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ABSTRACT

Objective: To collate and analyze randomized controlled trials (RCTs) that
evaluated pharmacologic interventions to reduce weight gain in patients
with severe mental illness (SMI).

Data Sources: Searches were conducted in PubMed, Web of Science,

and PsycINFO databases from inception through May 9, 2019, using the
terms (“severe mental disease” OR “severe mental illness” OR “severe mental
disorder” OR schizophre® OR bipolar OR antipsychotic*) AND (weight) AND
(pharmacologic* OR treatment). There was no language restriction, and the
electronic search was complemented by a manual search for additional
articles in reference lists and previous reviews.

Study Selection: Fifty-two studies investigating different pharmacologic
weight loss interventions in SMI were retrieved. Only RCTs assessing
pharmacologic interventions to manage weight gain in adult subjects
with SMI and reporting change in body weight as a primary outcome were
included.

Data Extraction: Two reviewers independently extracted data about the
name and dose of the pharmacologic agent used to manage weight gain,
trial duration, agent used for index disease, psychiatric diagnostics, and the
mean change in body weight over the course of the trial. A meta-analysis
was performed using a random effects model to pool mean body weight
change over the course of the trial.

Results: The most-studied agent was metformin (14 studies), followed by
topiramate (6 studies), nizatidine (4 studies), and sibutramine (3 studies).
Other agents were investigated in 1 or 2 isolated studies. A meta-analytical
procedure showed a significant pooled mean difference of —3.27 kg (95% Cl,
—4.49 to —2.06) for metformin compared with placebo and —5.33 kg (95% Cl,
—7.20 to —3.46) favoring topiramate.

Conclusions: Metformin and topiramate were the most-studied agents
for weight control in SMI and were considered efficacious and safe in
promoting weight reduction compared to placebo in this population.
More studies are required with larger sample sizes and in line with the
recommendations from research from the obesity and metabolic field to
better define guidelines for use of pharmacologic interventions to reduce
weight gain in patients with SMI.
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Research demonstrates that the prevalence
of overweight and obesity is increasing
rapidly worldwide.! Patients with severe mental
illness (SMI), defined as a group of serious mental
conditions characterized by length of duration
and the disability produced (in this study, we used
this term to describe a subgroup of patients with
schizophrenia, schizoaffective disorder, and bipolar
disorder), tend to present a higher prevalence
of metabolic disorders such as overweight,
obesity, and metabolic syndrome compared to
the general population.>”* Evidence shows that
ethnic differences may play an important role in
this weight gain.® In a systematic review, Janssen
et al® calculated the mean pooled prevalence of
overweight and obesity in SMI populations to be
40.4% for obesity, whereas the estimates for clinical
measurement in the US general population is
35.7%.” Further, it is important to highlight that
cardiovascular diseases represent the leading
cause of death in patients with SML?®® and obesity
and overweight are important risk factors for this
outcome.

Weight gain effects of pharmacologic agents
used to treat SMI have been documented,*
mainly among atypical antipsychotics, mood
stabilizers, and antidepressants. However, even
after controlling for medication effects, a complex
interplay between obesity and SMI emerges
when considering factors such as lifestyle (social
isolation, improper diet, sedentary lifestyle) and
neurobiological mediators, which are involved in
both mental disorders and food intake.'%12

Although weight gain is a frequent issue for
patients with SMI, it is usually neglected in their
treatment plan.!® Several nonpharmacologic
interventions have demonstrated positive results
in patients with SMI based on diet/nutritional
counseling, exercise, cognitive-behavioral therapy,
and psychoeducation.'* Pharmacologic agents for
the treatment of weight gain in SMI have also been
studied, as patients with SMI may have difficulty
implementing nonpharmacologic interventions
and combining both may potentially offer additive
benefits to the weight loss treatment.'
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Clinical Points

B Weight gain in patients with severe mental iliness is an
important and frequent clinical condition that is usually
neglected during treatment.

B Pharmacologic interventions for weight gain in patients
with severe mental illness are an important part of their
overall treatment plan.

B Metformin currently has a robust body of evidence
showing effectiveness in the management of weight gain
in severe mental illness, followed by topiramate.

A series of systematic reviews'¢~!® previously summarized

information regarding the use of pharmacologic agents
to counteract weight disturbances observed in patients
with SMI. Mizuno and colleagues'® conducted the last
systematic review (in 2014) of pharmacologic agents for the
management of weight gain in patients with schizophrenia.
This meta-analysis'® included 40 trials with 19 different
interventions. The results showed that metformin was the
most extensively studied drug regarding body weight, with
a mean difference of —3.17 kg (95% CI, —4.44 to —1.90 kg)
compared to placebo. Additional analysis demonstrated
that topiramate, sibutramine, aripiprazole, and reboxetine
were also different compared to placebo. In addition,
metformin and rosiglitazone improved insulin resistance,
and metformin and sibutramine decreased blood lipid levels.
Since the publication of this review,!® several randomized
controlled trials (RCTs) on this topic have been published.
To update the current evidence, we conducted a systematic
review and meta-analysis on the effectiveness of add-on
medications to treat weight gain in the broad spectrum of
patients with SMI, focusing on the clinical relevance of these
findings.

METHODS

Literature Search

We adhered to the PRISMA reporting guidelines'® and
conducted a systematic literature search in PubMed, Web
of Science, and PsycINFO from database inception through
May 9, 2019. Two authors (J.C.H. and W.S.G.) independently
used the following search terms: (“severe mental disease”
OR “severe mental illness” OR “severe mental disorder” OR
schizophre™® OR bipolar OR antipsychotic*) AND (weight)
AND (pharmacologic* OR treatment). A search limit was
set for “clinical trials,” and there was no language restriction.
The electronic search was complemented by a manual search
for additional articles in reference lists and previous reviews.

Inclusion and Exclusion Criteria

The criteria for inclusion of studies in this systematic
review were RCTs assessing pharmacologic interventions to
manage weight gain in patients with SMI (schizophrenia,
bipolar I disorder, schizoaffective or schizophreniform
disorder) and reporting change in body weight as a primary
outcome measure. We excluded (1) noncontrolled studies,

(2) studies with children, and (3) reviews (although they
were used as references) and trials in which body weight
change was not a primary endpoint.

Data Collection and Extraction

Two reviewers (J.C.H. and W.S.G.) independently
screened and selected the studies on the basis of title and
abstract. After consensus on the primary selection, both
authors independently reviewed the full text of the selected
studies to determine suitability for inclusion based on
established selection criteria. Disagreements between the 2
reviewers were resolved by discussion with each other and
the senior author (J.C.A.) until consensus was reached.

One researcher (J.C.H.) extracted data from each study
using an extracting data form designed for the purpose of
this review. Extracted data included sociodemographic and
clinical characteristics of trial participants; pharmacologic
agents used for treatment of the index disease, as well as
name and dose of the agent used to manage weight gain;
trial duration; and the mean change in body weight over the
course of the trial.

Quality Assessment

Methodological quality of the included studies was
assessed by using a 10-item list based on the Delphi List For
Quality Assessment of Randomized Clinical Trials (Delphi
List).2% The Delphi List was developed as a standardized list
to assess the quality of RCTs. From the initial set of 9 items,
we added an extra question to check if the authors performed
a sample size calculation. Thus, our assessment ranged from
0 (minimum) to 10 (maximum). Two reviewers (J.C.H. and
J.C.A.) independently rated the methodological quality of
the included studies. Discrepancies between raters were
discussed until a consensus was reached.

Statistical Analysis

All analyses were performed using Review Manager
Software (Revman), version 5.3 from the Cochrane
Collaboration Group (http://ims.cochrane.org/revman). The
primary outcome measure was defined as the mean change
difference in body weight over the course of the trial. A
meta-analysis was conducted with each particular agent if
it was tested in at least 3 different placebo-controlled RCTs.
When a specific study did not provide a standard deviation
(SD) for primary outcome, it was excluded and sequentially
included in a new analysis in which we imputed the missing
SD using the Revman calculator.

