical studies, SMD values of 0.2, 0.5 and 0.8
are taken as small, medium and large effect sizes, respectively (Faraone,
2008). A pooled odds ratio were estimated for remission.

Heterogeneity between studies was explored by visual inspection of
the forest plots and quantified using I? statistic. For studies in which the
data reported was not sufficient to enable us read or calculate the stan-
dard deviations of the follow-up and/or mean change scores, the corre-
sponding authors were contacted. In cases where the data were presented
in graphic format, approximate mean values were imputed from the
graphs. For the analysis of the follow-up scores, in instances where
missing data were not obtained from authors or through imputation from
graphs, estimation of SDs for the affected studies was done by imputing
the baseline SD of the same study (n = 1) or borrowing SDs (n = 2) from
the most similar study (e.g. in terms of rating scale, duration and/or
intervention type) included in the meta-analysis (Higgins and Green,
2008). A sensitivity analysis was subsequently carried out excluding
studies with incomplete data. For mean change scores, only studies with
complete data were included in the meta-analysis. As per our protocol, a
sensitivity analysis was also carried out by excluding studies with high
risk of bias. In the analysis of remission data, the effect size was further
quantified by calculating the number needed to treat (NNT) using the
formula: NNT = 1 + (remission rate with intervention — remission rate
with control). Funnel plots were used to assess the risk of publication
bias. These were assessed for asymmetry by both visual inspection and
Egger's regression test (Jakobsen et al., 2014), using the STATA software.

2.7. Subgroup analysis

As described a priori and subject to data availability, subgroup ana-
lyses were performed based on the duration of studies and intervention
types, thus: short duration (<10 weeks) versus long duration (>10
weeks) studies; exercise only, Omega-3 PUFA only, zinc only, probiotic
only and vitamin D only subgroups. Only one study assessed magnesium
supplementation, hence, subgroup meta-analysis was not possible in this
case. However, for completeness, the ‘magnesium study’ was retained on
the forest plot of the overall subgroup analysis of all the included studies.
We also carried out some additional subgroup analyses that were not pre-
specified in the protocol. These include subgroup analysis based on pa-
tient setting (outpatient vs inpatient) and age (mean age <50 vs mean
age >50), due to potential differences across settings and age. Subgroup
analysis based on medication type [SSRI(s) only vs SSRI or >1 more class
(TCA, SNRI, NRI, NaSSA, others) vs TCA only vs Antidepressant (not
specified)] was also carried out, since varied classes of antidepressant
drugs were used across the included studies.

2.8. Deviations from the protocol

In our search strategy, the publication date was capped to July 2020
as opposed to November 2018 stated in the protocol. This was to allow us
capture all studies published up to July 2020 and indexed in the relevant
databases. Also, contrary to what we had stated in the protocol, we
included a trial (Belvederi et al., 2015) which featured participants with
other medical co-morbidities (stable cases of hypertension, musculo-
skeletal problems, eye, ear, nose and throat-related conditions) apart
from metabolic disorders. This was based on the conviction that these
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co-morbidities are not likely to affect the effect of the intervention (ex-
ercise) as it was stated by the authors that those with severe or unstable
physical illness that would prevent exercise were excluded. Trials (Bel-
vederi et al., 2015; Carneiro et al., 2015; Danielsson et al., 2014; Lav-
retsky et al., 2011; Mota-Pereira et al., 2011; Ryszewska-Pokrasniewicz
et al.,, 2018) which allowed the use of other reported psychotropics
(anxiolytics/sedatives/hypnotics), apart from antidepressant, were also
included. Moreover, we also included two trials (Ho et al., 2014; Sha-
char-Malach et al., 2015) with a study duration of 3 weeks as opposed to
the minimum of 4 weeks stated in the protocol. Sensitivity analysis was
carried out in each case excluding the affected studies, the results of the
analysis did not change. Additionally, three subgroup analyses carried
out based on a) Patient setting (outpatient vs inpatient), b) Age (mean
age <50 vs mean age >50) and c) medication type [SSRI(s) only vs SSRI
or >1 more class (TCA, SNRI, NRI, NaSSA, others) vs TCA only vs Anti-
depressant (not specified)] were not pre-specified in the protocol. This
was to ensure exploration of all the possible reasons (as much as
permitted by the available data) behind the observed substantial
heterogeneity.

3. Results
3.1. Study identification and trial characteristics

Our electronic and manual search yielded 33,456 citations (after
removing duplicates) for title and abstract screening. From these, 134 full
text articles were assessed for eligibility, 26 studies were considered
eligible for both qualitative & quantitative analyses. A study (Nemets
et al., 2002), which included patients (n = 3) with unacceptable co-
morbidity and reported the raw data, was only included in our analysis
after excluding the data belonging to the affected participants. Details of
the study selection process are presented in Figure 1, adapted from
Moher et al. (2009).

The characteristics of the included studies are summarised in Table 1.
All were published between 1999 and 2018. Of the twenty-six included
studies, seven were conducted in Iran (Jahangard et al., 2018; Jazayeri
et al., 2008; Khoraminya et al., 2013; Mozaffari-Khosravi et al., 2013;
Nazarinasab et al., 2017; Ranjbar et al., 2013; Zeinab et al., 2018), four in
Poland (Nowak et al., 2003; Rudzki et al., 2018; Ryszewska-Pokrasnie-
wicz et al., 2018; Siwek et al., 2009), three in USA (Blumenthal et al.,
1999; Gertsik et al., 2012; Lavretsky et al., 2011), two in Israel (Nemets
et al., 2002; Shachar-Malach et al., 2015), two in Italy (Belvederi et al.,
2015; Pilu et al., 2007), two in Portugal (Carneiro et al., 2015; Mota--
Pereira et al., 2011), two in the UK (Mather et al., 2002; Peet and Hor-
robin, 2002) while the remaining four were conducted in Brazil (Siqueira
et al., 2016), Hong-Kong (Ho et al., 2014), Japan (Miyaoka et al., 2018)
and Sweden (Danielsson et al., 2014).

Of a total of 1,304 clinically depressed patients randomized, 1,216
(639 in intervention group, 577 in control), with mean age ranging from
34.8 to 75.0 years, were analysed for intervention effectiveness and
hence included in the quantitative analysis. Twenty-three of a total of
twenty-six eligible studies were included in the analysis of follow-up
depression scores, two (Danielsson et al., 2014; Mota-Pereira et al.,
2011) of the remaining three studies only featured in the analysis of the
mean change scores while the last one (Siwek et al., 2009) was included
only in the third analysis for remission data. In the first meta-analysis
(using the follow-up scores), 1093 (571 in intervention group, 522 in
control) participants, represented in the forest plot of results as 1148
(571 in intervention arm, 577 in control arm) (see Figure 2a), were
included. The discrepancy in the actual number of participants included
and that represented in the results is due to the use of repeat control (55
participants) groups for studies with more than one intervention
(Mozaffari-Khosravi et al., 2013) or intervention dose (Peet and Horro-
bin, 2002) of interest. In the second meta-analysis (using the mean
change scores), 425 (223 in intervention arm, 202 in control) repre-
sented as 446 (223 in both arms) (see Figure 2b), for same reason as
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above, were included. Moreover, eleven studies, with a total of 559
participants (288 in intervention arm, 271 in control) and which reported
remission as a binary outcome, were included in the meta-analysis of
remission data.

