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Background: Antipsychotic-induced metabolic adversities
are often difficult to manage. Using concomitant medi-
cations to counteract these adversities may be a rational
option. Objective: To systematically determine the effec-
tiveness of medications to counteract antipsychotic-induced
metabolic adversities in patients with schizophrenia. Data
Sources: Published articles until November 2013 were
searched using 5 electronic databases. Clinical trial regis-
tries were searched for unpublished trials. Study Selection:
Double-blind randomized placebo-controlled trials focus-
ing on patients with schizophrenia were included if they
evaluated the effects of concomitant medications on anti-
psychotic-induced metabolic adversities as a primary out-
come. Data Extraction: Variables relating to participants,
interventions, comparisons, outcomes, and study design
were extracted. The primary outcome was change in body
weight. Secondary outcomes included clinically relevant
weight change, fasting glucose, hemoglobin Alc, fasting
insulin, insulin resistance, cholesterol, and triglycerides.
Data Synthesis: Forty trials representing 19 unique inter-
ventions were included in this meta-analysis. Metformin
was the most extensively studied drug in regard to body
weight, the mean difference amounting to —3.17 kg (95%
CI: —4.44 to —1.90 kg) compared to placebo. Pooled effects
for topiramate, sibutramine, aripiprazole, and reboxetine
were also different from placebo. Furthermore, metformin
and rosiglitazone improved insulin resistance, while aripip-
razole, metformin, and sibutramine decreased blood lipids.
Conclusion: 'When nonpharmacological strategies alone
are insufficient, and switching antipsychotics to relatively
weight-neutral agents is not feasible, the literature supports
the use of concomitant metformin as first choice among

pharmacological interventions to counteract antipsychotic-
induced weight gain and other metabolic adversities in
schizophrenia.
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Introduction

Antipsychotics can cause numerous side effects, includ-
ing weight gain and metabolic derangements that are
often difficult to manage; using concomitant medications
to counteract these adversities may be a rational option.
However, data are still limited regarding effective medi-
cations to counteract antipsychotic-induced metabolic
adversities in schizophrenia. In an early report, Faulkner
et al' reviewed 18 randomized trials, which assessed the
effects of adjunctive medications to counter weight gain
in patients with schizophrenia. Despite identifying trials
showing positive results for reboxetine and topiramate,
and mixed results for sibutramine, nizatidine, and aman-
tadine, based on the paucity of data, the authors con-
cluded that adjunctive medications should be reserved
for patients in which nonpharmacological strategies
alone are inadequate. In a more recent report, Maayan
et al’ performed a systematic review and meta-analysis on
the effectiveness of add-on medications used to attenu-
ate antipsychotic-induced weight gain and metabolic
abnormalities. The authors concluded that metformin,
D-fenfluramine, sibutramine, topiramate, and rebox-
etine significantly attenuated weight gain. Of note, this
important work had some limitations: Study populations
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were heterogencous regarding psychiatric diagnosis,
combinations of antipsychotics aiming at the reduction
of metabolic adversities were excluded, and unpublished
trials were not included. In the latest systematic review
and meta-analysis on pharmacological interventions
for antipsychotic-induced and mood stabilizer—induced
weight gain, Fiedorowicz et al® concluded that metfor-
min and topiramate were superior to placebo. Although
this work updated the available evidence and reviewed a
wider range of medications including combinations of
antipsychotics, similar limitations can be pointed out:
Study populations were heterogeneous regarding diagno-
sis, unpublished trials were not searched, and the number
of trials included was limited to 32.

To our best knowledge, following the review by
Fiedorowicz et al,®* 10 double-blind randomized con-
trolled trials (total » = 578) using concomitant drugs
to counteract antipsychotic-induced metabolic adversi-
ties in patients with schizophrenia have been published,
including first reports on reboxetine-betahistine com-
binations* and zonisamide.® To update the available
evidence regarding this clinical relevant topic, we under-
took a systematic review and meta-analysis regarding
the effectiveness of add-on medications to counter-
act a wide range of antipsychotic-induced metabolic
derangements, with a specific focus on patients with
schizophrenia.

Methods

A study protocol was prepared before commenc-
ing data collection (supplementary appendix). The
PRISMA statement (Preferred Reporting Items for
Systematic Reviews and Meta-analyses)® was followed
to ensure transparent and complete reporting. Two
independent authors (Y.M. and H.U.) undertook the
search, assessed eligibility, and extracted data. Any
discrepancies during these procedures were resolved
through discussion.