Heterogeneity was assessed using I* statistics, and
publication bias was analyzed with a visual inspection of
funnel plots. To control for study heterogeneity, a random
effects meta-analysis was chosen, using inverse variance and
reporting 95% confidence intervals (95% CIs) to express
the mean differences across active drug and placebo groups
between baseline and postintervention body weight. To
compare between subgroup analyses, we used the 95% Cls
and analyzed if they contained the null value. The primary
outcome was further investigated in a subgroup analysis
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Figure 1. Flow Diagram of Study Selection
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exploring the following: (1) long-term versus short-term
duration trials and (2) high-quality versus low-quality trials
based on the quality assessment. Finally, we analyzed if the
inclusion of studies with imputed SD changed outcomes.

RESULTS

Search Results

The literature search identified 2,737 references. After
extracting the duplicates (1,578 references), 1,015 articles
were excluded based on title and abstract. Of the 144 eligible
articles, 93 were excluded for several reasons, and 1 study
was added after reference searching. Thus, 52 studies!'>2!-7
(Figure 1) were eligible for the final qualitative synthesis
with the following pharmacologic agents: amantadine,
aripiprazole, atomoxetine, betahistine, exenatide, famotidine,
fluoxetine, fluvoxamine, melatonin, metformin, naltrexone,
nizatidine, orlistat, ramelteon, ranitidine, reboxetine,
rosiglitazone, sibutramine, topiramate, and zonisamide. In
these studies, the primary outcome was the mean difference
of weight loss over the course of the study. Additional
secondary variables were also assessed in these studies (ie,
body mass index [BMI], fasting glucose, blood pressure, lipid
profile). We describe the results according to pharmacologic
classes of agents.

Metformin

Metformin was the most-studied agent in the treatment
of weight gain in patients with SMI and was tested in 14
RCTs!>21-3271 (Table 1). Metformin is a biguanide commonly
used as a first-line treatment for type 2 diabetes. It decreases
hepatic glucose output and increases insulin-mediated
glucose utilization in peripheral tissues. The rationale
for using metformin to treat weight gain in patients with
SMI is supported by evidence that metformin can reduce
body weight in patients with type 2 diabetes and in obese
individuals without diabetes.”>”? Metformin also does
not seem to increase leptin, as seen in olanzapine-treated
patients,”* and in a recent study it was found that metformin
may alter the composition of intestinal microbiota.”” These
findings show that other uncertain mechanisms may
contribute to metformin’s effect on reducing body weight.
In addition, since metformin lacks central nervous system
action, the risk of mental illness worsening is potentially
minimized.

A growing body of evidence supports the effectiveness of
metformin in the treatment of weight disorders in SMI. After
first conducting a negative study using metformin to manage
weight gain in schizophrenia, Baptista et al*! performed
another trial 1 year later in a larger sample?? and found a
significant weight loss induced by metformin versus placebo.
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short-term trials-ranging in duration from 6 to 16 weekss
Three agents were investigated in this therapeutic class.
Nizatidine was the most-studied compound with 4
RCTs, 73 ranitidine was evaluated in 2 studies,*®* and
famotidine was assessed in 1 study.>” However, the promising
initial positive results of nizatidine®® in reducing weight in a
group of patients with schizophrenia were not confirmed by
subsequent RCTs with this agent and others from the same
class®#-3¢ (Table 2).

Antidepressants

Two classes of antidepressants were studied in the
management of weight disorders in SMI: selective serotonin
reuptake inhibitors (SSRIs) and selective-norepinephrine
reuptake inhibitors (SNRIs). It is well established that
drugs that enhance serotoninergic activity may act on food
intake and food selection.”® One possible mechanism for
the effect of SSRIs on weight is that by increasing synaptic
levels of serotonin, these agents indirectly activate some
5-HT receptors (5-HT,c/5-HT,3) involved in appetite
regulation, resulting in short-term weight loss.”” Other
mechanisms have been proposed to explain the anorexic
effects of SSRIs, such as mediation of neuropeptide Y® or
corticotrophin-releasing factor.3! In the case of SNRIs, there
is some evidence suggesting a potential weight loss role of
reboxetine in a bipolar patient®? and in a group of obese
individuals with binge-eating disorder.*

Fluoxetine, fluvoxamine, and reboxetine were evaluated
in 2 studies each.**4143-46 While both studies with
fluoxetine*™*! and 1 with fluvoxamine** were negative,
both studies performed with reboxetine?>** and 1 with
fluvoxamine*® showed significantly less weight gain in
the active drug group compared to placebo. However,
these medications failed to promote weight reduction in
these trials. An additional study*> was developed adding
betahistine to reboxetine, an antivertigo agent, but it failed
to show any advantage of this association (Table 2).

Antiobesity Agents

Two antiobesity agents, sibutramine and orlistat, were
evaluated in the treatment of weight gain in patients with
SMI.2>#7-30 Gibutramine is a tertiary amine originally
developed as a potential antidepressant®* that was
withdrawn from the market, except from Brazil, because of
cardiovascular safety concerns. Orlistat is a lipase inhibitor
and a potent inhibitor of pancreatic and gastric lipases,
acting locally in the gut lumen with minimal absorption,
approved for weight loss. Orlistat inhibits dietary
triglyceride hydrolysis by 30%, decreasing fat absorption
proportionally.3>:86

Once both drugs showed positive results in reducing
weight in nonpsychiatric patients, 5 studies evaluated these
agents in patients with SMI.?**7~%0 In 3 studies**% the
use of sibutramine was associated with a positive weight
loss; however, this difference was significant in only 2 of
those studies.*”-** Tt is important to mention that another
study?? failed to demonstrate any advantage of combining

sibutramine with metformin for weight management in a
group of patients with schizophrenia. The only study*’ that
evaluated orlistat in the treatment of weight gain in SMI
showed no significant difference between this agent and
placebo (Table 2).

Anticonvulsants

The rationale for using anticonvulsants in the treatment
of patients with SMI is that some agents of this class have
weight-loss properties. Topiramate and zonisamide are
anticonvulsants that demonstrate such effects. Although
the exact mechanism of action of topiramate on weight
is unknown, negative modulation of glutamate AMPA/
kainate receptors and inhibition of carbonic anhydrase have
been proposed as possible mechanisms involved in weight
reduction and reduced appetite in patients taking this
drug.”® It has also been suggested that topiramate reduces
fat deposition by reducing food intake or stimulating
energy expenditure.®” Zonisamide is an antiepileptic agent
with serotoninergic and dopaminergic properties that also
blocks sodium and calcium channels and inhibits carbonic
anhydrase activity.3® The effects on brain serotonin and
dopamine systems may explain, at least in part, its weight
loss properties.® Furthermore, zonisamide has shown
efficacy in promoting weight loss in clinical trials involving
patients with seizure disorders®® and in obese individuals
without comorbid neuropsychiatric conditions.”

Topiramate was evaluated in 6 studies.” > In a short-
term RCT evaluating SMI patients with weight problems,
Ko et al®! tested topiramate in 2 different doses (100
and 200 mg/d) versus placebo and showed that only the
200-mg topiramate group achieved a significant weight loss
compared to placebo. Following this report, Talaei et al>®
also evaluated different doses of topiramate and found that
although this agent was effective in the 3 doses tested, the
100- and 200-mg daily doses were superior to the 50-mg
daily doses on weight parameters. Two additional RCTs*>*°
demonstrated the weight loss properties of fixed doses (50
and 100 mg/day) of topiramate in patients with SML

Two RCTs*”® evaluated the effects of zonisamide on
weight in patients with SMI. In the first study,”’ although
both groups experienced weight gain, the authors reported
that patients treated with zonisamide gained less weight than
those taking placebo. A major concern in this study was the
high dropout rate in both groups. In the second study,™® a
significant mean weight difference of -3.0 kg favoring the
zonisamide group was found. In contrast to the previous
study,” treatment with zonisamide was well tolerated, and a
very low attrition rate was reported (Table 2).%

Other Agents

Several other agents (amantadine,
atomoxetine,%? betahistine,®® exenatide,** melatonin,
naltrexone,®” 8 ramelteon,®® and rosiglitazone’®) were also
investigated for their potential role in weight management
in SMI patients. Unlike the classes presented previously,
these agents were investigated in only 1 or 2 RCTs and are

5960 aripiprazole,$!

65,66

For reprints or permissions, contact permissions@psychiatrist.com. ¢ © 2019 Copyright Physicians Postgraduate Press, Inc.

