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Does Melatonin and Melatonin Agonists Improve the Metabolic
Side Effects of Atypical Antipsychotics?: A Systematic Review and
Meta-analysis of Randomized Controlled Trials
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Atypical antipsychotics (AAPs) are increasingly used for the treatment of psychotic disorders but are known to be asso-
ciated with metabolic abnormalities. This study is a systematic review and meta-analysis of randomized controlled trials
(RCTs) studying the effectiveness of melatonin for the amelioration of AAP-induced metabolic syndrome. The MEDLINE
(accessed via PubMed), Cochrane Central Register of Controlled Trials (CENTRAL), ClinicalTrials, PsycINFO, LILACS,
CINAHL, and OpenGrey databases were searched for RCTs without language restrictions. Inclusion criteria were rando-
mized, double-blind clinical trials comparing melatonin or melatonin agonists with placebo for the amelioration of
AAP-induced effects at any age with selected components of metabolic syndrome as outcome measures. Two reviewers
independently selected articles and assessed quality using Cochrane risk of bias and concealment tools. Of 53 records,
five RCTs were eligible for the systematic review and three for the meta-analysis. The meta-analyses showed no statisti-
cally significant difference in any anthropometric or metabolic variable considered. Analysis according to psychiatric
diagnosis from one RCT showed significant decreases in diastolic blood pressure (5.5 vs. —5.7 mmHg for the placebo
and melatonin groups, respectively; p=0.001), fat mass (2.7 vs. 0.2 kg, respectively; p=0.032), and triglycerides (D)
(50.1 vs. —20 mg/dl, respectively; p=0.08) in the bipolar group but not the schizophrenia group. Although limited to
five RCTs with small sample sizes, evidence from RCT indicates that melatonin improves AAP-induced metabolic
syndrome. This beneficial effect seems more significant in patients with bipolar disorder than those with schizophrenia.
Further RCTs are needed to definitively establish the potential ameliorative effect of melatonin and to justify its efficacy
as an add-on therapy to curtail AAP-induced metabolic syndrome.
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INTRODUCTION

The second-generation antipsychotics (SGAs), also
known as atypical antipsychotics (AAPs), are increasingly
used to treat psychiatric disorders. They are rapidly be-
coming a favorite first choice for this indication, mainly
due to their low propensity to cause extrapyramidal ad-
verse effects and favorable efficacy in ameliorating both
positive and negative symptoms.” Some studies have,
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however, shown that these novel compounds are asso-
ciated with metabolic abnormalities characterized by hy-
perglycemia, dyslipidemia, and an increased risk of dia-
betes mellitus.”” Metabolic syndrome is characterized by
the symptoms of central obesity, insulin resistance, athe-
rogenic dyslipidemia, hypertension, ischemic heart dis-
ease (IHD), and overall mortality.*” Raised triglyceride
(TG) levels, decreased high-density lipoproteins (HDL),
elevated blood pressure (BP), and diabetes mellitus con-
stitute the important criteria for metabolic syndrome.”
According to criteria established by the National Heart,
Lung, and Blood Institute and the American Heart
Association,” an individual is defined as having metabol-
ic syndrome if he/she has at least three of the following:
waist circumference >102 cm in males and >88 cm in
females, plasma TGs >150 mg/dl, plasma HDL <40
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mg/dl, BP >130/85 mmHg, and fasting glucose >110
mg/dl. Metabolic side effects seen with long-term intake
of AAPs include increases in weight, dyslipidemia, hyper-
glycemia, insulin resistance, and an increased risk of
IHD.*” Among the commonly prescribed AAPs, olanza-
pine and clozapine have been noted to frequently induce
profound weight gain.'"""

Several management strategies have recently been pro-
posed to reduce the metabolic burden of AAPs. Drugs that
have been used to prevent AAP-associated metabolic dis-
turbances include metformin, nizatidine, topiramate, and
fluoxetine.'” However, results on the efficacy of such
strategies are contradictory since they are also known to
produce intolerable side effects, which has necessitated a
search for alternatives. A potential approach for prevent-
ing AAP-induced metabolic syndrome without adverse
effects is the use of the endogenous hormone melatonin."”

Melatonin is synthesized in the pineal gland, from
where it is released into the circulation in response to
photic light/dark information transmitted from the retina
to the suprachiasmatic nucleus of the hypothalamus.'? Its
biological activities include scavenging free radicals,
modulating sleep, and regulating energy metabolism and
fat distribution." Melatonin has been shown to be effec-
tive in improving metabolic syndrome through its anti-hy-
perlipidemic action, anti-inflammatory action, modu-
latory action on insulin’s synthesis and release, and its an-
ti-oxidant actions.'® Melatonin exerts many physiological
actions by acting through membrane bound (types 1 and
2 melatonin receptors [MT1 and MT2]), although its free-
radical scavenging actions do not require any mediation
of melatonin receptors. Some of the actions mediated by
melatonin receptors are MT1 melatonin receptors medi-
ated vasoconstriction, whereas MT2 melatonin receptors
mediate melatonin’s vasodilator effects. Melatonin re-
ceptors have been identified in various peripheral tissues
concerned with regulation of energy and metabolism, and
cardiovascular system.”