The main diagnosis in all the studies was MDD with one study
(Miyaoka et al., 2018) reporting a diagnosis of treatment resistant
depression as the specific MDD category for inclusion. The intervention
in eleven (Belvederi et al., 2015; Blumenthal et al., 1999; Carneiro et al.,
2015; Danielsson et al., 2014; Ho et al., 2014; Lavretsky et al., 2011;
Mather et al., 2002; Mota-Pereira et al., 2011; Pilu et al., 2007; Sha-
char-Malach et al., 2015; Siqueira et al., 2016) of the included trials was
adjunctive exercise while omega-3 PUFA was employed in six (Gertsik
et al., 2012; Jahangard et al., 2018; Jazayeri et al., 2008; Mozaffar-
i-Khosravi et al., 2013; Nemets et al., 2002; Peet and Horrobin, 2002),
zinc supplementation in four (Nazarinasab et al., 2017; Nowak et al.,
2003; Ranjbar et al., 2013; Siwek et al., 2009), probiotics in two
(Miyaoka et al., 2018; Rudzki et al., 2018), vitamin D supplementation in
two (Khoraminya et al., 2013; Zeinab et al., 2018) and magnesium
supplementation in one (Ryszewska-Pokrasniewicz et al., 2018) of the
trials.
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3.2. Risk of bias assessment

Summary of the risk of bias assessment is presented in Table 2. In the
overall classification of the studies, based on our earlier defined criteria,
two studies (Mozaffari-Khosravi et al., 2013; Peet and Horrobin, 2002)
were completely adequate across all the domains (low risk of bias), nine
(Ho et al., 2014; Jahangard et al., 2018; Khoraminya et al., 2013; Lav-
retsky et al., 2011; Mather et al., 2002; Nazarinasab et al., 2017; Nemets
et al., 2002; Shachar-Malach et al., 2015; Siwek et al., 2009) were clas-
sified as having moderate risk of bias and the remaining fifteen (Belve-
deri et al.,, 2015, Blumenthal et al., 1999, Carneiro et al., 2015,
Danielsson et al., 2014, Gertsik et al., 2012, Jazayeri et al., 2008,
Miyaoka et al., 2018, Mota-Pereira et al., 2011, Nowak et al., 2003, Pilu
et al,, 2007, Ranjbar et al., 2013, Rudzki et al., 2018, Ryszewska--
Pokrasniewicz et al., 2018, Siqueira et al., 2016 (Zeinab et al., 2018),) as
having high risk of bias. Worthy of note is the fact that almost half (seven)
of the studies classified as having high risk of bias are those in which the
intervention assessed was adjunctive exercise. This is unsurprising as it is
difficult to blind participants and investigators to this intervention, hence
the high risk of bias in this domain.

Figure 1. Flow diagram of study selection process.
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Table 1. Characteristics of included studies.

Author, (year)

Country Participants
Mean age (SD)
/Age range (yrs.)

Severity of depression
at baseline

N at baseline
(N analyzed)

Conventional
Antidepressant at

Type of intervention
(Adjunctive to TAU);

standard dosage regimen Control

Frequency/Dose/Other details ~ Duration

% female (TAU)

Belvederi et al. (2015) Italy Outpatients HAM-D > 18 84 (84) Sertraline Supervised group Three 60-min sessions per week 24 weeks
Mean age: 75 (6) progressive exercise;
72.6% female TAU

Blumenthal et al. (1999) USA Outpatients HAM-D > 13 103 (103) Sertraline Supervised aerobic Three exercise sessions per week 16 weeks
Mean age: 57 (6.5) exercise;
71.8% female TAU

Carneiro et al. (2015) Portugal Outpatients Mean BDI score = 45.83 26 (19) SSRIs (Fluoxetine, Supervised aerobic 45-50 min/week, three times a 24 weeks
Mean age: 50.2 (12.1) escitalopram, sertraline, exercise; week
100% female paroxetine) TAU

Danielsson et al. (2014) Sweden Outpatients Mean MADRS score = 24 42 (42) TCAs (clomipramine), Person-centered aerobic Two individual sessions (first 2 10 weeks
Mean age: 45.5 SSRIs (sertraline, exercise; weeks), followed by 8 weeks of
76.2% female fluoxetine), SNRI TAU two group weekly sessions (1 h per

Gertsik et al. (2012)

Ho et al. (2014)

Jahangard et al. (2018)

Jazayeri et al. (2008)

Khoraminya et al. (2013)

Lavretsky et al. (2011)

Mather et al. (2002)

Miyaoka et al. (2018)

Mota-Pereira et al. (2011)

USA Outpatients
Mean age: 40.5 (10.2)
No detail of % female

Hong kongInpatients
Mean age: 46.2
67.3% female

Iran Outpatients
Mean age: 42.46
32% female

Iran Outpatients
Mean age: 34.8
65.6% female

Iran Outpatients
Mean age: 38.88
85% female

USA Outpatients

Mean age: 70.55
61.6% female

Scotland Outpatients
Mean age: 64.95
68.6% female

Japan Outpatients
Mean age: 43.05
52% female

Portugal Outpatients
Mean age: 47.01
65.5% female

Mozaffari-Khosravi et al. (2013) Iran

HAM-D,; > 17

BDI >9

Mean BDI score = 35.9

HAM-D > 15

HAM-D > 15

HAM-Da4 > 16

42 (40): modified ITT

52 (52)

50 (50)

40 (32)

42 (40)

73 (73)

Mean HAM-D score = 17.0586 (85)

HAM-D > 16

40 (40)

Mean HAM-D score = 16.1633 (29)

Mean HAM-D score = 15.7

(venlafaxine), others

(mirtazapine, bupropion)

Citalopram

Not specified.
‘...antidepressant’

Sertraline

Fluoxetine

Fluoxetine

Escitalopram

Not specified.
¢...antidepressant
therapy’

SSRIs (fluvoxamine,

Omega-3
Polyunsaturated fatty
acids (PUFA)
supplementation;
TAU

Supervised aerobic
exercise;
TAU

Omega-3 PUFA;
TAU

Omega-3 PUFA (EPA);
TAU

Vitamin D
supplementation;
Placebo + TAU

Tai Chi Chih (Mind body One 2-hr session per week.

exercise); TAU

Weight-bearing exercises;Two 45-min classes per week.

TAU

Probiotic-CBM588;

paroxetine, escitalopram, TAU

sertraline, duloxetine),
SNRI (milnacipran).
TCAs (clomipramine,
maprotiline,
amitryptiline), SSRIs

(fluoxetine, escitalopram,

paroxetine, sertraline),
SNRI (venlafaxine).