Search

Published articles from 1950 to November 5, 2013 were
searched without language restrictions using EMBASE,
MEDLINE, PsycINFO, PubMed, and the Cochrane
Library. Search terms included synonyms of schizophre-
nia, combination treatment, metabolic derangements,
and the names of medications previously reviewed by
Maayan et al.? (supplementary appendix). Limits were
set for “clinical trials” and “humans” where applicable.
References of relevant articles were hand-searched for
additional articles. Furthermore, unpublished studies
were searched in clinical trial registries (http://clinicaltri-
als.gov/) using the term “schizophrenia” and synonyms
of combination treatment, with a limit to “interventional
studies.”
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Selection Criteria

Studies were included if (1) they were double-blind ran-
domized placebo-controlled trials using concomitant
medications to counteract antipsychotic-induced meta-
bolic adversities, (2) a majority of subjects had a diagnosis
of schizophrenia or related psychotic disorders according
to study diagnoses, and (3) they reported on changes of
metabolic adversities as a primary outcome. We included
combinations of antipsychotics if a second antipsychotic
was used specifically to treat a metabolic adversity of the
primary antipsychotic drug. If several publications were
found from the same investigators using overlapping
samples, we included data with the longest duration, the
most detailed information, and/or data that were most
relevant to our primary outcome (ie, weight gain).

Outcome Parameters

The primary outcome was defined as changes in weight
gain at endpoint. As secondary outcomes, we extracted
data on the following: clinically relevant weight change
as defined in individual studies (eg, 7% or more weight
loss), fasting glucose, hemoglobin Alc (HbAlc), fasting
insulin, the homeostasis model of assessment of insulin
resistance (HOMA-IR), total cholesterol, low-density
lipoprotein (LDL) cholesterol, high-density lipoprotein
(HDL) cholesterol, and triglycerides. Intention-to-treat
(ITT) datasets were used whenever available.

Data Analysis

Prior to the meta-analysis, risk of bias of the included
studies were assessed using the Cochrane Risk of Bias
Tool.” When 2 or more studies were present per inter-
vention, meta-analyses were performed using Review
Manager, version 5.2.5 (The Cochrane Collaboration,
http://ims.cochrane.org/revman). For continuous out-
comes, mean differences were calculated using the
inverse variance statistical method and random effects
model to adjust for study heterogeneity. Unreported SD
values were supplemented using procedures described in
the supplementary appendix. Two-sided 95% ClIs were
used to assess significance, according to whether the Cls
included the null value. For dichotomous outcomes, the
Mantel-Haenszel statistical method and random effects
model were used to calculate ORs. Furthermore, the
number needed to treat (NNT) was calculated using
equations described in the supplementary appendix.®
Study heterogeneity was quantified using the I statistic’
with ? >50% indicating significant heterogeneity. The
possibility of publication bias was assessed using fun-
nel plots.!” Finally, for the primary outcome, we con-
ducted subgroup and sensitivity analyses according to
a priori defined study characteristics: (1) prevention vs
treatment, (2) inpatients vs outpatients, (3) first-episode


http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbu030/-/DC1
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbu030/-/DC1
http://clinicaltrials.gov/
http://clinicaltrials.gov/
http://ims.cochrane.org/revman
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbu030/-/DC1
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbu030/-/DC1

patients vs others, and (4) studies reporting SD values
vs studies in which SD values were supplemented. Any
additional, exploratory analyses that were performed
were fully reported.

Results

Included Studies

Fifty double-blind randomized placebo-controlled tri-
als (41 published,*>"* 8 unpublished [Eli Lilly and
Company; University of North Carolina, Chapel Hill;
University of Maryland; Mclean Hospital; Nathan Kline
Institute for Psychiatric Research; Orexigen Therapeutics,
Inc.; University of Massachusetts, Worcester; GW
Pharmaceuticals Ltd—unpublished data], and 1 article in

Countering Metabolic Adverse Effects

press, respectively) were included in the review (figure 1).
The article in press was provided by one of our coauthors
(W.W.E.). The total numbers of randomized subjects were
N = 2298, 363, and 15 for published, unpublished, and in
press studies, respectively.