Studies have been performed examining the effects of
melatonin on AAP-induced metabolic syndrome, but de-
finitive guidelines on its use in this setting are lacking.

The objective of this review was to identify and system-
atically evaluate the evidence on the effectiveness of mel-
atonin for ameliorating the metabolic side effects of AAPs.

METHODS

The preferred reporting items for systematic reviews
and meta-analyses (PRISMA) guidelines were adopted."”
The flow of studies is summarized in Figure 1.

Inclusion Criteria for Studies Included in This Review

Blinded or unblinded randomized controlled trials
(RCTs) of subjects treated with AAPs were included re-
gardless of age, sex, ethnicity, and diagnosis and includes
children and adults with disabilities. Uncontrolled and
non-randomized trials were excluded. Trials in which
exogenous melatonin or melatonin agonist (added to any
AAP) was compared with placebo (added to any AAP) to
evaluate the effect on metabolic side effects of AAPs were
considered.

1 additional
identified through records identified
database through other
searching sources

PubMed 42

ClinicalTrials.gov 5

CENTRAL 5

LILACS 0

CINAHL 1

OpenGrey 0

53 records

v

‘ 43 records after duplicates

removed

}

43 records
screened

}

10 full-text articles 5 full-text articles
assessed for —» excluded, with
eligibility reasons

)

5 of studies
included in
qualitative synthesis

}

3 studies included
in quantitative
synthesis
(meta-analysis)

33 records
excluded

Fig. 1. PRISMA study flow diagram.
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Outcomes
Mean change from baseline to endpoint in the follow-
ing metabolic variables:
Body weight
Body mass index (BMI)
Waist circumference
Hip circumference
Systolic blood pressure (SBP)
Diastolic blood pressure (DBP)
Total cholesterol (TC)
LDL cholesterol (LDL-C)
HDL cholesterol (HDL-C)
Triglycerides (TG)
Fasting blood glucose (FBG)
Glycosylated hemoglobin (HbA1c)
Heart rate
Outcomes were kept in their natural units.

Search Methods for Study Identification

Electronic searches

A comprehensive review of the literature in compu-
terized databases and searches to find unpublished trials
were performed to minimize publication bias. The follow-
ing electronic databases and data sources were searched
through June 2017:

- MEDLINE (accessed by PubMed)

- Cochrane Central Register of Controlled Trials
(CENTRAL) (Issue 12, The Cochrane Library, December
2014)

- ClinicalTrials.gov (available at: https://clinicaltrials.
gov/ct2/home)

- LILACS (available at: http://lilacs.bvsalud.org/en/)

- CINAHL

- OpenGrey (available at: http://www.opengrey.eu/)

Searching other resources

Supplementary manual searches of the reference lists of
included trials were also conducted. The pharmaceutical
company Nathura (a melatonin manufacturer; Reggio
Emilia, Italy) was contacted directly to identify un-
published trials or data missing from articles. There were
no language restrictions.

Data Collection and Analysis

Study selection

Following initial searches, all paper titles and abstracts
were examined and assessed for relevance and appropri-
ateness of the main question under review. Full texts of
potentially relevant papers were obtained. Paper authors
were contacted where necessary.

Quiality assessment

Trials were scrutinized, and the methodological quality
of all included studies was evaluated. Two reviewers (SCI
and FB) independently evaluated RCT quality and any dis-
crepancies were resolved by discussion. Quality assess-
ment included the following methodological aspects:
study design, definition and clinical relevance of out-
comes, type of control, method of allocation conceal-
ment, total study duration, completeness of follow-up, in-
tention-to-treat analysis, data concerning adverse effects,
risk of bias, and conflict of interests. The randomized trials
were judged on the reported method of allocation con-
cealment and on the risk of bias as outlined in the
Cochrane Handbook for Systematic Reviews of Interventions
version 5.1.0 [updated March 2011]."® Author disclo-
sure, conflicts of interest, and sponsorship by pharma-
ceutical companies were evaluated.

Data extraction

The participant characteristics (total number, age, and
sex of participants for each treatment group), intervention
description (type, length of session, frequency), control
group description, duration of follow-up, number of pa-
tients randomized at baseline and number at follow-up,
and effect measures (pre- and post-mean and standard de-
viations in intervention and control arms, mean change
scores and standard deviations if reported) were extracted
from each eligible study. Data were independently ex-
tracted and checked for accuracy and completeness by
SCl and FB. Any discrepancies were resolved by discussion.