Exercise;
TAU

session)

2 capsules (each containing 450 8 weeks
mg EPA, 100 mg DHA & 50 mg

other omega-3 fatty acids) twice

daily.

30 min per session, five timesa 3 weeks
week.

1 capsule (1000 mg) per day. 12 weeks

Two ethyl EPA soft gels (1000 mg8 weeks
EPA) daily.

1500 IU/day 8 weeks

10 weeks

10 weeks

Week 1: 20 mg twice (40 mg) 8 weeks
daily;

Weeks 2-8: 20 mg three times (60

mg) daily.

Five (One supervised) 30-40-min 12 weeks
daily walk per week.

12 weeks

(continued on next page)
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Table 1 (continued)

Author, (year) Country Participants Severity of depression N at baseline Conventional Type of intervention Frequency/Dose/Other details ~ Duration
Mean age (SD) at baseline (N analyzed) Antidepressant at (Adjunctive to TAU);
/Age range (yrs.) standard dosage regimen Control
% female (TAU)
Outpatients 81 (62): Tricyclics, Bupropion, = Omega-3 PUFA: a. EPA b.a. EPA- 1 g/day
Mean age: 35.1 Modified ITT MAOISs, SSRIs. DHA; b. DHA- 1 g/day
61.3% female TAU
Nazarinasab et al. (2017) Iran Inpatients BDI >13 58 (58) SSRIs (citalopram, Zinc (sulphate) 25 mg daily 8 weeks
Mean age: 38.54 (0.86) sertraline). supplementation;
63.8% female Placebo + TAU
Nemets et al. (2002) Isreal Unclear whether inpatients or outpatientsHAM-Dy4 > 18 17 (17) [ITT, after excluding 3 ~ SSRIs- Paroxetine, Omega-3 PUFA (E-EPA); 1 g twice (2 g) daily. 4 weeks
Mean age: 56 (10.1) participants] Fluoxetine, Fluvoxamine TAU
88.2% female & Citalopram; *NaSSA-
Mirtazapine.
Nowak et al. (2003) Poland  Unclear whether inpatients or outpatientsMean HAM-D score = 23.5520 (14) TCAs (clomipramine, Zinc supplementation; 25 mg daily 12 weeks
Mean age: 42.8 amitriptyline), SSRIs Placebo + TAU
57.1% female (citalopram, fluoxetine).
Peet and Horrobin (2002) England Outpatients HAM-D > 15 70 (69) TCAs, SSRIs, Other (NRI/Omega-3 PUFA (pure  Ethyl EPA a.1 g/day b. 2 g/day 12 weeks
Mean age: 44.75 SNRI). Ethyl EPA); c. 4 g/day
84.3% female TAU
Pilu et al. (2007) Italy Outpatients HAM-D > 13 30 (30) SSRI, SNRI, NARI, TCA. Physical activity; Two 60-min sessions per week 32 weeks
Age range: 40 -60 TAU
100% female
Ranjbar et al. (2013) Iran Outpatients Mean BDI score = 29.15 44 (38) SSRIs (citalopram, Zinc supplementation; 25 mg daily 12 weeks
Mean age: 37.25 fluoxetine) Placebo + TAU
89.5% female
Rudzki et al. (2018) Poland  Outpatients Mean HAM-D score = 21.7779 (60) SSRIs (Escitalopram, Probiotic- Lactobacillus 1 capsule, morning and night. 8 weeks
Mean age: 39.02 sertraline, paroxetine,  plantarum 299v;
71.7% female fluoxetine); TAU
TAU
Ryszewska-Pokrasniewicz et al.  Poland  Inpatients Mean HAM-D 21 score = 2937 (32) Fluoxetine; Magnesium Mg- 40 mg three times daily. 8 weeks
(2018) Mean age: 48.9 TAU supplementation;
56.8% female TAU
Shachar-Malach et al. (2015) Israel Inpatients HAM-D,; > 14 12 (12) «...antidepressant Aerobic exercise; 4 sessions/week of 30 min 3 weeks
Mean age: 43.34 medication according to Stretching exercise + walking on a treadmill at
75% female usual clinical practice...” TAU moderate intensity.
Siqueira et al. (2016) Brazil Outpatients HAM-D > 15 57 (57) Sertraline Aerobic exercise Four (continuous & intermittent) 4 weeks
Mean age: 38.83 (10.72) (individualized & sessions/week
71.9% female supervised);
TAU.
Siwek et al. (2009) Poland  Inpatients & outpatients HAM-D score = 22.9 (3.3) 60 (52) Imipramine Zinc supplementation; 25 mg daily 12 weeks
Mean age: 45.95 Placebo + TAU
66.7% female
Zeinab et al. (2018) Iran Outpatients Mean BDI score = 38.9 26 (26) SSRIs (Fluoxetine, Vitamin D 50,000 IU weekly 8 weeks
Mean age: 36.3 (10.4) Sertraline, Citalopram) supplementation;
100% female TAU

Key: TAU- Treatment as usual, SSRIs- Selective serotonin reuptake inhibitors, SNRI- Serotonin-norepinephrine reuptake inhibitor, NRI- Norepinephrine reuptake inhibitor, NaSSA-Noradrenergic and specific serotonergic
antidepressant, TCAs- Tricyclic antidepressants, MAOIs- Monoamine oxidase inhibitors, EPA- Eicosapentaenoic acid, DHA- Docosahexaenoic acid, PUFA- Polyunsaturated fatty acids, HAM-D- Hamilton depression rating
scale, BDI- Beck's depression inventory, MADRS- Montgomery-asberg depression rating scale.
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Intervention Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% CI IV, Random, 95% CI
Belvederietal,, 2015 71 42 42 117 59 42 44% -0.89[-1.34,-0.44] -
Blumenthal etal., 1999 93 653 55 78 574 48 46% 0.24 [-0.15,0.63] I~
Carneiro etal, 2015 34.89 10.56 9 494 1672 10 3.3% -0.98 [-1.94,-0.01] I
Gersiketal, 2012 957 6.81 18 1489 894 22 4% -0.65[-1.29,-0.01] =
Hoetal, 2014 17.65 11.15 26 2646 15.05 26 4.2% -0.66 [-1.21,-0.10] —
Jahangard etal,, 2018 716 1.7 25 1544 362 25 37% -2.88[-3.69,-2.07] =
Jazayeri etal,, 2008 12.87 5.8 16 17.09 6.5 16 39% -0.67 [-1.38,0.09] ]
Khoraminya etal., 2013 1.7 4.6 20 172 4186 20 4.0% -1.23[-1.91,-0.55] -
Lavretsky etal., 2011 5.1 35 36 6.7 4.4 37 44% -0.40-0.86, 0.07] =1
Mather etal., 2002 126 35 42 137 4.4 43 4.5% -0.27 [-0.70,0.15] -
Miyaoka etal., 2018 125 28 20 s 4 20 24% -5.48[-6.89,-4.07] —
Mozaffari-Khosravi et al,, 2013 DHA 137 27 20 137 27 2 41% 0.00 [-0.61, 0.61] T
Mozaffari-Khosravi et al., 2013: EPA 103 3.2 21 137 2.7 21 4.0% -1.13[1.78,-0.47] -
Nazarinasab etal., 2017 1338 31 29 131 383 29 43% 0.08 [-0.44, 0.59] T
Nemets etal., 2002 1313 574 8 206 9.5 9  32% -0.89-1.90,012] —*]
Nowak etal., 2003 517 43 6 1125 6.9 8  30% -0.96[-2.08,018] ]
Peet & Horrohin 2002: Dose 1 gid 10 32 17 142 27 17 38% -1.39 [2.14,-0.63] -
Peet & Horrohin 2002: Dose 2 ofd 138 3z 18 142 27 17 40% -013[-0.80,0.53] i
Peet & Horrohin 2002: Dose 4 gid 123 3:2 17 142 27 17 40% -0.63 [-1.32, 0.06] -
Pilu et al., 2007 81 52 10 167 91 20 37% -1.04 [-1.85,-0.23]
Ranjharetal., 2013 15.8 1.7 i 22 3862 17 36% -2.23[-3.06,-1.40] -
Rudzki etal,, 2018 603 368 30 10 7.54 30 4.3% -0.66[-1.18,-0.14] =
Ryszewska-Pokrasniewicz et al., 2018 10.7 79 17 104 6.8 15 3.9% 0.04 [-0.65, 0.73] T il
Shachar-Malach etal,, 2015 1714 214 6 2228 407 B 2.6% -1.46[-2.80,-012] =
Siqueira etal, 2016 11.38  3.94 29 1264 574 28 43% -0.25[0.77,0.27] =
Zeinahetal, 2018 15.8 33 13 204 a7 13 36% -1.27 [-2.13,-0.42] =
Total (95% CI) 571 577 100.0%  -0.88[-1.19,-0.57] 4
Heterogeneity, Tau®= 0.51; Chi*= 147.54, df= 25 (P < 0.00001); F= 83% 4_1 0 5 5 1u=