€6 E PRIMARYCARECOMPANION.COM

Prim Care Companion CNS Disord 2019;21(6):19r02483



Weight Gain in Severe Mental lliness

(panunuod)

'sdnolb
u2aM13q uleb yBram ul 9ouIYIP JuedIUbIS ON

€¢-=549D0

009 0}
dn ‘dnoub suidezop {psz

(€ =u uidezod

'sdnoib usamiaq sasop auidezo|d Juaiapiq TE+=V'5'89:13/£°59 :7g auidezo|) 0} dn ‘dnoib sujwexoan|4 ‘p€ = U :2UIWEXOAN])) AI-Wsa) 002
*Apnis papuijquoN 6'0+=V '8'89 :13/6'£9 1 SUIWEXOAN|4 4! auidezo|) (0 :dUIWEXOAN|4 89=N 705 wleP M
‘uteb ybram
U1 9sealdul Jamo| Aj3uediiubis e pey aulexogay +0'€-=09D (g1 =u:oqgade|d
‘(€ :002de(d ‘¢ :dunjeX0qaI) sinodoip xi§ S¥'S+=V'07'59:13/5£°6S 719 0g=2e|d '€l =Uaunexogal) W-wsa) €00¢
'syuanedul aposida-3siiy yum Apnis SY'T+=V'07'89:13/5£°59 119 dunsxoqay 9 01 ‘duidezue|p 7 :9Ul}oX0qaYy 9Z=N Z0S 1238 Hysnoinhod
€1+=049D (S1=u:oqadeld
'sdnolb uaamiaq aduaIayIp JuediIubls ON [ 1+=V'8'8/:13/1°£/ 19 0gdde|d ‘G =U:2unaxony) AIFNSQ) €002
"Jybiam pauieb sdnoib yjog 0'€+=V'5'€8:13/5°08 1 dunaxon|4 91 G| ‘auidezue|p 09 :2unaxoN|4 0£=N VDS '‘Z2OS e ojsng
‘sdnoib 6'l+=949D (5L=u:oqaded
Y109 ut uteh 1ybram enuelsgns pue Jejiwig 0'9+=V '7'89:13/'79 19 0gade|d ‘gL =u:aunaxony) W-wsa) [4V[14
syuanedur aposida-isiy yum Apnis 6L+=V'9v/:13/L991gaunx0Nd 8 0L ‘duidezuelp (g :aunaxoN|4 0£=N 5 ovl® 39 Aysnoinkod
sjuessaldapnuy
(sz=u:oqaded
¥8'l-=V "N :13/18 9L'L§ 10q3de|d 'S7=U:00€ SuIpHIuel
'sdno.b L£'1-=V "dN13/6T'LS 19 00€ duipiiiuey 'GZ=U:0S1 duIpiiuel)  (YDa-01-aDI) 9lL0z
UD3MJD( S}NS3I Ul dUIRYIP JuedYUBISON  $Z'7-=V "IN :13/b6' /19 0GL duipiiuey g 0€-01 ‘duidezue|Q aulpiiuey S/=N 725 scWBY pue ey
‘oqade|d
'+ SADUIPIIURI ||+ :95BIDUI [ING JIMO|S UN=99D (Lz=u:oqgade|d (AIFNSQ)
Apuesyiubis e sem 219y ‘Wyb1am ainjosqe YN=V ‘YN :13/T°€9 19 0gde|d ‘Gg=udulpiuel) WDS €10C
Buipaebai s3nsai Jo yde| e sem 213y} yonoyyy YN=V YN :L3/¥'19 19 suipiuey 9l YN ‘auidezue|o 009 dulpniuey ¢S=N  '¥DS'Z0S gcl® 19 Jeqfuey
L'0-=94D (¢£=u"oqgade|d
‘sdnoib 6'7+=V'9'69:13/L%9 119 04€|d ‘L=u:auipnowey))  (AFWSQ) 00T
U93M}aq $SO| 3yblam uj synsas Juediiubis oN SY+=V'0'7,:13/T°£9 119 duipnowey 9 01 ‘auidezue|p 0F :duIplIowe4 yL=N  WDS‘ZDS ,¢l13 Aysnoinkogd
9'0+=54D (£z=u:oqade(d
'sdnoib £0+=V "IN:13/€'¥9 719 0g3e|d ‘Lg=uzBupneziv)  (AFWSA) 900¢
uSaM33q 50| 3ybIam ul sy nsas Juediubls oN L'L+=V "IN :13/8'%9 -1 duIpieziN 4! 0Z-§ ‘auidezue|Q 009 :2uUlplieziN 7S=N 708 ogl€ 39 opdunssy
77-=99D) /6% ‘dnoub ogade|d (¥1L =u:o0qgade|d
'sdnoib TL+=V'€TLi13/1'1L 78 09adeld ‘T6Ly 'dnoib suipneziN ‘yl=udupneziu)  (A-WSQ) 7002
usaM33q 50| 3yb1am ul sy nsai Juedubls oN 0'L-=V'T'69:13/T°0£ 19 duipliezIN 8 auidenanp 00€ dulphieziN 8C=N 708 @ 19 edeuly
(09=u:o0qgade|d
81'y+=V "IN :13/T°£L 19 0992¢|d '8G=U:009 aulpieziu -wsa)
"sdno.b 6C°€+=V "UN:13/£'S£ 18 009 duIpneZIN 00940  '£G=U:Q0€ dulpieziu) DS €002
u93M}3q $5O| JYBIam ul s)nsas Juediubls oN 95'€+=V 4N :13/0°08 19 00€ 3uIpiezIN 9l 0z-§ ‘auidezue|Q 00€ dulphieziN SZ1=N  '¥2S'ZDS pel® 39 luozzeAe)
+8'9-=09D g'¢| ‘dnoib ogade|d (£1=u:o0qgade|d
IINg pue ‘sjpAs| unds| ‘ureb €T+=V'£'69:13/¥'£9 19 0032e|d ‘L1 ‘dnoub suipneziN ‘g1 =U:aulpezu) W-wsa) €002
1yBram ui uononpal pamoys dnoib auipieziN SY-=V'T79:13/£/991g9uipneziN - 8 suidezue|0  00€ :duUlpBeZIN SE=N 725 ¢¢l© 19 eDRWY
s1siuobejue ¢y
SjuBWIWOD (63) 3bram (1m) e(P/Bw) 3s0Q (p/Bu) azi5 a|dwies (ena31d) Apms
uopeing  ‘aseasiq xapuj Joy bnig 9s0( yuaby sisoubelg
Apnis dueIydAsd

SSaU[|| [eJUBN D19AS
Y3/ S3udiled ui uien JyBIap JO Juswieal] 3y} 104 sjuaby 19430 pue ‘Juesinauodinuy ‘Ayisaqonuy quessaidapiuy ‘siuobejuy ¢H Buisn sjeli1-paj|o43uo) paziwopuey z d|qel

Postgraduate Press, Inc.
PRIMARYCARECOMPANION.COM [E e7

icians

@psychiatrist.com. ¢ © 2019 Copyright Phys

.

Issions

.

tact perm

.

1ssions, con

.