Data Analysis Plan

We sought data on the number of participants in the
treatment groups and with each outcome. Clinically ap-
propriate and methodologically heterogeneous results
were summarized in a meta-analysis. Continuous data
(mean change from baseline to endpoint in metabolic var-
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iables) were analyzed by calculating the mean difference
for each trial, with the uncertainty in each study being ex-
pressed using 95% confidence intervals (Cl). Homogeneity
in study results was evaluated using the chi-squared test
combined with the /° statistic, and the hypothesis of ho-
mogeneity was rejected if the p value was less than 0.10.
The interpretation of /* for heterogeneity was as follows:
0-25% represented low heterogeneity, 25-50% moderate
heterogeneity, 50-75% substantial heterogeneity, and
75-100% high heterogeneity.'” Trial outcomes were
combined to obtain a summary estimate of effect (and the
corresponding Cl) using a random-effect model.

Statistical analyses were undertaken using Review
Manager Software (ver. 5.3; The Cochrane Collaboration,
Copenhagen, Denmark).

RESULTS

Search Results

The search strategy yielded 53 results (42 MEDLINE, 5
CENTRAL, 5 ClinicalTrials.gov, 0 LILACS, 1 CINAHL, 0
OpenCirey, and 1 additional record identified in reference
lists). Nathura was contacted (August 2015), but no addi-
tional unpublished trials were found. After excluding du-
plicate studies (11) and reading the abstracts, 10 studies
were provisionally selected according to the inclusion

Table 1. Features of studies included in the systematic review

and exclusion criteria. After reading the full texts a further
5 studies were excluded. Hence, 5 studies (Fig. 1) were fi-

. 13,20-23
nally included. )

STUDY CHARACTERISTICS

The main features of the included studies have been
summarized in Table 1.

Borba et al., 2011

This was a double-blind, placebo-controlled, 8-week
pilot trial to study the effect of ramelteon on obesity and
metabolic disturbances among subjects with schizo-
phrenia. Vital signs, anthropometric measurements, includ-
ing height, weight, waist circumference, and body fat
were assessed and laboratory assays were tracked to mon-
itor changes in metabolic markers. Twenty-five subjects
were randomly assigned to treatment with study drug or
placebo and twenty subjects were included in the final
analysis. Ramelteon did not improve anthropometric
measurements, glucose metabolism and inflammatory
markers. There was, however, a significant decrease in TC
and cholesterol to HDL ratio in the ramelteon group.
While the standard anthropometric measures did not
show significant change, the DEXA scan showed a trend
toward reduction in fat in the abdominal and trunk areas

Stud Characteristics Intervention Intervention Duration Study
Y of participants (active group) (control group) of FU (wk) outcome
Borba 19 patients, 18-65 yr, Olanzapine, clozapine, Olanzapine, clozapine, 8 Decrease in total cholesterol
etal, 2011 either schizophrenia quetiapine or quetiapine or level and a reduction in fat in
or schizoaffective risperidone, ramelteon risperidone, placebo the abdominal and trunk
disorder 8 mg/day areas in ramelteon group
Modabbernia 34 males and females Olanzapine 25 mg/day Olanzapine 25 mg/day 8 Less weight gain, BMI, waist
etal, 2014 adults, 18-65 yr, first and clonazepam 2 mg and clonazepam 2 mg circumference & triglyceride
episode schizophrenia melatonin 3 mg placebo level in melatonin group
Mostafavi 48 adolescents, 11-17 yr,  Melatonin (3 mg/day), Placebo, lithium 12 Melatonin attenuates increase
etal, 2014 first time diagnosis of lithium carbonate (3-4 carbonate (3-4 mg/day) of systolic BP and
bipolar mood disorder mg/day) and olanzapine and olanzapine (5-10 cholesterol level
(5-10 mg/day) mg/day)
Romo-Nava 44 adults, 18-45 yr, Olanzapine, clozapine, Olanzapine, clozapine, 8 Melatonin attenuates the
etal,, 2014% schizophrenia or risperidone, or risperidone, or increase of diastolic BP, fat
bipolar disorder type | quetiapine 5-mg quetiapine, placebo mass, and triglyceride level
slow-release melatonin In the bipolar disorder group
Mostafavi 38 (19 patients per arm) Olanzapine, lithium Olanzapine, lithium 12 Melatonin attenuates the

carbonate and
melatonin 3 mg/day

etal,2017*  bipolar | disorder
patients; within the age

of 11-17 yr

carbonate and placebo sharp weight gain side effect
of these drugs to near

significance

FU, follow-up; BMI, body mass index; BP, blood pressure.
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with a moderate effect size.