Testfor overall effect Z= 555 (P < 0.00001)

b. Mean change scores

Favours [Intervention] Favours [control]

Intervention Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Danielsson etal,, 2014 -10.3 1.6 22 -46 1.7 20 B.E6% -3.39[-4.37,-2.42) -
Hoetal, 2014 -85 11.36 26 -4.08 914 26 9.3% -0.42[-0.97,013] ==
Jahangard etal., 2018 -29.2 4.4 25 -20 54 25 9.1% -1.90 [-2.58,-1.22] -
Mivaoka etal., 2018 -19.4 1.7 20 0 083 20 40% -14.21[17.55,-10.88] ¢
Mota-Pereira etal,, 2011 -6.84  1.47 19 06 096 1m0 71% -5.477.17,-3.77] —
Mozaffari-Khosravi et al,, 2013: DHA -2 1.8 20 -1.9 23 21 9.2% -0.05 [-0.66, 0.57] =i
Mozaffari-Khosravi et al.,, 2013: EPA -5.6 37 21 -19 23 21 9.1% -1.18 [-1.84,-0.52) =
MNemets etal., 2002 -10.63  6.32 g -211 761 9 8.5% -1.158[2.20,-0.10] —
Nowak et al., 2003 -19.33 472 6 -11.38 491 8  83% -0.98[2.12,0.16] =
Pilu etal, 2007 -124 316 10 -2.6 447 20 8.6% -2.33[3.32,-1.34] I
Ryszewska-Pokrasniewicz etal, 2018 -19.8 74 17 -176 58 15 91% -0.32 [-1.02,0.38] =
Sigueira etal,, 2016 -7.82 504 29 -7.78 645 28 9.3% -0.01 [-0.53, 0.51] T
Total (95% CI) 223 223 100.0% -1.98 [-2.86, -1.10] -
Heterogeneity: Tau?= 2.08; Chi*= 155.35, df= 11 (P < 0.00001); F= 93% T * 5 : L
Testfor overall effect Z= 4.42 (P < 0.00001) Favours [Intervention] Favours [control]

Figure 2. Forest plot of the post intervention SMD of Follow-up scores (a) and Mean change scores (b) for intervention vs control. Meta-analysis for odds ratio (OR) of

binary outcome (remission) data.

3.3. The effect of the interventions on depression scores

Twenty-three out of the twenty-six trials were included in the meta-
analysis of the follow-up depression scores to determine the effect of
the interventions of interest on antidepressant treatment response. There
was a significant effect of the interventions versus control, the SMD being
-0.88 [95% CI-1.19 to -0.57] (Figure 2a). Eleven studies were included in
the meta-analysis of the mean change depression scores and the effect
estimate was also large and significant, the SMD being -1.98 [95% CI
-2.86 to -1.10] (Figure 2b).

3.4. Heterogeneity; sensitivity and subgroup analyses

The heterogeneity between studies was substantial, 1> = 83%, for
follow-up scores and I> = 93%, for mean change scores. Sensitivity
analysis of the follow-up scores carried out by excluding studies with
high risk of bias revealed similar results (-0.78 SMD; 95% CI -1.18 to
-0.39; I = 79%). Also, similar results (-0.72 SMD; -1.03 to -0.42; > =
77%) were obtained in the sensitivity analysis of the follow-up scores
based on data completeness in which studies with borrowed SDs were
excluded. Similarly, in the analysis of the mean change scores, the effect

estimate remains significant (-0.92 SMD; -1.59 to -0.24; I? = 79%) after
excluding studies with high risk of bias.

The results of the main subgroup analyses carried out are summarised
in Table 3. See supplementary materials for the results of the subgroup
analysis based on medication type. In the subgroup analysis of the follow-
up scores based on study duration (short duration- < 10 weeks vs long
duration- > 10 weeks), no significant difference was found between the
subgroups; test for subgroup difference: p = 0.61, 12 = 0%. The same
applies to the subgroup analysis based on medication type (see supple-
mentary material). On the other hand, the subgroup analysis, based on
intervention type (exercise only vs omega-3 PUFA only vs zinc only vs
probiotic only vs vitamin D only, while also retaining the ‘magnesium’
study), showed a significant difference between the subgroups; test for
subgroup difference: p = 0.04, I> = 56.1% (Figure 3). Similarly, the
pooled effect estimate of trials with participants whose mean age was
<50 years (-1.02 SMD; 95% CI -1.40 to -0.64; I? = 83%) was found to be
significantly different from that of trials with participants aged over 50
years (-0.38 SMD (95% CI -0.82 to 0.05; 12 = 74%)); test for subgroup
difference-p = 0.03; I = 78.5%. In the subgroup analysis based on pa-
tient setting (outpatient vs inpatient), there was a significant difference
(test for subgroup difference-p < 0.001; I = 91.4 %) between outpatient



Table 2. Summary of risk of bias assessment of included studies.