Prim Care Companion CNS Disord 2019;21(6):19r02483

For reprints or perm



Hiluy et al

(panunuo>)
LEFTL (dN)
‘(ogade|d |je) synodoup xis +9'6-=DgD ‘dnoib ogaded ‘9 F8°/ (yz=u:oqgade|d ag pue
‘dnoib ajewelidoy ui ssoj ybram juediiubis T1+=V'€98:13/1'58 79 0ga2e|d ‘dnoJb ajewesido] ‘Gz=u:jewesidoy) Jejodiun pue 500C
‘syuaizedino |1 Aj9resspow jo ajdwes ¥'y-=V '2°78:13/9'98 119 91eweiido] oL auidezue|Q 06 :21ewesdop 6F=N  SISOYdAsd 251233 |PPIN
%«£9°€-=(001
91ewel1doy-00z rewelidoy) ngd
+G0'G—=(0gade|d-00z 21eweidol) HgH
8¢’ L—=(0gade|d—-00 | Srewesidol) Dgd) (0z=u:o0qgade|d
‘(YN sdnoub 1ad ynodoup) a1es inodoup ybiH €0-=V'9'69:13/€ £/ 119 092€|d UN /1 =U:007 dlewesidoly
'sso] 3yb1am buzowoid ur dnoib GE'6—=V "IN :13/7°S/ 19 007 ewelido] :duopuadsy ‘auidennanb oz :@3ewelnido] ‘9l =u:pQ| dewelidol) AIFWSQ) 500C
Bw-00z dyewelidoy ui Ajuo adudlRyIp JuedIUBIS  89'L-=V ‘YN :13/9'L/ 119 001 dreweido] 4! ‘auidezue|o ‘auidezoy Q| :@ewesdo] €G=N VDS puezds PEREXSY
SJUBS|NAUODIIUY
(¢ :ogade|d ‘g :autwesingis) synodoup aAl4 +0'8-=09D (8=u:oqode|d
‘ogade|d sA dnoib 6'L+=V 4N :13/¥'v6 19 0g3de|d ‘£ =u:3ulwennqis) (01-aon 10T € 312
aulwengs ut 3y6iam up uondnpas Juedyiubls 1'9-=V "N :13/T°66 19 suiwennqis 144 4N Ol :dulwennqis SL=N 73S uuewuspalg
(¥ :0gade(d ‘ :3e351140) Ssynodoup 1ybig
‘ogade|d 03 je3sijio bupedwod usw ul
9oUBIBYIP JuedIIUBIS pamoys siskjeue dnoibgng 69'Ll-=99D (9 =u:ogade|d
'sdno.b ¥’ 0+=V "IN :13/9'86 19 0032€|d dN 'GE=Ues||Io) 800¢
US3aMIDQ dURIBYIP JuedyIubIS A|edisiiess ON ST'L-=V "IN:13/T°T0l 19 1RSI0 9l ‘auidezuelo 1o auidezo|) 09¢€ 1e1silio LZ=N +JWS 612 19 9O
€' 1-=99) €9¢ ‘dnoib ogade|d (0L =u:ogade|d
‘uolPNpal $5°0-=V ‘YN :13/90°01 19 0ga2e|d ‘00% ‘dnoJb auiwennqis S-S ‘L1 =U :duiwennqis) (AI-WsQ) 1002
yBram Juedytubisuou e pamoys sdnolb yiog 98'L-=V 4N :13/8/'¥01 19 Sulwennqis 4] auidezo|) _ulweanqls LZ=N Z0S VS gy|® 39 UOSISpUSH
*dnoib sulweIINgIS Ul UOWWOD Se 3dIM) Ised) Je +«/'0l-=99D (8L =u:oqgade|d
—swia|qoid daa|s pue $32943 3pIs d1bIdUIOYdIIUY G8'€+=V'68'CL1:13/00'601 19 0gde|d S-S ‘61 =U :dulWeRIINgIS) AIFWSQ) 500¢
'sdnoib usamyaq adudsayIp JUedHIUBIS  §8'9-=V ‘68'56 :13/¥/ 0L 11d dulwenngis 4] YN ‘aurdezuel Pulwenngls LE=N Z0S VS y|® 39 UOSISpUSH
sjuabe Aysaqonuy
‘(suidezo|p
JO |9A3] ewise|d 9y} 9SBIOUI URD SUIWBXOAN])
aAndun(pe) sdnoub yioq ui sjpAs| suidezopd +«8'1-=99D 00¢ ‘dnoib ogadeld (ep=u:oqgade|d
ewse|d Jejiwis aAd1yde 0} dno.b [eyuswadxd G'T+H=V'1'€/:13/9°0/ 19 092e|d ‘001 ‘dnoab aujwexoan|4 ‘T = U :DUIWEXOAN}) AIFWSQ) 8107
2y} ul ABajesys buisop auidezo)d mo| e pakojdw3 £°0+=V'9'0/ :13/6°69 19 SUIWEXOAN|{ 4! auidezo|) Qg :@UIWEXOAN|4 G8=N yaly o239 N7
(¥ :0gade(d
!/ ®UNISIYLIIQ + dulex0dal) snodoip UaAd|g S/ T-=99D (1 =u:oqgade|d
'syuanyedur yum Apnis LLY+=V"197TL 13/¥8 L9 719 0gde|d ‘67 =U:2unsIye1aq +
‘ureb 3yb1am Ul 3seaidul J1amo) 0T+H=V'LE 1L 8t + 1 aulisiyelsq aunexoqal) W-wsa) €£10¢
Ajpuedyiubis e pey dnoib aunsiyelaq +auiexogay :13/67°69 19 2U1ISIYLIDQ + dU1DX00DY 9 01 ‘auidezue|Q +9U119X009Y =N 7S <18 Aysnoinkod
“(eLBID AFNSQ) ZDS dposida-isily
‘(ogade|d 6 ‘aunaxogal 6) synodoup uaaybig «19'1-=D9) (8z=u:o0qgade|d
‘uteb jybram ui aseanut L6'7+=V '8T°€£ :13/9€'89 119 0g32e|d ‘L€ =U:aunsxoqai) W-wsa) £00¢
Jamo| Ajpuediyiubis e pey dnoib aupaxoqay LE'€+=V ‘vr0/ :13/€1°£9 119 dunaX0gaYy 9 01 ‘auidezue|p { :2URX0qRY 65=N 708 wwl2 13 Ksnoinkod
sjusWIWOo) (63) 3yBram (im) e(P/BW) asoQ (p/Bw) 9215 9|dules (ena31d) Apmg
uoplein@  ‘aseasiq xapu| 4oy bnug 950 by sisoubelig
Apmis JL3eIYdAS]

“(panunuod) z sjqeL

Postgraduate Press, Inc.
;21(6):19r02483

icians

Prim Care Companion CNS Disord 2019

@psychiatrist.com. ¢ © 2019 Copyright Phys

Issions

tact perm

.

issions, con

e8 E PRiIMARYCARECOMPANION.COM

For reprints or perm



Weight Gain in Severe Mental lliness

(panunuoo)

"(9%6¢) @3ed Inodoup ybiH
‘yb1om ui sdnoib
U9aMI3q DUBIRYIP JuedIUbIS Ajled1siiels oN