Modabbemia et al., 2014"

This was a single-center, eight-week, randomized, dou-
ble-blind, placebo-controlled, and parallel-group study
conducted in 48 adults aged 18 to 65 years with the diag-
nosis of schizophrenia based on the Diagnostic and
Statistical Manual of Mental Disorders 4th edition (DSM-1V)
criteria. Participants were randomly allocated to receive
either olanzapine 25 mg/day and melatonin 3 mg (active
group) or olanzapine 25 mg/day and placebo (control
group). In each group, olanzapine was started at 5 mg/day
and was titrated up to 25 mg/day (increasing the dose by 5
mg every 3 to 7 days based on the response to treatment
and patient’s tolerance). All patients received clonaze-
pam 2 mg at night for sleep enhancement. No other medi-
cation was allowed. Six patients in each group dropped
out prior to first post-baseline visit, and one further patient
in each group was lost to follow-up after the fourth week.
At week eight, melatonin was associated with signifi-
cantly less weight gain (mean difference [MD] 3.2 kg,
p=0.023), increase in waist circumference (MD 2.83 cm,
p=0.041) and TG concentration (MD 62 mg/d|, p=0.090
[nearly significant]) than the placebo. Changes in choles-
terol, insulin, and blood sugar concentrations did not dif-
fer significantly between the two groups. Patients in the
melatonin group experienced significantly more reduc-
tion in their PANSS scores (MD 12.9 points, p=0.014)
than the placebo group.

Mostafavi et al., 2014*”

This was a 12-week, parallel-group, randomized, dou-
ble-blind, placebo-controlled trial. The study was con-
ducted in 38 adolescents aged 11 to 17 years with a
first-time diagnosis of bipolar mood disorder (made ac-
cording to DSM-IV criteria) and of normal weight. No pa-
tients received psychiatric medications or had conco-
mitant medical disorders. Participants were randomized
into two groups: the active group received melatonin (3
mg/day), lithium carbonate (3-4 mg/day) and olanzapine
(5-10 mg/day), whereas the control group received place-
bo with lithium carbonate and olanzapine at the same
dosage as the active group. No subject in the placebo
group but 2 in the melatonin group were lost to follow-up.
Five patients in the placebo group and 3 in the melatonin
group discontinued the intervention because of weight

gain. Before treatment initiation and at sixth and twelfth
weeks after treatment, lipid profile, fasting blood sugar
(FBS), SBP and DBP were measured. FBS and TG (espe-
cially in boys) demonstrated greater increase in the place-
bo group compared to the melatonin group but the differ-
ences were not statistically significant. Melatonin sig-
nificantly inhibited the rise in TC levels compared to pla-
cebo (p=0.032). Mean SBP rose more slowly in the mela-
tonin group (1.05 mmHg) compared to placebo (6.36
mmHg) (p=0.023).

Romo-Nava et al., 2014*?

This was an eight-week, randomized, double blind,
parallel-group, placebo-controlled trial of 50 adults aged
between 18 and 45 years diagnosed with schizophrenia
or bipolar disorder type | according to DSM-IV criteria.
Patients had no concomitant medical or neurological ill-
ness, and they had initiated continuous treatment with
SGAs (clozapine, olanzapine, quetiapine, or risperidone)
for a period no greater than the last three months prior to
their inclusion in the study. Participants were allocated ei-
ther 5 mg slow-release melatonin or placebo. One patient
in the placebo group and 5 in the melatonin group were
lost to follow-up. Results were analyzed according to the
psychiatric diagnosis (bipolar disorder vs. schizophrenia).
Furthermore, the authors analyzed changes in anthro-
pometric and metabolic variables according to the risk of
antipsychotics inducing metabolic disturbances: quetia-
pine and risperidone were classified as medium risk,
whereas olanzapine and clozapine were classified as high
risk.

The melatonin group showed a decrease in DBP (5.1
vs. 1.1 mmHg for placebo, p=0.003) and attenuated
weight gain (1.5 vs. 2.2 kg for placebo, F=4.512, p=
0.040) compared to the placebo group. The strong benefi-
cial metabolic effects of melatonin in comparison to pla-
cebo on fat mass (0.2 vs. 2.7 kg, respectively, p=0.032)
and DBP (5.7 vs. 5.5 mmHg, respectively, p=0.001) were
observed in the bipolar disorder and not in the schizo-
phrenia group. No adverse events were reported.

Mostafavi et al., 2017*

In this study, the effectiveness of melatonin in weight
gain reduction following olanzapine use in adolescent
with bipolar disorder was evaluated. Twenty-four patients
were allocated to receive olanzapine, lithium carbonate,
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and melatonin, and 24 patients were allocated to receive
olanzapine, lithium carbonate, and placebo by simple
randomization. The Young Mania Rating Scale (YMRS)
was performed at baseline. The weight, height, and BMI
were measured before treatment and after 6 and 12 weeks
of treatment.

Mean rise in BMI in the melatonin group compared
with placebo (2.45 vs. 3.25 kg/m” respectively) was mar-
ginally significant (t=1.936; df=36; p=0.061). ANOVA
with repeated measure also showed a marginally sig-
nificant difference (F=3.74; df=1; p=0.061) between
groups and across time in regard to BMI. Mean body
weight rise in the melatonin group compared with the pla-
cebo group (5.8 vs. 8.2 kg respectively) was marginally
significant (t=1.923; df=28; p=0.065). ANOVA with re-
peated measure also showed a marginally significant dif-
ference (F=3.73; df=1.1; p=0.056) between groups and
across time for body weight.