Author (year) Random sequence  Allocation Blinding of Blinding of Incomplete Selective reporting  Other bias  Notes on other bias
generation concealment  participants and personnel  outcome assessors  outcome data

Belvederi et al. (2015) Low Low High Low Low Low Low

Blumenthal et al. (1999) Unclear Unclear High Low Low Low Low

Carneiro et al. (2015) Low Low High High High Low Low

Danielsson et al. (2014) Low Low High Low High Low Low

Gertsik et al. (2012) Unclear Unclear High High Low Low Low

Ho et al. (2014) Low Low Unclear Low Low Low Low

Jahangard et al. (2018) Low Unclear Low Low Low Low Low

Jazayeri et al. (2008) Low Unclear Low Low High Low Low

Khoraminya et al. (2013) Unclear Unclear Low Unclear Low Low Low

Lavretsky et al. (2011) Low Low Unclear Low Low Low Low

Mather et al. (2002) Low Low Unclear Low Low Low Low

Miyaoka et al. (2018) Low High High High Low Low Low

Mota-Pereira et al. (2011) Low Unclear Unclear Low Unclear Low High Baseline difference in depression severity

Mozaffari-Khosravi et al. (2013) Low Low Low Low Low Low Low

Nazarinasab et al. (2017) Low Low Low Unclear Low Low Low

Nemets et al. (2002) Low Unclear Low Low Low Low Low

Nowak et al. (2003) Unclear Unclear Low Unclear High Low Low

Peet and Horrobin (2002) Low Low Low Low Low Low Low

Pilu et al. (2007) Unclear Unclear Unclear Unclear Low Low Low

Ranjbar et al. (2013) Unclear Unclear Low Low High Low Low

Rudzki et al. (2018) Low Low Low Low High Low Low

Ryszewska-Pokrasniewicz et al. (2018)  Unclear Unclear Low Low High Low Low

Shachar-Malach et al. (2015) Low Unclear Low Low Low Low Unclear A trend towards difference in some baseline characteristics.

Siqueira et al. (2016) Low Low High Low Low Low Low

Siwek et al. (2009) Low Unclear Low Low Unclear Low Low

Zeinab et al. (2018) Unclear Unclear Unclear Unclear Low Low Low
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Table 3. Sensitivity/Subgroup meta-analysis of continuous data (follow-up and mean change scores).

Analysis Number of Trials Meta-analysis Heterogeneity-I2 (%)
SMD 95% CI P value

a. Follow-up scores

Main analysis 26 -0.88 -1.19 -0.57 <0.001 83

Sensitivity Analysis

Analysis after excluding trials with high risk of bias 13 -0.78 -1.18 -0.39 <0.001 79

Test for subgroup difference df=1 0.74 0

Analysis after excluding trials with borrowed SD 19 -0.72 -1.03 -0.42 <0.001 77

Test for subgroup difference (vs main analysis) df=1 0.48 0

Subgroup Analysis

Study duration

Short duration (<10 weeks) 14 -0.80 -1.20 -0.40 <0.001 81

Long duration (>10 weeks) 12 -0.97 -1.48 -0.45 <0.001 86

Test for subgroup difference df = 0.61 0

Intervention type

Exercise 9 -0.51 -0.83 -0.19 0.002 65

Omega-3 PUFA ) -0.91 -1.44 -0.38 <0.001 80

Zinc 3 -1.01 -2.54 0.51 0.19 91

Probiotic 2 -3.02 -7.74 1.70 0.21 97

Vitamin D 2 -1.25 -1.78 -0.71 <0.001 0

Magnesium 1 0.04 -0.65 0.73 0.91 -

Test for subgroup difference df=5 *0.04 56.1

Age (<50 vs > 50) (yrs.)

<50 21 -1.02 -1.40 -0.64 <0.001 83

>50 5 -0.38 -0.82 0.05 0.08 74

Test for subgroup difference daf=1 *0.03 *78.5

Patient setting (Outpatients vs Inpatients)

Outpatients 22 -0.97 -1.32 -0.62 <0.001 84

Inpatients 4 -0.34 -0.88 0.20 0.22 59

Test for subgroup difference df=1 0.05 72.9

b. Mean change scores

Main analysis 12 -1.98 -2.86 -1.10 <0.001 93

Sensitivity Analysis

Analysis after excluding trials with high risk of bias 5 -0.92 -1.59 -0.24 0.008 79

Test for subgroup difference daf=1 0.06 72.0

Subgroup Analysis

Patient setting (Outpatients vs Inpatients)

Outpatients 10 -2.44 -3.55 -1.34 <0.001 94

Inpatients 2 -0.38 -0.82 -0.05 0.08 0

Test for subgroup difference df=1 *< 0.001 *91.4

Key: PUFA- Polyunsaturated fatty acids, SMD- Standardized mean difference, CI- Confidence interval, df - degree of freedom, SD- Standard deviation; * indicates

significant subgroup difference.

and inpatient in the analysis of the mean change scores. This difference
only tended towards statistical significance with follow-up scores data
(test for subgroup difference-p = 0.05; 2 = 72.9%).

These results suggest that the substantial heterogeneity observed in
this study may be partly due to differences in intervention type, age and
patient setting.

3.5. Effect of interventions on remission

Eleven trials (n = 559) reported remission as a binary outcome.
Remission at follow-up was defined in clinically similar ways but with
subtle methodological variations. These include: HAM-D score <10
(Belvederi et al., 2015), no longer meeting DSM-IV criteria for MDD
(Blumenthal et al., 1999), at least 50% improvement in the primary ef-
ficacy variable with a post-intervention MADRS score of <10 (Danielsson
et al., 2014), MADRS score of <10 (Ho et al., 2014), HAM-D score <6

(Lavretsky et al., 2011; Ryszewska-Pokrasniewicz et al., 2018; Sha-
char-Malach et al., 2015), HAM-D score of <7 (Gertsik et al., 2012;
Miyaoka et al., 2018; Mota-Pereira et al., 2011), 'very much improved' on
CGI (clinical global impression) scale plus scores on MADRS <10 or
HAM-D < 7 or BDI <9 (Siwek et al., 2009). The random-effects meta--
analysis of these trials gave an odds ratio (for remission) of 2.28 (95% CI
1.42 to 3.66; = 27%), see Figure 4. The number needed to treat (NNT)
was 6, meaning that 6 patients need to be treated to achieve one more
remission.