Study characteristics are summarized in table 1, with
reference to participants, interventions, comparisons,
outcomes, and study design. Mean * SD duration of ran-
domized interventions was 12.2 + 4.7 weeks (range: 4-24
weeks), and numbers of randomized subjects amounted
to 54 * 42 (range: 2-207). Studies were conducted
in North America (n = 19) (Eli Lilly and Company;
University of North Carolina, Chapel Hill; University
of Maryland; Mclean Hospital; Nathan Kline Institute
for Psychiatric Research; Orexigen Therapeutics, Inc.;

4 8623 records identified in 366 records identified in
database search clinical trial registries
Identification L L
x 7595 records after duplications removed
Screening
7595 records screened > 7297 records excluded
! '
A
298 records assessed for 250 records excluded for the
eligibility —» | following reasons
Additional duplications: 7
Letters, editorials: 20
Eligibility Reviews / meta-analyses: 68
Study design: 82
Subject population: 3
Primary outcomes of interest: 56
Companion reports: 12
v Insufficient information: 2
v
A
40 full-text articles and 1 published study in
8 unpublished trials <& | hand-search, 1 article in press
Included remalned provided by our coauthor
Included in the review: 50 studies
v Included in the meta-analysis: 40 studies presenting sufficient data

Fig. 1. Literature search results and study eligibility for meta-analysis.

1387



Y. Mizuno et al

(19150

oprxodazerproyo /210J0q
anadde Io ‘Qururexdruur My XL
pue 1ySrom ‘ourzewordioyo (payroadsun eLILId d13souserp) ou ‘XJ, jo
Apoq uo s1091Jg 01/01 Sw ¢ auruelaydweonxoq ‘QuIZepLIoIy ], eruaaydoziyds ypim syuanedur oA - yMQ) 9] 1(S961) 1B 19 [[loPOIN
surwejaydureonxag
LT TN snolaal{ -
LI91 0qao®R[d sonjoydAsdnyue jodop FuIA109Yy -
(payradsun BLId)LID
JySom XdD J11SougeIp) JOPIOSIP dANIJJLOZIYDS 10 41(8861)
Apoq uo s31004 6/L1 Sw (¢ durueIngua - 10 ‘Xdd ‘ZdA eruarydoziyos yim o,/ 6 ‘syuanedinQ - 4l [€ 12 [[epOOD)
surweInguaf-g
TI/LT 0qaoe[d 0,2 JO ure3 1y31om snoradl{ -
JySrom SId + Z1D JIOPIOSIP AIIIQJJLOZIYDS
£poq uo s1959 y1/0T W OCI-OF dundXowoly 10 ‘771D “ZT10 To pruarydozryos ym syuaneding - 1 o(1107) 1819 [1ed
QuI}OXOWOolY
v1/81 0qade[d
1891
90URIA[0] 9500N|
SNOUARI UL
pordures
Apuanbaiy oy
Sursn wisIjoqeiow JOPIOSIP AIIIQJJLOZIYDS
3s0on[3 U0 $)0JH 91/0C 3w g1 ojozexdidiry 71D 10 eruarydoziyos yim syuanedingQ - 8 a(€107) 1B 19 UBY
£6/66 0qaoe[d 3 ¢ 7= ures jyIrom snoradid -
1ySTom (0102
Apoq uo 309139 L6/801 Sw ¢ [—¢ orozeididiry 71D rruarydoziyos yim sjuaneding - 91 |CREREN i N RIS |
S1030B] YSLI O[[0qEIaW IdYI0
0qade[d UM LT TING 10 0€< TING snotaald -
A3ojoyredoyossd
pUE ‘wsIjoqeIdw (rearoyur
osoon|3 ‘spidyy NM-7 YIm
y3om Apoq JOPIOSIP JAT)IJJROZIYDS X1 yoead jo a(6002)
uo $)09JJq  (19A0SSOI) $1/G1 3w g1 ojozerdidiry Z10 10 Bruarydoziyds yim syuanedingQ - IMp) 01 [© 19 UOSIOpUIH
Jrozeadidrry
6/6 0qaoe[d q[ $Z ures JyIom snoradid -
JIopIoSIp
Tejodiq qim o] SI9PIOSIP PAJR[AI pue (5002
[ING uo s10959 6/C1 8w pg 03 dn surpejuRWY 710 eruarydoziyos yim ¢,98 ‘syusnedinQ - 71l [® 10 WweyeIn
6S/S9 0qaoe[d 0,62 ured 1ySrom snoradl{ -
Topiosip T 1ejodiq yim %Gy
1ySrom ‘SIOPIOSIP pPaje[al pue eruarydoziyos 1(s002)
£poq uo s105q TS/09  Sw OE—001 duIpEIURWY 7’10 M 0466 stuanedino pue syuoneduy - 8 [e191pIagad
suIpejuRBWY
awoanQ p19[dwo) (sso AreQ) onoyoksdnuy uonendog Apnig (oym) (1eox) Apms
ArewLld pauye(]  /poziwopuey ‘U sdnoin uonuoAIU] Arewg uoneIn /301 JUBIWOIUOD)