RISK OF BIAS

Details on risk of bias for each study are reported in de-
tail in Appendices 1 to 7.

In four studies, a computer random number generator
was used to generate random sequences (low risk of se-

. . 13,21-23
lection bias).

' Allocation concealment was adequate
in all trials, except in one,”” which did not report enough
information to judge this methodological issue. In the
study of Romo-Nava et a/. (2014),” allocation was con-
cealed by first generating random numbers for identical
bottles labeled with this number. Numbers corresponded
to randomly assigned placebo or melatonin groups in a
1:1 ratio, with information kept by a co-investigator that
did not participate in patient recruitment or evaluation.
Codes were opened once the study was finished
(unpublished information provided by the lead author).
Not all studies reported in detail how participants and
study personnel were blinded. Specifically, the Mostafavi
et al’s study (2014)"” did not specify whether sim-
ilar-looking comparison drugs were used. One study used
identical kits of placebo and melatonin.”” However, the
outcomes chosen in all studies are not likely to be influ-
enced by a lack of blinding. As a consequence, all studies
were deemed to have a low risk of detection bias.

Due to the limited number of studies included, it was
impossible to systematically evaluate the risk of pub-

lication bias.

INTERVENTION EFFECTS

Not all the included studies reported details on all the
outcomes of interest we initially planned to consider.
Furthermore, results are reported according to the AAPs
given to patients.

Melatonin (3-5 mg/day) vs. placebo in adolescents
or adults with bipolar disorders or schizophrenia
(concomitant antipsychotic treatment: olanzapine
or clozapine)

Data for this comparison was derived from three

13,22,23 .
' Results from these three studies were

studies.
pooled for meta-analysis. In one study," participants
were randomly allocated to receive either olanzapine 25
mg/day and melatonin 3 mg (active group) or olanzapine
25 mg/day and placebo (control group). In the second
study,”” patients who had initiated continuous treatment
with antipsychotics (clozapine, olanzapine, quetiapine,
or risperidone) for a period no greater than three months
prior to their inclusion in the study were allocated either 5
mg slow-release melatonin or placebo; results were then
analyzed according to the metabolic risk of the anti-
psychotics. To reduce methodological and clinical heter-
ogeneity, we only considered data from patients receiving
antipsychotics at high risk of metabolic disturbances (i.e.,
olanzapine and clozapine) when including results from
this study in the meta-analysis. The third study®” was con-
ducted in 38 adolescent patients allocated to olanzapine,
lithium carbonate, and 3 mg melatonin (19 patients), and
to olanzapine, lithium carbonate, and placebo (19 pa-
tients); in both arms, olanzapine was administered at 5 to
10 mg/day and lithium carbonate was begun from 3-4
mg/kg/day and increased to 15-50 mg/kg/day.

The three trials were conducted in adolescents™ or
adults"*? affected by schizophrenia or bipolar disorders
treated with olanzapine or clozapine. In these studies,
participants had no concomitant medical or neurological
illnesses and no known risk factors for metabolic distur-
bances. Furthermore, study participants were comparable
in terms of gender and age. The only outcomes provided
by all three studies to enable meta-analyses were body
weight and mass index.

The meta-analyses showed no statistically significant
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Mean difference

1.1 Body weight (kg) 3 118 (IV, random, 95% Cl) 1.65[-3.20, 6.51]
Melatonin Placebo Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight (%) IV, random, 95% CI 1V, random, 95% CI

Modabbernia 2014
Mostafavi 2017
Romo-Nava 2014

22 254 18 54 517 18
56.13 4.7 17 478 9.6 19 28.2
43 24 20 24 39 24 36.9

34.9 -3.20 [-5.86, -0.54]
7.33[2.52, 12.14]
1.90 [0.02, 3.78]

Total (95% Cl) 57 61 100.0 1.65[-3.20, 6.51]‘

Heterogeneity: Tau’=15.74; chi’=17.08, df=2 (p=0.0002); I’=88% _100 50
Test for overall effect: Z=0.67 (p=0.51) Favours placebo

R

50 )
Favours melatonin

Fig. 2. Melatonin (any dosage) vs. placebo in adolescents or adults with bipolar disorder or schizophrenia receiving olanzapine or other atypical
antipsychotic with high risk of metabolic disturbances. Outcome: mean change in body weight (kg) from baseline to endpoint.
SD, standard deviation; IV, inverse variance method; Cl, confidence interval; df, degree of freedom.