¥'0+=58D

(£1=u:ogade|d

y61am Juswyeanaid L'Z-=V "IN :L3/€'¥0L 19 0g2e|d suopuadspi+auidezo)d 0TL-0F  ‘Oz=u:dunexowole)  (AFWSQ) LL0T
113y} JO 9%/ < pauleb Ady1 yi papnjdul syualied £'1-=V "IN :13/T°701 :1g dunaxowoly v ‘duidezo|> ‘suidezue|Q 9UI}9XOWO}Y LE=N VDS ‘Z0S 2212 ||eg
‘uoljeuiquiod auidezo|d +ajozeididiie
£q UoIIdNPUI $103J4 SSISAPE JO YSLI JO dIeMe 3g
‘Adesayjouow +«S1'7T-=99D (66=Uu:0qgade|d
auidezo|> yum pajealy A|lewndogns 8€'0-=V "UN :13/8'68 19 0gde|d ('tL=uesw)  ‘gol=u:djozeididue)  (YI-AFNSQ) 0L0T g2 3
syuaned 72 up Juswanoidwi woydwiAs oN €6'7-=V UN:13/Lv6 1@ dlozeididuy 9L 006-£91 ‘auidezo|y  §|-§ :3jozeididuy L0Z=N Jyeyydsial4
#LE1-=99D INg
‘lINg Buipiebal suipejuewe (6=u:oqode|d
Bulioney aduJRYIP JULILIUBIS B SEM D19y | 00€ 01dn ‘71 =U:duIpeluewe) AIFWSQ) 500C
‘pajuasaid a1om eyep |Ng AlUO N 4! 0€-6 ‘auidezue|Q dulpeluewy 1Z=N 725 '¥DS‘ag 00l® 33 Weyein
‘dn-moj|o} #L¥'1-=94D (s9=u:ogadeld  (A-WSQ)
X99m-g Jayye Juedyiubis Ajjednsiels Jabuoj ou 8T’ L+=V "IN :13/0'C6 19 092¢|d 00€-001 ‘09=u:aulpeluewe) 73S ‘NS S00¢
sem sdnoib Juswless)} Usamiaq adUIBYIP YL 61°0- =V "dN :13/0°06 :1g dulpeIURWY 9l 0z-6 ‘auidezue|o dulpeuewWY SZL=N ‘¥ds‘lLag PREBERIJEL LT
syuabe Jay10
«0'€-=59D YN :duopliadsu (0z=u:0qaded
‘ogade|d yym pasedwod 6'L+=V YN 13/ ¥/ 19 099de|d ‘duidenanb ‘suidezue|jo ‘LlZ=Uu:aplweziuoz)  (Y1-AFNSQ) £10¢
1ybi1am paonpai Apuedyiubis spiweziuoz 1'Ll-=V 4N :13/¥'6/ 19 Splweziuoz ol ‘suidezo)d ‘sjozeididuy 0S| :Pplweziuoz l7=N g¢l® 12 yapezjueyn
‘01 :ogade|d
‘6 :9PIWRZIUOZ (7/6 1) 934 Inodoup ybiy AIsp
yb1am #6'7-=98D (08 =ueaw) (zz=uogadeid  (A-WSQ)
ul dseaidul 1amo| e pey dnoib apiweziuoz sy | 0'6+=V'/£'S0L :13/5°001 19 0g2e|d 009-001 ‘0z=u:aplweziuoz) SON-A9 ‘zAd zLoe
‘uteb ybram pasuauadxs sdnoib yjog 6'0+=V '¥'26:13/5°96 19 oplweziuoz 91 Gz-6 ‘auidezue|Q Dplweziuoz w=N 1ag ‘2ds sle1e KoJ| PP
YIFVLL
‘dnosb ogadeld 4z F /L
‘dnolb 0oz 21ewelidoy (0z=u:0qgade|d
199M Y1Z | dY} |I3UN UOIdNPal pauleisns /¥'8+=V "dN :13/9'79 :1d 0ga2e|d YzF 18l ‘dnoib 0oL ‘07=Uu:00Z drewesidoy
e paulejulew bw 0oz 410 bw QL Jo Sasop AjUo  GE'0+=V ‘YN :13/2°29 119 00Z rewelido] ojeweldoy y'zF6' /L ‘0z=u:001 dewesidol
JI9AOMOY ‘[ell} 3Y3 JO 9SIN0D AU} JAA0 WYBIBM  90'0+=V ‘YN :13/9'89 :1d 00 d1ewelido] ‘dnoub g arewesdo] 00Z10°00L ‘0§ ‘Oz=u:QS 91ewendoy)  (YI-AIFWSQ) 9102
Buidnpal ul snoedYs a1am sasop dewelidol ||y ¥6'L+=V YN :13/5°29:19 0S 21ewesido] 4! suidezue|Q :91ewelido] 08=N 1ag ‘zos ol 32 19e[BL
€/-=959D (e =utogadeld
“JyBIam 30U Ing [01333|0YD [e303 pue ‘9500N|6 0'9+=V'8'85:13/ 8'CS 19 09ade|d ‘c¢ =u3jeweldoy) (o1-adn 010¢
Bunsey ‘|ng paonpai Apuediiubis sewesido] €1-=V'£'7S13/0'vS 19 deweudo] cl 0z~ ‘duidezue|p 001 :@3ewelido] £L9=N 55l€ 19 gjnieN
%CL'l==DgD INg
‘lNg Buipiebas jewelidoy (91 =u:ogade|d
Butioney ed>ualayIp JURIHIUBIS B SeM 313y | 00€-0S ‘gL =u:ejewendol)  (YIA-NSQ) 600¢
‘pajuasaid a1om eyep |Ng AlUO N 8 dN ‘duidezo|) :91ewesido] Z€=N el 19 JRys)y
dN :duopiseidiz
+L7T-=94D ‘|ozeididiie ‘suopuadsi (£ ySz=uesw) (71 =u:0gade|d
‘ABojoyedoydAsd a3eys sejodiq paxiw T0+=V «"dN :13/4N 119 0g2e|d ‘duidezue|o ‘auidenanb 00%-0S ‘ty | = U :9)ewelidoy) 9007 ¢cle 18
Jo djuew uj jewelidoy 1oy 1yaUSq JuRdHIUBIS ON S'T-=V'UN:1I/UN g drewendol L ‘winiyy| ‘s3eo.dieAlq :d)ewesdo) L8T=N (AFWsa) Lad eddebuay) Loy
SJUSWIWOD (63) 3yBram (1m) o(P/Bw) 3s0Q (p/Bu) azi5 ajdwies (GICES) Apms
uoneing  ‘aseasiq xapuj Joy bnig 950 by sisoubelig
Apms duzelydAsd

“(panunuod) Z 3jqeL

Postgraduate Press, Inc.
PRIMARYCARECOMPANION.COM [E €9

icians

@psychiatrist.com. ¢ © 2019 Copyright Phys

.

Issions

.

tact perm

.

1ssions, con

.

Prim Care Companion CNS Disord 2019;21(6):19r02483

For reprints or perm



Hiluy et al

‘(dloyine

Aqg pay12ads J0u) UOIHPUOD [RIUSW SNOLIDS = +DNS ‘eluaIydozIyds = 7S 4apI0sIp Wiojiuaiydoziyds = \DS 42PI0SIp SAIIIBYLO0ZIYDS = YIS ‘pPandads asimIayio Jou sisoydAsd =SONd ‘Pariodal Jou=yN ‘et Jo pus=]3
‘sdnob usamiaq abueyd =g ‘xapul ssew Apoq =|Ng ‘duljaseq =g ‘panidads asimiaylo Jou Japiosip Jejodiq=SON-ag ‘z 2dA1 Japiosip tejodiq=zag ‘L 2dA3 1apiosip Jejodiq = | gg ‘1apiosip Jejodiq =g :suoleinaiqqy
‘9dU3|eAINDS SuIZewoIdIo|Y Dy