SLOYE PAPNIOU] JO SONSLINORIRYD T AqEL

1388



Countering Metabolic Adverse Effects

ogaoerd
0€/ce /BW(G L UIUIONOIA -
[-11+]
62/2€ UOTIUIAIIUL J[A)SJIT - 24,01 < JO ures jysrom snoradi{ -
UI"VINOH pue
‘urmnsur 9soon(3
‘QOURIFUUINDIILD
IsTem ‘TN YSIom d1S 10 'S1d eruarydoziyos
£poq uo sepg 0€/2€ ;JO USSP T T ‘210210 aposida-1siy yia syuaneding - 4 2(8007) I 32 A\
0qa0B[d 07> 93V -
dnoi3 yoea
JySrom ur s1939[dwoo JIOPIOSIP JAIIIQJJLOZIYDS
Apoq uo $3199)59 91 ‘pPANINNAI Gf 3w )0 UTWLIONIN SIA 10 eruarydoziyos yim syuoneduy - 4l «(8007) 1® 10 uBWLIY
9¢/0¥ 0qade[d
IopIOSIp
1q31om Tejodiq yim o/6 “eruarydoziyos yim w(L007)
£poq uo syoopg 9¢/0F S (SST-0SS UIWIONAN 710 %6 ‘siuenedino pue syuaneduy - Cl [e 10 eIsndeq
81/0¢ 0Qa3e[d
1y31om 19PIOSIP SANORJJROZIYIS «(9007)
Apoq uo 309139 61/0C  Sw 0LI—0SY UTWLIOJIOIN 710 10 eruarydoziyos yim syuareduy - i e 10 eisndeg
UTWLIOJIOIA]
1eve 0qadeld
Adoosornoads
Q0UBUOSAI J1}oU
-Sew reagponu
pue Anjowon
-diosqe Ae1-x
K31dud-renp Apoq
J[oym 3ursn sozIs
oronaed pidry sonjoyoAsdnjue
pue uonisodwod 19130 9,9 JIOPIOSIP AIIQJJLOZIYDS
£poq uo s1959 8I/1C NI 09] uinsul [eseuenu] “Z10 %¥S To pruarydozryos ym syuaneding - 8 (€100) 18191
urnsur [eseuBIIU]
6/S1 0qaoe[d 9/,€2 Jo ures Jysiom snoiaai{ -
1ySrom JIOPIOSIP AIIQJJROZIYDS
£poq uo s105q TT/S1 Sw ()9—(g sunoxon|{ 710 10 eruarydoziyos m syueneding - 91 (€007) 1819 ofsng
AV 0qa3e[d
1431om eruaIydoziyos (2002)
Apoq uo $31094 11/S1 3w (g sunoxong 710 aposida-jsig yim syuaneduy - Q I® 19 Aysaomioq
unexon[
LIL 0qa3e[d
JySom JopIosIp wojruIydozmyos 10 «(#002)
Apoq uo s100q LIL 3w ( ourpnowe 710  emardoziyos aposide-isiy ym syuanedur - 9 I® 12 AsaoInioq
surpjowre,|
0r/01 0qa3eld
awoanQ «parordwo) (sso AreQq) onoydAsdnuy uonendod Apnig (M) (1eax) Apmig
Alewlld pauya(  /paziwopury ‘u sdnoin uonusalU| Arewnd uoneIng /31 JUBIWOIUO))