Mean difference

1.2 Body mass index 3 118 (IV, random, 95% CI) 0.28 [-1.26, 1.82]
Melatonin Placebo Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight (%) IV, random, 95% ClI 1V, random, 95% ClI

Modabbernia 2014 0.8 0.89 18 19 1.7 18 38.3 I

Mostafavi 2017  21.14 47 19 1903 23 19 217
Romo-Nava 2014 14 08 20 08 16 24 400

-1.10 [-1.99, -0.21] |
2.11[-0.24, 4.46] .
0.60 [-0.13, 1.33]

Total (95% Cl) 57 61 1000 0.28[-1.26,1.82]

Heterogeneity: Tau’=1.41; chi’=11.59, df=2 (p=0.003); I’=83%
Test for overall effect: Z=0.35 (p=0.73)

-100 -50 0

50 1
Favours placebo Favours melatonin

Fig. 3. Melatonin (any dosage) vs. placebo in adolescents or adults with bipolar disorder or schizophrenia receiving olanzapine or other atypical
antipsychotic with high risk of metabolic disturbances. Outcome: mean change in body mass index from baseline to endpoint.
SD, standard deviation; IV, inverse variance method; Cl, confidence interval; df, degree of freedom.

difference in body weight (Fig. 2, Appendix 8) and mass
index (Fig. 3, Appendix 9). Significant statistical hetero-
geneity between trials was found.

SUBGROUP ANALYSES
ACCORDING TO AGE

Adolescents

Melatonin (3 mg/day) vs. placebo in adolescents with
schizophrenia or bipolar disorder (concomitant
antipsychotic treatment: lithium carbonate 3-4
mg/day and olanzapine 5-10 mg/day)

One study was conducted in adolescents with schizo-
phrenia.”” An analysis using two-factor repeated measure
analysis of variance (ANOVA) was performed to assess
the effect of each treatment over time. No statistically sig-
nificant differences were found between the placebo and
melatonin groups for FBS, mean TGs, and DBP. However,
significant differences between groups and across time
were found in mean cholesterol and mean SBP, which

were higher in the placebo group (mean cholesterol:
24.26 vs. 6.84 mg/dl, p=0.032; mean SBP: 6.36 vs. 1.05
mmHg; p=0.018).

One study was conducted in adolescents with bipolar
disorder.”” An analysis repeated measure analysis of var-
iance (ANOVA) was performed to assess the effect of each
treatment over time. No difference was found either in
body weight rise or in the BMI between the melatonin and
the placebo group.

Adults

Melatonin (3-5 mg/day) vs. placebo in adults with
bipolar disorders or schizophrenia (concomitant
antipsychotic treatment: quetiapine and risperidone)
Data for this comparison was derived from the study by
Romo-Nava et al. (2014).*? Patients treated with quetia-
pine or risperidone (antipsychotics with medium meta-
bolic risk) allocated to melatonin showed a significant dif-
ference in mean change in DBP values compared with
those allocated placebo (1.8 vs. —4.6 mmHg, respec-
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tively; p=0.008).

Data for this comparison was derived from the studies
by Modabbernia er a/ (2014)" and Romo-Nava et al.
(2014).”? Results from these two studies were pooled for
meta-analysis. In one study,'” participants were randomly
allocated to receive either olanzapine 25 mg/day and
melatonin 3 mg (active group) or olanzapine 25 mg/day
and placebo (control group). In the second study,*” pa-
tients who had initiated continuous treatment with anti-
psychotics (clozapine, olanzapine, quetiapine, or risper-
idone) for a period no greater than three months prior to
their inclusion in the study were allocated either 5 mg
slow-release melatonin or placebo; results were then ana-
lyzed according to the metabolic risk of the antipsy-
chotics. To reduce methodological and clinical hetero-
geneity, we only considered data from patients receiving
antipsychotics at high risk of metabolic disturbances (i.e.,
olanzapine and clozapine) when including results from
this study in the meta-analysis.

Both trials were conducted in adults affected by schizo-
phrenia or bipolar disorders treated with olanzapine or
clozapine. In both studies, participants had no con-
comitant medical or neurological illnesses and no known
risk factors for metabolic disturbances. Furthermore,
study participants were comparable in terms of gender
(p=0.137) and age (p=0.389).

Results of meta-analytic comparisons are reported in
Table 2 and Appendix 10. The meta-analyses showed no
statistically significant difference in any anthropometric
(body weight and BMI, hip and waist circumference) or

Table 2. Melatonin (3-5 mg/day) vs. placebo in adults with bipolar
disorders or schizophrenia (concomitant antipsychotic treatment:
quetiapine and risperidone)

Outcome or Study Participant Effect
subgroup (n) (n) estimate

1.1 Body weight 2 80 —0.56 [—5.55, 4.44]
1.2 Body mass index 2 80 —0.23 [—1.90, 1.43]
1.3 Waist circumference 2 80 0.15 [—5.44, 5.73]
1.4 Hip circumference 2 80 —0.79 [—2.86, 1.28]
1.5 Total cholesterol 2 80 —4.23[—38.96, 30.50]
1.6 LDL cholesterol 2 80 5.30 [—22.18, 32.78]
1.7 HDL cholesterol 2 80 1.72 [—1.78, 5.21]
1.8 Trigylcerides 2 80 —30.09[—67.92,7.73]
1.9 Fasting glucose 2 80 4.70 [—3.83,13.23]