JuedIUBIS,,

‘9]qejieAe usym sdnoub Aq 9sop uesw Bnip 9seasip Xapu,

80+=04D (51=u:oqadeld
TTH=V'€'€9:13/1°'19 19 0g0de|d Y0ZFLS0L ‘S1=U:3u0zey|Bisol) W-wsa) 600¢
'sdnoub usamiaq adualayIp 1ybiam Juediiubis oN 0'€+=V'6'99 :13/6°€9 19 duozey|bisoy 4! ‘0z-01 :duidezuej) g :auozey|bisoy 0£=N 705 012 39 easideg
‘ogadeld
SA UO3}|WRJ U] PadNpal |043)S3|0YD |e30L 66'0+=59D N (9=u:oqade|d
‘ybram ¥8'0-=V'€/'16:13//5'T6 19 0ga3€|d :auidenanb ‘suopuadsu ‘¥1 =U :uod)dWel) AIFWSQ) 110Z
u1 sdnoib uaamiaq 9oUUBYIP Aj|ed13SIFeIS ON S1'0+=V'99'78:13/15'78 119 Uoa}pwey 8 ‘auidezue|o ‘suidezo|) 8 :uod}awey 0Z=N 70S 'VOS 6ol 12 BQIOG
‘pariodal Jou a1am saweu d3oydAsdiuy
WBem
50| SUOX3J}|_U YHIM $393(qNs d13agelpuou AjuQ «LLv-=99D (zL=u:oqgade|d
‘ogade|d 0 pasedwiod LE1+=V'¥1'S01 :13/99'%01 79 0992¢e|d ‘7L =Uu:auoxailjeu) W-wsa) 10T
$50] 3ybB1am Juedyubls pey dnoib SuoxaileN  Ot'€-=V 90801 :13/L50L 1L 71g uoxalyeN 8 dN G ‘auoxaljjeN ¥Z=N Z0S VDS FSCREREIR
70-=59D €11 :dnoib ogadeld (91 =u:o0qgade|d
6'0-=V '8'€6:13//¥6 119 0gd2e|d ‘g1 :dnoib suoxalneN 'f| =U :2UOX31}|eU) AIFWSQ) 10T
‘sdnoJb usamiaq adualayIp 3ybiam Juediiubis oN I'L-=V ‘€16 :13/¥'76 19 duoxaiyjeN 4! 0z-6 :duidezue|Q 0G :2UOXaJ}eN 0€=N 70S 'VOS 0l 12 elIdAR]
‘ureb Jybram ss9)
pey dnoib uiuojejpw suopuadsu pue suidenand
1y61om s10w paueh +£'0-=98D #l'GLT (5z=u:oqadeld
dnoib uluoyepw suidezuejo pue suidezo|) TT+H=V 70, :13/6'%9 119 0gade|d :auidenjanb ‘suopuadsu ‘Sg=u:uluolepw)  (YI-AFWSQ) 102
*| :0g92e|d ‘G :ujuojejdwW :synodoig S 1+=V'6'£9:13//°S9 119 UluoIR|PN 8 ‘auidezue|o ‘auidezo|) [V TEIN 0S=N 7Js‘1ag 90l2 12 BABN-OWOY
*(sdnob Yy30q) %6z :93e4 3nodoig
'$9102S SSNVd Ul Uoi3dNpai
1938316 Aj3UedlyiubIs pey dnoib ujuoledy «C€-=99D 8'0¢ :dnoib ogade|d (yz=u:oqgade|d
‘ureb ¥'S+=V ¥'0/:13/6'79 119 0gade|d ‘0°0Z :dnoib uluoledy ‘Fg=u:uluoePwW)  (YIAFNSQ) ¥10T el 29
1yb1am ssa| Ajpuediyiubis pey dnoib ujuoledy TTH=V'6'£9:13/£°S9 119 uUluole|dN\ 8 GZ-6 :duidezue|0 € :UlUOIe PN 8r=N 708 eluIaqgepo
suopuiadijed ‘spudinsjiwe
0=99D ‘auopiseudiz ‘suidenyanb (zz=u:oqgade|d
yb1am ur sdnoib TT-=V'4N:13/LL1L g 0g9de|d ‘auopliadsi ‘sjozeididue (Aproam) '€z =U:3pljeusxs) (01-aon £10¢
U93MI DDUBIBHIP JuedIubIS AJed1siiels oN TT-=V'4N:13/€'8L 1 :19 dpIreudxy 9l ‘auidezue|o ‘auidezoy)  Hwi z :9pireusxy Sy=N 7S 4ol 12 ABYs|
9€ ¥ F v’ L L :dnoib
€1-=0g) ogade|d ‘b5 SF8/L Tl (8L=u:ogaseid  (AFWNSQ)
yb1am u sdno.b 6'9+=V ‘4N :13/95°89 19 0gde|d :dnoib sunsiyelsg ‘gL =u:dunsiyeIdq)  SONd ‘ZDS 910t
U99M3}D( DDUIYIP JuedLIUBIS A||ed13sIie)s ON 9'6+=V "YN :13/95°S/ 19 dunsiyelag ol suidezue|p 8P :DUNISIYRIdg 9¢=N ‘DS '¥DS ol 13RIy
sjuswiwo) (63) 3yBram (1m) e(P/Bw) 3s0Q (p/Bu) azi5 a|dwies (eu=31d) Apmg
uopein@  ‘aseasig xapu| 4oy bnig 950 by sisoubelig
Apmis duzelydAsq

“(panunuod) z sjqeL

Postgraduate Press, Inc.
;21(6):19r02483

Prim Care Companion CNS Disord 2019

icians

@psychiatrist.com. ¢ © 2019 Copyright Phys

Issions

tact perm

.

issions, con

€10 E PRiMARYCARECOMPANION.COM

For reprints or perm



discussed together (Table'2).

Rosiglitazone is another antidiabetic agent studied in the
management of weight disorders in a patient with SMI.7°
In contrast to studies with metformin,'>?224-327! the only
study’® using rosiglitazone 8 mg/d compared this compound
with placebo in a 12-week trial and found that body weight
significantly increased in both groups (with no significant
differences between the groups). Exenatide, a glucagon-
like peptide-1 receptor agonist (GLP-1RA), was evaluated
in 1 trial.** The GLP-1RAs are registered for treatment of
both obesity and type 2 diabetes. Ishoy and colleagues®*
performed a clinical trial with exenatide 2 mg weekly in
patients with schizophrenia. The exenatide group presented
a similar weight gain compared to the placebo group after 3
months.® The authors®* concluded that exenatide did not
promote weight loss in obese, antipsychotic-treated patients
with schizophrenia compared to placebo.

Amantadine, a dopamine agonist approved for the
treatment of extrapyramidal side effects of medications,
idiopathic parkinsonism, and influenza-A infection, was
investigated for weight management in SMI in 2 RCTs.>
The mechanism by which amantadine stabilizes weight is
unknown, but it is postulated to be related to its ability to
decrease prolactin and thereby influence gonadal and adrenal
steroids.”! In 2 short-term RCTs, amantadine appeared to
attenuate weight gain or promote weight loss in some patients
who had gained weight during olanzapine therapy.>**°

Atypical antipsychotics, such as aripiprazole, have a
relatively low potential for weight gain.”> Some long-term
studies in schizophrenia have suggested that aripiprazole
treatment is not associated with an increase in body weight”
and may promote some weight loss.”* We found 1 RCT®!
that evaluated if adding aripiprazole to clozapine can prevent
the weight gain observed with this agent. Fleischhacker et
al®! studied aripiprazole used as an add-on medication in a
sample of patients with schizophrenia using a stable dose of
clozapine and showed a statistically significant weight loss
compared to placebo.

Atomoxetine is an SNRI associated with appetite
suppression.®? It was evaluated in 1 RCT® and failed to
demonstrate a difference compared to placebo in weight loss.

Betahistine, an antivertigo agent, may be useful to
partially counteract the antipsychotic-associated weight gain
that might be caused by H, blockade.®® Recent studies in
rats showed that both subchronic® and chronic® betahistine
cotreatment prevented olanzapine-induced weight gain. In 1
trial performed by Barak et al,%® betahistine was not superior
to placebo on weight parameters.

Melatonin, a hormone that regulates the suprachiasmatic
nucleus, has been associated with prevention of weight
gain induced by antipsychotics in an experimental study
of animals treated with this hormone.”” In humans, 2
studies®>%® were performed using melatonin to treat weight
gain in patients with SMI. Although both studies®>® failed
to demonstrate weight loss, patients in the melatonin groups
gained significantly less weight than patients in the placebo
groups.

Weight Gain in Severe Mental lliness

Naltréxone is an opioid receptorsblocker that has been
studied for weight loss based on findings suggesting that
orexigenic opioid pathways are critically involved in the
regulation of food intake®® enhancing food pleasantness.”
The fixed combination of naltrexone with bupropion is
currently approved in many countries for the treatment
of obesity. We found 2 studies®”:® that tested naltrexone
to counteract weight gain induced by antipsychotic agents
in patients with SMI, which had different results. While
Taveira et al®” found no significant difference between the
groups, Tek et al®® found that naltrexone-treated patients had
significant weight loss compared to placebo.

Ramelteon is a MT1 and MT2 melatonin receptor
selective agonist'® used for insomnia treatment and sleep
cycle disturbances that might be able to improve metabolic
abnormalities in the schizophrenia population.®® It was
tested by Borba et al® in a small sample size, short-term RCT,
and no statistically significant difference in body weight was
found between the ramelteon and placebo groups.

Quality Assessment

A modified version of the Delphi List?* was used to
assess the methodological quality of the RCTs included in
this review. Overall, the studies presented a good quality
(scores>7), which indicates a low risk of bias. Major
weaknesses found in the studies include lack of sample
size calculation and nonblinding of the care provider. It is
important to consider that the sample size calculation is one
of the most important items in quality assessment once it
supports an external validity of the findings. Of note, these
negative points were less observed in metformin studies,
which had an overall better quality assessment.

Meta-Analysis

There were enough studies focusing on our primary
outcome to analyze pooled effect sizes for metformin,
sibutramine, topiramate, and nizatidine. Additional analyses
for subgroups focusing on both study quality and study
duration were only possible for metformin and sibutramine.
For nizatidine and topiramate, we did not perform a
subgroup analysis for study duration.