Although, there was no significant heterogeneity in the ‘remission’
analysis, subgroup analyses (similar to those carried out for the contin-
uous data) were also considered and conducted for remission. As ex-
pected, the analyses showed no evidence of age, patient setting or
medication type effect (see supplementary material). Similar to the
analysis of mean change scores, subgroup analysis based on intervention
type was not feasible using remission data.
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Intervention Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, 95% CI IV, Random, 95% CI
1.1.1 Exercise only
Belvederietal,, 2015 71 42 42 117 59 42 44% -0.89[-1.34,-0.44] -
Blumenthal et al., 1999 93 6.53 55 78 475 48 46% 0.24 [-0.15, 0.63] T
Carneiro etal., 2015 34.89 10.56 9 494 1672 10 3.3% -0.98 [-1.94,-0.01] -
Hoetal, 2014 17.65 1115 26 2646 15.05 26 42% -0.66 [-1.21,-0.10] Ea
Lavretsky et al., 2011 5.1 38 36 6.7 4.4 37 44% -0.40[-0.86, 0.07] =1
Mather etal., 2002 126 3.5 42 137 4.4 43 4.5% -0.27 [-0.70,0.14] -
Piluetal, 2007 8.1 5.2 10 167 9.1 20 37% -1.04 [-1.85,-0.23] —
Shachar-Malach etal,, 2015 1714 214 6 2228 407 B 2.6% -1.46[-2.80,-012] -
Sigueira etal, 2016 11.38 394 29 1264 574 28 43% -0.25[-0.77,0.27] |
Subtotal (95% CI) 255 260 36.0% -0.51 [-0.83, -0.19] ¢
Heterogeneity: Tau®= 0.14; Chi*= 22.64, df= 8 (P = 0.004); F= 65%
Testfor overall effect Z=3.12 (P=0.002)
1.1.2 Omega-3 PUFA only
Gertsik etal,, 2012 957 681 18 1489 894 22 41% -0.65[-1.29,-0.01] -
Jahangard etal,, 2018 716 1.7 25 1544 362 25 37% -2.88 [-3.69,-2.07] e
Jazayeti etal, 2008 12.87 5.8 16 17.09 6.5 16 3.9% -0.67 [-1.38, 0.05] -
Mozaffari-Khosravi et al,, 2013: DHA 137 2.7 20 137 2.7 21 4.1% 0.00 [-0.61, 0.61] ~
Mozaffari-Khosravi et al,, 2013: EPA 103 3.2 21 137 2.7 21 4.0% -1.13[1.78,-0.47] -
Nemets etal., 2002 1313 574 8 2086 9.5 9  32% -0.891.90,012] —
Peet & Horrohin 2002: Dose 1 oid 10 3.2 17 142 27 17 3.8% -1.39[-2.14,-0.63] -
Peet & Horrohin 2002: Dose 2 gid 13.8 3.2 18 142 2.7 17 40% -0.13[-0.80,0.53] -
Peet & Horrohin 2002: Dose 4 oid 12.3 32 17 142 27 17 4.0% -0.63 [-1.32, 0.06] ==
Subtotal (95% CI) 160 165 34.8% -0.91 [-1.44, -0.38]
Heterogeneity: Tau®= 0.52; Chi®= 39.76, df= 8 (P < 0.00001); F= 80%
Test for overall effect: Z= 3.35 (P = 0.0008)
1.1.3 Zinc only
Nazarinasah etal., 2017 1338 32 29 131 383 29 43% 0.08 [-0.44, 0.59] ==
Nowak et al., 2003 517 43 6 11.25 69 8 3.0% -0.96 [-2.09,0.18] 7
Ranjbaretal,, 2013 16.8 1.7 21 22 362 17 36% -2.23[-3.06,-1.40] ==
Subtotal (95% CI) 56 54 10.9% -1.01[-2.54, 0.51] ol
Heterogeneity: Tau®= 1.62; Chi*= 21.80, df= 2 (P = 0.0001); F=91%
Testfor overall effect Z=1.30(P=019)
1.1.4 Probiotic only
Mivaoka etal, 2018 125 28 20 318 4 20 2.4% -5.48 [-6.89,-4.07] I
Rudzki etal., 2018 6.03 368 30 10 7.54 30 43% -0.66 [-1.18,-0.14] ==
Subtotal (95% CI) 50 50 6.8% -3.02[-7.74,1.70] e ———
Heterogeneity: Tau®=11.32; Chi*= 39.57, df=1 (P < 0.00001); F=97%
Test for overall effect. Z=1.26 (P =0.21)
1.1.5 Vitamin D only
Khoraminya etal,, 2013 1.7 4.6 20 172 416 20 4.0% -1.23[1.91,-0.55] ——
Zeinah etal, 2018 15.8 33 13 204 37 13 36% -1.27[-2.13,-0.42] S
Subtotal (95% CI) 33 33 7.5% -1.25[-1.78,-0.71] L 2
Heterogeneity: Tau® = 0.00; Chi*= 0.01, df= 1 (P = 0.94); F= 0%
Testfor overall effect Z= 4.58 (P < 0.00001)
1.1.6 Magnesium only
Ryszewska-Pokrasniewicz et al., 2018 107 7.9 17 104 6.8 15 3.9% 0.04 [[0.65,0.73] o
Subtotal (95% CI) 17 15 3.9% 0.04 [-0.65, 0.73] L 2
Heterogeneity: Not applicable
Test for overall effect: Z= 011 (P=0.91)
Total (95% CI) 571 577 100.0% -0.88 [-1.19, -0.57] 4
Heterogeneity: Tau®= 0.51; Chi*= 147.54, df= 25 (P < 0.00001); F=83% 5_1 0 é 1D=

Test for overall effect: Z= 5.55 (P < 0.00001)

Testfor subaroup differences: Chi*=11.40, df= 5 (P = 0.04), F= 56.1%

Favours [Intervention] Favours [control]

Figure 3. Forest plot of post intervention SMD of Follow-up scores for intervention vs control: Subgroup analysis.

3.6. Publication bias

Visual inspection of the funnel plots of both the follow-up scores,

using Egger's test. This suggests a likelihood of publication bias in which
small studies with small effect sizes were not published, hence, missing

from this meta-analysis. It could also mean that small studies (with high

mean change scores and remission data (see Supplementary Material)
revealed some asymmetry and was found to be significant (p < 0.001 for
both the follow-up & mean change scores; p = 0.025 for remission data)

Total Events Total Weight M-H, Random, 95% Cl

level of imprecision) contributed more to the effect estimate.

Odds Ratio Odds Ratio

M-H, Random, 95% CI

Intervention Control

Study or Subgroup Events

Belvederietal,, 2015 34 42 19 42
Blumenthal et al., 1999 36 58 33 48
Danielsson etal., 2014 7 22 3 20
Gensiketal, 2012 8 18 4 22
Hoetal, 2014 14 26 if: 26
Lavretsky etal., 2011 23 36 19 a7
Miyaoka etal.,, 2018 7 20 1] 20
Mota-Pereira etal., 2011 5 19 1) 10
Ryszewska-Pokrasniewicz etal,, 2018 3] 17 4 18
Shachar-Malach etal,, 2015 2 B 1] B
Siwek etal., 2009 15 27 12 29
Total (95% CI) 288 271
Total events 157 101

Heterogeneity: Tau*= 0.16; Chi*=13.75, df=10{P=018); F=27%
Test for overall effect: 2= 3.42 (P = 0.0006)

14.1% 5.14[1.93,13.72] —_—
17.1% 0.86[0.38, 1.97] ——
7.6% 2.64 [0.58, 12.09] O
8.4% 3.60 [0.86, 15.01] —
11.3% 3.17[0.99,10.10] —
14.9% 1.68 [0.66, 4.28] o
24%  22.78[1.20, 432.58] _—*
23%  7.97[0.40,160.32] >
7.6% 1.50 [0.33, 6.83] —_—
20%  7.22[0.28,189.19] >
12.3% 1.35[0.45, 4.03] e
100.0% 2.28 [1.42, 3.66] e
; } I |
0.01 0.1 10 100

Favours [control] Favours [Intervention]

Figure 4. Forest plot of the OR of remission for intervention vs control.
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Table 4. Summary of findings.