Statistical method: mean difference (inverse variance method, random,
95% confidence interval).
LDL, low-density lipoprotein; HDL, high-density lipoprotein.

metabolic (total, LDL and HDL cholesterol, TGs, and fast-
ing glucose levels) variable considered. Significant stat-
istical heterogeneity between trials was found in 4 meta-
analytic comparisons (those assessing body weight, BMI,
waist circumference, and TC).

SUBGROUP ANALYSES ACCORDING
TO PSYCHIATRIC DIAGNOSIS

Bipolar Disorder

Melatonin (3-5 mg/day) vs. placebo in adolescents or
adults with bipolar disorder (concomitant
antipsychotic treatment: quetiapine or risperidone or
clozapine or olanzapine)

Two studies provided data on this outcome.”**” In the
study by Romo-Nava et a/. (2014),”” conducted in adults,
patients allocated to melatonin had a significant decrease

22,23

in DBP (5.5 vs. —5.7 mmHg for the placebo and melato-
nin groups, respectively; p=0.001), fat mass (2.7 vs. 0.2
kg, respectively; p=0.032), and TGs (D) (50.1 vs. —20
mg/dl, respectively; p=0.08) compared to controls.

In the study by Mostafavi et a/*” conducted in adoles-
cents, no difference was found either in body weight rise
or in the BMI between the melatonin and the placebo

group.
Schizophrenia

Melatonin (3-5 mg/day) vs. placebo in adults with
schizophrenia (concomitant antipsychotic treatment:
olanzapine or clozapine)

Data for this comparison were derived from the studies
by Modabbernia er a/'” and Romo-Nava er a/*” Results
from these two studies were pooled for meta-analysis.
Data from the study conducted by Romo-Nava et a/*”
were kindly provided by study’s lead author.

Results of meta-analytic comparisons are reported in
Table 3 and Appendix 11. The meta-analyses showed no
statistically significant difference in any anthropometric
(body weight and BMI, hip and waist circumference) or
metabolic (total, LDL and HDL cholesterol, TGs, and fast-
ing glucose levels) variable considered. Significant stat-
istical heterogeneity among trials was found in 3 meta-an-
alytic comparisons (those assessing body weight, BMI,
waist circumference, and TC).
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Table 3. Melatonin (3-5 mg/day) vs. placebo in adults with schizophrenia
(concomitant antipsychotic treatment: olanzapine or clozapine)

Outcome or Study Participant Effect
subgroup (n) (n) estimate

2.1 Body weight 2 43 1.16 [—7.58,9.90]
2.2 Body mass index 2 43 0.43 [—2.68, 3.55]
2.3 Waist circumference 2 43 0.44 [—6.32, 7.20]
2.4 Hip circumference 2 43 —0.39 [—5.02, 4.25]
2.5 Total cholesterol 2 43 0.30 [—50.46, 51.06]
2.6 LDL cholesterol 2 62 4.79 [—29.04, 38.62]
2.7 HDL cholesterol 2 43 0.79 [—5.33, 6.90]
2.8 Trigylceride 2 43 —49.32 [—111.42,12.78)
2.9 Fasting glucose 2 43 3.07 [—4.28,10.41]

Statistical method: mean difference (inverse variance method, random,
95% confidence interval).
LDL, low-density lipoprotein; HDL, high-density lipoprotein.

DISCUSSION

This systematic review and meta-analysis examined the
effect of melatonin on metabolic syndrome induced by
AAPs. Five studies were included in the review, but only

. 13,22,23
three studies )

were eventually included in the quan-
titative synthesis (meta-analysis). The study by Borba et
al” was conducted using a melatonin analogue, ramel-
tron, hence it was excluded from the meta-analysis to
avoid unacceptably high methodological heterogeneity.
A systematic review (without meta-analysis) has earlier
been published on this topic.”? However, our study has
included a recent RCT'" and we also obtained additional
unpublished information from the lead author of one of
the RCTs included in the previous systematic review.””
We have also organized homogeneous data to conduct a
meta-analysis.

The study conducted by Mostafavi et a/*" was ex-
cluded in the meta-analysis because, unlike the other
studies that were conducted in adults, it was conducted in
adolescents (clinical heterogeneity). In a cross-sectional
analysis of 10,206 Norwegians aged 20 to 89 years,” the
prevalence of metabolic syndrome was highly age de-
pendent, especially in women, with a seven-fold increase
in prevalence from those aged 20 to 29 years to those
aged 80 to 89 vyears. Furthermore, subjects in the
Mostafavi et al.’s study (2014)*" not only received olanza-
pine but also lithium carbonate (risk of methodological
heterogeneity). There are contradictory reports on the re-
lationship between lithium use and the diagnosis of meta-

26,27

bolic syndrome.***” Hence, the contribution of lithium to

the eventual development of metabolic syndrome in the
subjects in Mostafavi et al.’s study (2014)*" is not clear.