Metformin. Data were available for 10 metformin
studies,!>?12224-2971 which included 704 individuals and
yielded a pooled significant mean difference of —3.36 kg
(95% CI, —4.63 to -2.1) favoring metformin. There was
a significantly high heterogeneity (x*=69.63, P<.00001,
I>=86%) among studies. A second analysis imputed SD values
for 2 studies®>* reaching a total of 12 studies!>21-22-24-30.32.71
with 843 individuals and a pooled effect size of —3.27 kg
(95% CI, —4.49 to —2.06) favoring metformin. Interestingly,
heterogeneity decreased but remained significant (x*=70.41,
P<.00001, I>=82%) (Figure 2). Regarding subgroups, there
was no significant difference between the pooled mean
differences of long-duration (N =3; mean difference: —3.34
kg; 95% CI, —4.49 to —2.20)*7283071 yersus short-duration
trials (N=8; mean difference: —3.34 kg; 95% CI, -5.01 to
-1.67).15:21:22:24-26.29.32 A gignificant difference between all
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Figure 2. Forest Plot of Pooled Effects of Metformin, Topiramate, Sibutramine, and Nizatidine on Body Weight (kg) in
Severe Mental lliness

Metformin Control
Total Total Weight, Mean Difference Mean Difference
Study or Subgroup Mean SD N Mean SD N % IV, Random, 95% Cl IV, Random, 95% Cl
Wu et al (minus lifestyle modifications), 2008"> -3.2 1.9 32 3.1 1.9 32 36 -6.30(-7.23t0-5.37 —_
Wang et al, 2012% -33 39 32 25 4 34 30 -5.80(-7.71t0-3.89 _—
Wu et al, 2008' 19 272 18 687 423 19 2.7 -4.97(-725t0-2.69 -
Wu et al, 2012 -237 61 42 215 6.1 4 25 -452(-7.13to-191 _
Rado et al, 20167 249 235 12 588 523 13 22  -339(-6.53t0-0.25 _
Wu et al (plus lifestyle modifications), 2008~ -4.7 3.2 32 -14 18 32 34 -330(-4.57t0-2.03 —_—
Chen etal, 2013% -32 31 28 -02 21 27 33 -3.00(-439to-1.61 _—
de Silva et al, 2015 -156 19 34 1 19 32 05 -256(-11.73t06.61] +
Carrizo et al, 20092 -187 29 24 016 29 30 32 -2.03(-3.59t0-047) —_—
Jarskog et al, 20132 -3 43 75 -1 42 71 34 -2.00(-3.38t0-0.62) _—
Baptista et al, 200774 -14 32 36 -0.18 238 36 34 -1.22(-261t00.17) R
Chiu et al (1,000 mg), 2016 -097 129 19 -0.1 1489 18 05 -087(-987t08.13) +
Baptista et al, 20062’ 55 33 19 63 23 18 3.1 -0.80(-2.63t01.03) —_—
Chiu et al (500 mg), 2016 -07 1438 18 -0.1 1489 18 05 -0.60(-10.16t0896) + >
Total 421 422 354 -3.27(-4.49to-2.06) -
Heterogeneity: 2= 3.57; x?=70.41, df =13, P<.00001; /2 =82% 4 2 0 2 4
Test for overall effect: 7=5.28, P<.00001 Favors [metformin] Favors [control]
Topiramate Placebo
Total Total Weight, Mean Difference Mean Difference
Study or Subgroup Mean  SD N Mean SD N % IV, Random, 95% Cl IV, Random, 95% Cl
Afshar et al, 2009°* -25 34 86 0.2 3 91 138 -2.70(-3.65to -1.75) ——
Ko et al (100 mg), 2005°! -168 53 16 -03 2.59 20 10.8 —-1.38 (-4.21to 1.45) —_—
Ko et al (200 mg), 2005 -535 435 17 -03 259 20 1.7 —=5.05(-7.41 to -2.69) —_—
Narula et al, 2010 -127 228 33 603 399 34 130  -7.30(-8.85t0-5.75) —
Nickel et al, 2005° -4.4 16.3 25 12 1476 18 3.1 —5.60 (-14.95 to 3.75) +
Roy Changappa et al, 2006°3  -24 393 16 049 237 16 119 -2.89(-5.14t0 -0.64) —_—
Talael et al (100 mg), 2016°° 005 356 20 847 357 20 119  -842(-10.63 to-6.21) —_—
Talael et al (200 mg), 2016%° 0.35 382 20 847 357 20 1.8 —-8.12(-10.41t0 -5.83) D
Talael et al (50 mg), 2016% 194 33 20 847 357 20 121 —6.53 (-8.66 to -4.40) —_—
Total 253 259 100.0 -5.33(-7.20 to-3.46) -
Heterogeneity: 12=6.37; x?=58.10, df=8, P<.00001; *=86% -10 -5 0 5 10
Test for overall effect: Z=5.58, P<.00001 Favors [topiramate] Favors [placebo]
Sibutramine Control
Total Total Mean Difference Mean Difference
Study or Subgroup Mean  SD N Mean SD N Weight, % IV, Random, 95% Cl IV, Random, 95% Cl
Biederman et al, 2014%° -6.1 6.7 5 19 35 6 7.2 -800(-1451t0-149) +—=—————
Henderson et al, 20054 -38 1.1 19 -0.8 0.7 18 61.6 —300(-3.59t0 -2.41) E B
Henderson et al, 20074 -19 3 10 -0.5 22 8 312 -1.40 (-3.80 to 1.00) — &
Total 34 32 100.0 -2.86 (-4-72t0-1.01) i
Heterogeneity: T2=1.36; x’=3.94, df=2, P=.14; I>=49% -4 2 0 2 4
% Test for overall effect: Z=3.03, P=.002 Favors [sibutramine] Favors [control]
Nizatidine Control
Total Total Mean Difference Mean Difference
Study or Subgroup Mean  SD N Mean  SD N Weight, % IV, Random, 95% Cl IV, Random, 95% Cl
Assuncéo et al, 2006 oo 27 07 0 27 Not estimable
Atmaca et al, 2003 -45 22 18 23 09 17 255  —6.80(-7.90 to -5.70) ——
Atmaca et al, 2004% -1 0.6 14 12 12 14 26.2 —-2.20 (-2.90to -1.50) —.
Cavazzoni et al (300 mg), 20033 356 4.95 57 418 433 60 242 -0.62(-231t01.07) —
Cavazzoni et al (600 mg), 2003* 329 533 58 418 433 60 24.1 —0.89 (-2.65 t0 0.87) —
Total 174 178 100.0 -2.68(-5.45100.10) et
Il Il 1 1
} } } }

Heterogeneity: 12=7.53; x?=63.78, df=3, P<.00001; 1> =95%
Test for overall effect: Z=1.89, P=.06

-4

Favors [nizatidine] Favors [control]
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high-quality studies™ 12439357 (=3760 kg; 95% CI,-4.89 t0
-2.31) and the only low-quality study?*? emerged, but as the
latter group had only 1 observation, this result is probably
not generalizable.

Sibutramine. A total of 3 studies provided data for
66 subjects using sibutramine. There was a significant mean
difference of -2.86 kg (95% CI, —4.72 to —1.01) favoring
sibutramine. Heterogeneity was nonsignificant and moderate
(X*=3.94, P<.14, I*=49%) (see Figure 2). Removal of the
only high-quality study*” changed the pooled effect size to
-3.98 kg (95% CI, —10.29 to 2.33) and removing the only
long-duration study®® changed it to —2.64 kg (95% CI, —3.95
to —1.33), both with no significant difference from the overall
effect size for sibutramine.

Topiramate. Six studies were available with a total of 469
subjects tested using topiramate.’!~>® There was a significant
mean difference of —5.33 kg (95% CI, —7.20 to —3.46) favoring
the topiramate group. Heterogeneity was high and significant
(x*=58.10, P<.00001, I?=86%). Furthermore, we imputed
SD values for 1 study®? and reached a total of 512 studied
individuals and a pooled effect size of —5.33 kg (95% CI,
-7.20 to —3.46) favoring topiramate (x*=58.10, P<.00001,
I?=86%) (see Figure 2). Removing the only low-quality
study®® changed the effect size to —5.03 kg (95% CI, -7.02
to —3.04), which did not significantly differ from the pooled
effect size for all topiramate studies.