Intervention (lifestyle & dietary-related) compared with control for depression

Patient/Population: depression

Setting: Inpatients or Outpatients

Intervention: Exercise, vitamin D supplementation, zinc supplementation, magnesium supplementation, probiotics or omega-3 fatty acids (all adjunctive)

Comparison: control (treatment as usual- TAU or TAU + Placebo)

No of participants (studies) Quality of evidence (GRADE) Comments

Effects: SMD/OR (95% CI)

Outcomes

Relative

Absolute

Lower depression score means improvement. SMD of 0.3 is deemed clinically relevant.
Quality downgraded by 2 based on inconsistency (substantial heterogeneity) and

& b oo
Low

1,093 (23 RCTs)

0.88 SMD lower (0.57 lower to

SMD -0.88 (-1.19, -0.57)

Follow-up scores

1.19 lower) in intervention group

publication bias (asymmetry of funnel plot & significant small study effect from Egger's test).

Lower depression score means improvement. SMD of 0.3 is deemed clinically relevant.

Quality downgraded by 2 based on inconsistency and publication bias.

@ P oo
Low

425 (11 RCTs)

1.98 SMD lower (1.10 lower to

Mean change scores SMD -1.98 (-2.86, -1.10)

2.86 lower) in intervention group

OR 2.28 (1.42, 3.66)

Remission is defined (with subtle variations) as no longer meeting the criteria for depression.

Quality downgraded by 1 based on publication bias.

@® D do

559 (11 RCTs)

Remission

Moderate
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3.7. Assessment of quality of evidence across studies

The quality of evidence obtained from the studies included in this
systematic review was graded as moderate (effect on remission) or low

Symbol Quality Interpretation GRADE ratings
and their

interpretation

O e 0D High We are very confident that the true
effect lies close to that of the

estimate of the effect.

D@ Bo Moderate We are moderately confident in
the effect estimate: the true effect
is likely to be close to the estimate
of the effect, but there is a
possibility that it is substantially

different.

Our confidence in the effect
estimate is limited: the true effect
may be substantially different
form the estimate of the effect.

@ @ oo Low

@ooo Very low We have very little confidence in
the effect estimate: the true effect
is likely to be substantially

different form the estimate of the

effect.

(From the GRADE Handbook, available at http://gdt.guidelined
evelopment.org/app/handbook/handbook.html#h.9rdbelsnu4iy).

RCTs: Randomized clinical trials; SMD; Standardized mean difference; CI: Con-
fidence interval; SD: Standard deviation.

(effect on follow-up and mean change scores). This is because, in the
GRADE assessment, the quality of evidence was downgraded by 2 (based
on inconsistency and publication bias) for the effect estimates of the
follow-up and mean change scores and downgraded by 1 (publication
bias) for remission. The summary of findings for all the outcomes is
presented in Table 4.

Meta-analysis for standardized mean difference (SMD) of continuous
outcome (follow-up depression scores & mean change in depression
scores) data.

4. Discussion
4.1. Main findings

This systematic review included 26 studies (1216 participants ana-
lysed) which assessed the effect of six different types of adjunctive insulin
sensitivity-enhancing lifestyle- and dietary-related interventions in
improving treatment response to conventional antidepressants. These
interventions include adjunctive exercise, omega-3 polyunsaturated fatty
acids (PUFA), zinc supplementation, probiotics, vitamin D supplemen-
tation and magnesium supplementation. The results showed a significant
antidepressant treatment response-improving effect of the intervention,
assessed as both reduction in depression scores- Figure 2 (a & b) and
remission- Figure 4. From the estimated NNT, six patients need to be
treated to achieve one more remission. The sensitivity analyses per-
formed did not change the results of the study, indicating the robustness
of the effect estimates. Subgroup analyses of the follow-up scores data
revealed some level of intervention effect (greater effect seen with ex-
ercise, omega-3 PUFA & Vitamin D) as well as age effect, with younger
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adults (aged <50 years) having a better response. The subgroup analysis
based on patient setting suggests that inpatients benefited less from the
interventions than outpatients. Heterogeneity was not a concern in the
meta-analysis of remission data.

4.2. The effect of the assessed interventions on depression: possible link
with insulin sensitivity-enhancing potential

The results of this study is consistent with those of studies which had
previously separately analyzed the antidepressant effect of exercise
(Schuch et al., 2016), omega-3 PUFA (Sarris et al., 2016) and vitamin D
supplementation (Spedding, 2014). It also supports the previously re-
ported beneficial effects of magnesium (Serefko et al., 2016), zinc (Lai
et al., 2012) and probiotics (Huang et al., 2016) on depression symptoms.
In the subgroup analysis based on intervention type, the insignificant
effect estimates from zinc and probiotic group may be due to the small
number of studies that made up these two subgroups coupled with the
very high level of inconsistency (heterogeneity) observed between the
included studies. For the ‘magnesium subgroup’, only one study is
included in this case and as such not really fit for a subgroup. Therefore,
more relevant ‘magnesium studies’ will be needed in the future for a
better interpretation of this particular subgroup analysis. The age effect
revealed by the subgroup analysis is consistent with the findings from a
study which assessed the effect of an adjunctive insulin sensitizer (pio-
glitazone) in patients with unremitted depression (Lin et al., 2015).
Similar to our findings, the study found pioglitazone to be more benefi-
cial in younger aged patients. This might be because older adults tend to
present with a more chronic course of depression and respond less to
treatment with antidepressants compared to younger population (Haigh
et al., 2018). Moreover, regarding insulin sensitivity, aging-induced
impairment in f-cell function and adaptation to insulin resistance (Lee
and Halter, 2017) may limit the effectiveness of lifestyle interventions in
correcting any underlying insulin resistance in older populations. The
observed difference across patient settings (outpatients vs inpatients)
may be because only few studies included inpatients, hence, the analysis
of this subgroup might not be sufficiently powered to detect any signif-
icant effect. It could also be due to higher risk of placebo effect among
inpatients, since inpatients generally tend to have higher level of inter-
action with clinicians and other relevant healthcare workers.