The results of the quantitative synthesis should be re-
garded with caution, mainly because of the considerable
statistical heterogeneity observed in four out of nine meta-
analyses. This might be indicative of inconsistency in the
results of the included studies. The term “statistical hetero-
geneity” describes the degree of variation in the effect esti-
mates from a set of studies and indicates the presence of
variability among studies beyond the amount expected
due solely to chance.

Due to the limited number of studies available (only 3),
it was impossible to formally address the possible reasons
for the significant statistical heterogeneity observed.
Possible sources of clinical heterogeneity should, how-
ever, be taken into account. The included trials were con-
ducted in adults affected by schizophrenia or bipolar dis-
orders treated with olanzapine or clozapine. In the in-
cluded studies, participants had no concomitant medical
or neurological illness and no known risk factors for meta-
bolic disturbances. Furthermore, participants in these three
studies were comparable in terms of gender and age.
However, the Modabbernia et a/s study'” included pre-
viously untreated patients, whereas the Romo-Nava et
al’s study”” was conducted in patients who had already
initiated continuous treatment with antipsychotics, al-
though for a period no greater than the three months prior
to their inclusion in the study. In their meta-analysis of
prevalence rates and moderators of metabolic syndrome
and metabolic abnormalities in bipolar disorder,
Vancampfort et a/*® reported that metabolic syndrome
was significantly more prevalent in patients currently
treated with antipsychotics. Hence, participants from
Romo-Nava er a/.*” were exposed to the metabolic effects
of antipsychotics for longer than those in the study by
Modabbernia et a.'® Furthermore, in the Romo-Nava et
al. study,”” patients were allowed to take concomitant
treatment, and a statistically significant difference in the
percentage of patients receiving mood stabilizers (lithium,
valproate, carbamazepine, and lamotrigine) was present
(65% in the melatonin group vs. 33.3% in the placebo
group; p=0.03). In this trial, stratified randomization with
the assumption of concomitant drug use was not taken in-
to account, and post-hoc statistical analyses were not car-
ried out to adjust for this potentially relevant confounder.
Of note, mood stabilizers are known to be associated with
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a higher risk of metabolic disturbances, and the fact that a
higher percentage of patients allocated melatonin re-
ceived mood stabilizers, might have obscured a benefi-
cial metabolic effect of melatonin in these subjects.

The study by Modabbernia ef a/'” used melatonin 3
mg/day and in both the melatonin and placebo groups; 2
mg clonazepam was given at night for sleep enhance-
ment. In contrast, in the study by Romo-Nava et a/.,,”” the
dose of melatonin was 5 mg (slow-release) and benzodia-
zepines were also given in 5 out of 24 patients (20%) allo-
cated to placebo and 8 out of 20 (40%) patients allocated
to melatonin.

Finally, the study by Modabbernia et a/'” only in-
cluded patients diagnosed with first-episode schizo-
phrenia, whereas the study by Romo-Nava et a/*” in-
cluded patients with schizophrenia (58%) and bipolar dis-
order (44%) with an illness duration of several years
(23.0+8.9 years in the melatonin group vs. 28.6%9 in the
placebo group). A particularly beneficial metabolic effect
of melatonin in a subset of patients with a specific psychi-
atric diagnosis might have occurred. Of note, the study by
Romo-Nava et a/*” showed a significant reduction in
mean changes between baseline and study endpoint in
DBP, fat mass and TGs only in patients with bipolar dis-
orders allocated to melatonin. Although these findings
may simply reflect spurious results (i.e., false positives)
from multiple comparisons, a selective metabolic behav-
ior of melatonin according to psychiatric diagnosis can-
not be excluded. For example, it is known that patients
with bipolar disorder or schizophrenia have a disrupted
circadian cycle.”” It has also been hypothesized that mel-
atonin may be more effective in restoring a disrupted cir-
cadian rhythm in bipolar disorder than in schizo-

phrenia.””

CONCLUSION

The few available articles, small sample size, and con-
siderable statistical heterogeneity limit this analysis.
Nevertheless, we found some evidence in one study that
melatonin may improves AAP-induced metabolic syn-
drome including decreased DBP, fat mass, and TGs.
These beneficial effects appear to be more significant in
patients with bipolar disorder than those with schizo-
phrenia. However, in the meta-analysis all comparisons
related to fat mass and TGs did not yield statistically sig-

nificant results. Further RCTs with larger sample size are
needed to definitely establish the potential beneficial ef-
fect of melatonin and to justify its efficacy as an add-on
therapy to curtail AAP-induced metabolic syndrome.
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