Nizatidine. Four studies*~3° provided data for 298
individuals participating in research with this drug. A mean
weight loss of —2.68 kg (95% CI, —5.45 to 0.10) favoring
nizatidine was found (x*=63.78, I’=95%) (see Figure 2);
however, this result was not statistically significant (P=.06).
The removal of 1 low-quality study® yielded an effect size of
-2.81kg (95% CI, —7.23 to 1.61), which was not significantly
different from the pooled effect size for nizatidine.

47,48,50

DISCUSSION

The pharmacologic management of weight gain in
SMI is an evolving area of research. This study, to the
best of our knowledge, expands previous reviews on
the subject by including at least 12 RCTs not previously
analyzed.30-3239-50.56.63.65-6871 Qur meta-analysis uncovered
that metformin, topiramate, and sibutramine induced
significantly more weight loss than placebo in such patients.
Metformin was the most-studied compound for the treatment
of weight gain in SMI and was evaluated in 14 RCTs,!>21-3271
followed by topiramate (6 RCTs*!~%6), nizatidine (4
RCTs**736), and sibutramine (3 RCTs*”#8%). The other agents
(famotidine,” ranitidine,®* fluoxetine,***! fluvoxamine,*>*¢
reboxetine,*>** orlistat,*’ zonizamide,’”*® amantadine,>
aripiprazole,®! betahistine,% ramelteon,® melatonin,®>%6
naltrexone,®”®® rosiglitazone’®) were investigated in only 1 or
2 isolated studies. Metformin showed significant results in 10
out of 12 trials, including 4 trials with longer duration (24/26
weeks).27283071 A meta-analytical procedure demonstrated a
pooled weight decrease of —3.27 kg (95% CI, —4.49 to —2.06)
favoring metformin. For topiramate, the second most-studied

Weight Gain in Severe Mental lliness

agent for weight gain in SMI, the pooled effect was even
higher: —5.33 kg (95% CI, -7.20 to —3.46). The last agent with
a positive effect on weight management was sibutramine,
with a pooled effect of —2.86 kg (95% CI, —4.72 to —1.01).
However, as sibutramine was removed from the market in
several countries, it will not be included in our discussion.
Finally, the meta-analytical procedure performed with
nizatidine RCTs*~% showed a result of —2.68 kg (95% CI,
—5.45t0 0.10), which was not statistically different compared
to placebo. Regarding the agents with positive effect on the
quantitative analysis (metformin and topiramate), the results
did not differ significantly between groups.

The current meta-analysis confirms the findings of
previous metformin reviews'°"12 and supports its potential
role in the pharmacologic treatment of weight gain in patients
with SMI. Proposed for the first time in 1999 for patients with
drug-treated SML®' it was tested 2 years later'®® and since
then has been studied using different SMI populations'®*
and designs. In a meta-analysis, de Silva and colleagues'®
assessed the effects of metformin on weight in SMI in 12
RCTs (including 2 studies with adolescents) and found a
similar pooled weight change compared to our data (mean
change in weight: —3.27 kg; 95% CI, —4.66 to —1.89). These
findings were considered not only statistically significant
but also clinically meaningful. Use of metformin resulted
in clinically significant weight loss (more than 5%) in about
half the patients in several trials.?*?® The authors'%* also
demonstrated a significant effect of this agent in secondary
outcomes such as BMI and insulin resistance index, but not
in fasting blood glucose. Moreover, the antiobesity properties
of metformin appear to be more pronounced in first-episode
patients than in chronic patients who have already gained
weight.?*?” Taken together, this cumulative evidence appears
to support the use of metformin in patients with weight gain
in SMI, mostly in early stages of the illness. Additionally, as
metformin does not act on the central nervous system, it
can be considered safer than other agents in patients with
SMI. However, it is important to note that a recent report!®
suggests that metformin might alter mitochondrial processes
involved in fitness and energy. This possibility should be
properly assessed before recommending its use to treat
weight gain in patients with SMI, since not only weight
control but also cardiovascular and metabolic health are
important issues to be considered.

Topiramate is a promising agent to treat weight gain in
SMI, considering its effect size on weight reduction. This
reduction appears to be clinically meaningful, with more
than 50% of the topiramate-treated patients showing a
reduction of 10% of initial body weight.”! Two trials®*
demonstrated a concomitant reduction in BMI, fasting
blood glucose, total cholesterol, low-density lipoprotein
cholesterol, and waist circumference, as well as an increase in
high-density lipoprotein cholesterol. As suggested in 2 other
RCTs*!*® included in our review, higher doses of topiramate
are associated with a higher effect on body weight. Overall,
topiramate was considered safe in this population; adverse
events were generally mild to moderate and were tolerated or
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resolvéd over time.>® > However, in"contrast to metforming
topiramate was evaluated only in a few short-duration trials,
and more studies with different designs and long-term
duration are needed to confirm its usefulness in SMI patients
with weight gain.

As observed with nizatidine, trials with other H,
antagonists (famotidine®” and ranitidine’®*) did not show
consistent results on weight outcomes in SMI. In the class
of antidepressants, the SSRI subgroup (fluvoxamine**46
and fluoxetine*>*") did not show positive results in weight
outcomes in this population. Despite these findings,
the SNRI reboxetine was shown to prevent weight gain
in 3 trials.*>*4%> Orlistat, an antiobesity agent, failed to
demonstrate effectiveness in SML*’ Other compounds
tested in the management of weight gain observed in patients
with SMI showed negative (betahistine,** ramelteon,*® and
rosiglitazone’®) or conflicting results (amantadine,°
melatonin,®>® aripiprazole,®' naltrexone®”%%), and more
studies with enough power and longer duration are needed
to gain a better understanding of their potential role.

A recent study'® with liraglutide, a glucagon-like
peptide-1 receptor agonist, showed some promise in
promoting weigh loss in patients with SMI. The mean
difference in body weight in the liraglutide group was
significant compared with placebo (-5.3 kg; 95% CI, -7.0
to —3.7). Since body weight was not a primary outcome, this
study'% was not included in our review.

Overall, studies evaluating the effects of pharmacologic
agents in the management of weight gain in SMI showed
several methodological flaws, such as small sample size,
lack of sample size calculation, short duration, and lack
or incomplete assessment of metabolic parameters.
To overcome these limitations, the US Food and Drug
Administration Guidelines for Developing Products for
Weight Management!”” provide a good reference for
future studies in the area, which includes a specific topic
about medication-induced weight gain. The inclusion of
categorical measures (proportion of subjects losing at least
5% of baseline body weight) as primary outcomes and the
assessment minimum secondary outcomes (blood pressure
and heart rate, lipids, fasting glucose and insulin, HbA,_ in

patients with type2 diabetes, and waist circumference) are
mandatory for further trials in the field. Another important
point is the recommendation of a minimum duration of 1
year for an obesity trial. Therefore, even metformin—our
most-studied agent for weight management in SMI—still
needs to be evaluated in longer studies and is not approved
as an antiobesity agent. In conclusion, we suggest that future
studies involving the pharmacologic treatment of weight
gain in patients with SMI should be more aligned with the
methodological standards of the general obesity field.

Weight gain in individuals with SMI has a multifactorial
etiology'®"'? with a marked interplay between the underlying
disease and medication-related factors. For such complex
conditions, the better option usually is a multimodal
treatment with a combination of interventions to address
all those components. Due to the paucity of information
regarding this issue, it is recommended to explore in future
studies the effectiveness of combining pharmacologic,
nutritional, and psychological interventions to deal with
weight gain in SML

Limitations of this review were mainly characterized by the
limitations of the trials already mentioned. Other limitations
are that we did not search for unpublished materials or contact
pharmaceutical companies that are potentially interested in
the development of agents to manage weight gain in SMI, and
other databases were not included. Despite these limitations,
this systematic review and meta-analysis was comprehensive,
including several studies not covered by previous reviews.

In conclusion, this review provides additional evidence
to support a potential role of metformin and topiramate in
the management of weight gain in patients with SMI. The
higher current level of evidence available for metformin
may support its utilization early in the treatment schedule
for patients with SMI presenting a significant increase
in body weight. Furthermore, topiramate also showed
positive weight reduction properties in this population and
may represent an alternative to metformin. Overall, trials
assessing the effectiveness of pharmacologic agents in the
area are characterized by some flaws and need to be more
aligned with the methodological standards of the general
obesity field.
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