In this systematic review, these adjuncts were jointly assessed for
antidepressant treatment response-improving effect on the basis of their
previously reported insulin sensitivity-enhancing potential. This was
borne out of the observed association between depression and insulin
resistance (Kan et al., 2013) and the fact that insulin resistance has been
tagged an ‘unmasked culprit’ in depression with the identification of
molecular mediators (e.g. glutamate, BDNF) linking these two disorders
(Watson et al., 2018). Moreover, depression and metabolic disorders
share similar risk factors including an array of clinical, genetic, neuro-
biological and environmental factors and mood disorders have been
proposed to exist as part of a ‘metabolic-mood syndrome’ (Mansur et al.,
2015). The assessed interventions are suggested to improve insulin
sensitivity via a number of mechanisms. Exercise improves insulin
sensitivity via skeletal muscle contraction-induced increase in glucose
uptake, resulting from exercise-induced increase in the number of
glucose transporter-GLUT4 at relevant skeletal muscle sites (Bird and
Hawley, 2017). It also increases glycogen synthase activity and skeletal
muscle capillarisation (Bird and Hawley, 2017). Exercise and weight loss
reduce C-reactive protein, adhesion molecule 1 and serum amyloid A, all
of which have been linked with impaired insulin sensitivity. Zinc is an
important mineral which plays crucial roles in insulin secretion (from
pancreatic fB-cells) and signaling pathways essential for insulin action
(Cruz et al., 2018) through molecular mechanisms which are beyond the
scope of this systematic review. This supports an earlier finding of a
strong correlation between plasma zinc levels and insulin sensitivity in
pre-diabetic subjects (Vashum et al., 2014). Similarly, magnesium acts as
a cofactor for enzymes involved in carbohydrate metabolism.
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Importantly, it regulates electrical signaling and insulin secretion in
pancreatic B-cells and plays critical role in phosphorylation of tyrosine
kinase receptors, including insulin receptor (Kostov, 2019). Hence,
magnesium is an insulin sensitizer which facilitates both the secretion
and action of insulin. Both animal and clinical studies have also
demonstrated that Vitamin D performs similar roles (involvement in in-
sulin secretion and signaling) in the body (Al-Shoumer and Al-Essa,
2015). Indeed, vitamin D receptors are present in several body tissues
and vitamin D deficiency adversely affects insulin synthesis/secretion
and is linked with impaired glucose tolerance (Al-Shoumer and Al-Essa,
2015). Furthermore, mechanisms potentially underlying the insulin
sensitivity-enhancing effect of probiotics include reduction of systemic
inflammation, reduction of intestinal permeability and lowering of
oxidative stress (Kim et al., 2018). Worthy of note is the fact that, mi-
crobial dysbiosis (with attendant increase in pro-inflammatory com-
pounds & gut permeability) is associated with type 2 diabetes (Crommen
and Simon, 2017), the precursor of which is insulin resistance. Growing
evidence suggest that omega-3 polyunsaturated fatty acids directly
enhance insulin secretion via regulation of membrane structure and
properties, inhibition of eicosanoids (pro-inflammatory mediators),
binding to G-protein-coupled receptors in p-cells, induction of insulin
sensitizing adipokines and binding to peroxisome proliferator-activated
receptor gamma (Wang and Chan, 2015), the nuclear receptor involved
in the mechanism of action of the thiazolidinedione class of insulin
sensitizers.

Of course, other mechanisms have also been suggested to underpin
the antidepressant effect of these interventions. Exercise has been sug-
gested to improve depression symptoms via its beneficial effect on hip-
pocampal morphology as altered hippocampal morphology, especially
reduction in volume, has been consistently reported in depressed pa-
tients. Exercise increases hippocampal volume and mitigates cumulative
life stress on hippocampal structure, in late life (Gujral et al., 2017). A
recent clinical study (Kerling et al., 2017) and systematic review (Mackay
et al., 2017) have also found that exercise induces synthesis of brain
derived neurotrophic factor (BDNF), a trophic factor known to promote
brain plasticity, hence, associated with cognition and antidepressant ef-
fect. Also, zinc is found in all body tissues including the brain; where it is
tightly regulated, predominantly found within glutamatergic neurons
and with higher concentrations in the cortex, hippocampus and amyg-
dala (Petrilli et al., 2017). Its antidepressant effect has been linked to its
role in promoting BDNF synthesis and neurogenesis as well as regulation
of synaptic plasticity (Petrilli et al, 2017). Zinc -counteracts
depression-related glutamatergic hyperactivity by modulating NMDA
receptor activity (Mlyniec, 2015). It also modulates monoaminergic
system (Doboszewska et al., 2017). Magnesium is a natural calcium
antagonist which shares similar antidepressant mechanisms as described
for zinc above and promotes activation of
calcium/calmodulin-dependent protein kinase I (CaMKII) (Serefko et al.,
2016). Similarly, vitamin D has been suggested to improve depression
symptoms by regulating expression of calcium homeostasis genes, anti-
oxidant genes and mitochondrial proteins as well as serotonin synthesis
(Berridge, 2017). It also controls inflammation and epigenetic processes
(Berridge, 2017). Additionally, probiotics, via anti-inflammatory mech-
anisms, is thought to elicit antidepressant effect by counteracting the
immune and inflammatory activation associated with depression (Park
et al., 2018), while also increasing the circulation of serotonin through
microbiome signaling (Wallace and Milev, 2017). The antidepressant
effect of polyunsaturated fatty acids- PUFAs (especially EPA and DHA)
has been proposed to be via anti-inflammatory mechanisms in neural
cells and modification of neuronal signaling through modification of
plasma membrane (Burhani and Rasenick, 2017).

4.3. Strengths and limitations

The strength of this systematic review is that it was performed by a
comprehensive bibliographic search, using a very broad search strategy.
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It is also based on a published protocol. Additionally, the inclusion of
both continuous and binary outcomes enabled a robust assessment of the
primary outcome (effect of the interventions in question on antidepres-
sant treatment response). The data from the included studies was also
pooled in a meta-analysis given that all the interventions are considered
as lifestyle and dietary related therapies with insulin sensitivity
enhancing potential. In the current systematic review, random sequence
generation was adequate in 69.2% of the included trials, compared with
14.5% and 47.9% of the trials generally assessing drug and non-drug
interventions, respectively (Krogh et al., 2015). Allocation concealment
was adequate in 42.3%, compared with 5.5% and 15.1% of trials
assessing drug and non-drug interventions, respectively. Blinding of
outcome assessors was adequate in 69.2% of the included trials for this
systematic review, compared with 43.8% of trials generally assessing
non-drug interventions (Krogh et al., 2015).

As none of the included studies reported the secondary outcome of
interest, as per our protocol (effect on parameters of insulin sensitivity) it
was not possible to conduct multivariate analysis. Importantly, this
identifies a research gap in this field that needs urgently to be addressed.
Another limitation of this study is the non-uniform distribution of the six
different interventions assessed which has the potential to limit the
generalizability of the observed effect to all the intervention types.
Moreover, only two of the included trials had low risk of bias across the
assessed domains, with the rest classified as having either a moderate risk
of bias or high risk of bias. This is partly because exercise is the assessed
intervention in a relatively large proportion of the included trials, in
which case, it is difficult to blind the participants and the personnel to the
treatment administered.

5. Conclusions

The findings from this study suggest that antidepressant treatment
response may be improved through the use of lifestyle and dietary related
adjuncts which have the potential to enhance insulin sensitivity. It also
indicates the likely involvement of insulin sensitivity/resistance in
contributing to antidepressant effectiveness. Further clinical studies are
necessary which may lead to altered treatment pathways and enhanced
patient outcomes.
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