(ponunuo)) “1dqeL,

1389



Y. Mizuno et al

undoy pue jySrom

eruarydoziyos

Apoq uo spyyg L1/81 3w (0g QuIpneZIN 710 Y syuenedino pue syudnedur - 8 5(€007) [e 10 vORUNY
SUIPNBZIN
1€/9¢€ 0qade[d M 7> 10§ sonoydAsdnue [eordAye ug -
SSOUISMOIP SwnAep
pue Jysom SId eIuaIydozIyds YiM %/ G “PIqLIdS +(8007)
Kpoq uo s109pg 7€/9€ Sw 00z [IUgepO]N 10 ‘Z7T0 ‘Z1D -opun snje3s Juanedinopusreduy - 1l [ 10 JeyRYpPNS
[TUgepON
SI/ST 0Qao®[d
Q0UAIJWINDIID
Jsiem pue
‘INA “1yStom 3w (g—0 surwennqis pue «(8007)
Apoq uo spoyyg €I/ST  SW(OLI—0S8 UILLIONIN Z10 rruarydoziyos yim sjueneduy - 4 Je 10 vysndeg
UOIBUIQUIOD QUIWBIINGIS-UTULIONIN
8S/EL 0qa3e[d LT TING snoladld -
Z'10 pue
71D Surpnpout
JySrom sonoyoAsdnue JIOPIOSIP AIIIQJJLOZIYDS
£poq uo s19pg 8G/SL  BW (00T-000T UIWLIONAN SNOLIBA To pruarydozryos ym syuaneding - 91 =(€107) 1® 10 Soyster
f1ewriouqe o1j0qeIdW pauyep
LTILT 0qadeld [ SUIARY 10 {7 [INE SNOIAdI] -
saInjea)
J1j0qeIWw
pue 1ysom JOPIOSIP dAN)IJJLOZIYDS 10 erudryd
£poq uo syo5g 8¢/8¢ S Qg1 UIUIONAN 710 -0zIyos Yia syusnedino/siuaneduy - 144 1€(€107) T8 19 WyD
X I onoyoAsd
LEITY 0Qqaoe[d -Nue YIm eaygrroudwe Juroudrradxy -
JySrom Apoq
pue BaylIoudWe d71S 10 ‘ST eruarydoziyos
U0 S199Jd 6¢/CY Sw Q[ UTWIONRN Z10 21D aposida-1s1y qim siudnedino et - 1 o(TT0T) T8 19 M
¥€/9€ 0qaoe[d 0/,/.< JO ures jysrom snoradid -
JySrom d71S 10 ‘ST eruaIydoziyos
£poq uo s10pq TE19€ Sw (0O UIWLIONdN ‘Z10 ‘210 aposida-isiy yia syuaneding - 1 (T107) T8 12 Suepy
0¢€/0¢ 0Qao®[d
JySrom I9pI0SIp wIojruaIydozIyos 10
Apoq uo spoyyg vT/1€  SWQO0I—00S UILLIONIA Z1D eruarydoziyos yym 9,96 ‘spudneding - vI s(6000) €10 ozZLLIeD)
61/0¢C 0Qao®[d
UI-VINOH pue
y3om Apoq ur
ures o/ < ‘urnsur
©9s0on[3 ‘onel
diy-03-3srEM 90U
-IQJUWINOIIO JSTEM
TING ySrom eruaIydoziyos
£poq uo s10pq 81/0¢ Sw ()G, uruIonoN 7’10 aposida-1s1y yim syudneduy - 4! (8007) 1819 np\
6¢/Ct
awonQ Pparerdwo) (sso AreQ) onoyoksdnuy uonemndod Apnig (orm) (1eax) Apms
Arewid paugo  /pRziwiopuey ‘U sdnoin uonudAIUY Arewnd uoneinq /3nIJ JURIWOIUO)D)

(panunuo)) *1 dqeL,



Countering Metabolic Adverse Effects

AI-VINOH I9PIOSIP 9ATIOOJJBOZIYDS #+(6002)
uo 19059 8/8 3w 7 ouozeIIsoy 71D 10 eruadrydoziyds yim syuanedinQ - 8 [€ 19 UOSIOPUIH
ST/ST 0Qao®[d
S[oA9] pidi wnros
pue 91VqH
“AI-VINOH
Q0URIJUINIIID
IsTeM “1ySTom +(6007)
Apoq uo s Y1/ST 3w g— QuoZBN[SISOY 710 eruaaydoziyoss y3m syuanedury - 71 e 10 eIsndeg
QuOZeIISOY
01/%1 0qade[d sjuaned aposido-isiy Ajpueurwopald -
JySrom Sw gy aunsiyeIog JIopJosIp wojruarydoziyos +(€1020)
Apoq uo $3109)59 7T6¢ pue Sw § dUNIX0qIY 710 10 erudrydoziyos yim syuoneduy - 9 [€ 19 AysaoinAog
UOTIBUIQqUIOD SUI}SIYBIIG-UIIX0qdY
61/8¢ 0Qao®[d
1q31om eruaIydoziyos +(L007)
Apoq uo s394 TTU1E Sw § ounoxoqay Z10 aposida-sig yim syuaneduy - 9 I® 12 AsaomAog
0T/e1 0QaoE[d
1q31om eruarydoziyos 1w(€007)
Apoq uo s1005q 01/€T Sw § ounexoqay 710 aposida-1sig ym syuaneduy - 9 I® 12 AsaoIniogq
aunexoqay
9/8 0qaoe[d 2,01< Jo ureS jysSom snoradid -
JySom Swgy erua1ydozryos JuelsIsar 10 o(2007)
Apoq uo 3109139 9/8 surwejouedordjAuayg 71D JUBIS[OIUI JUdWILAI] M sjuaneding - 4! [ 39 Byd1r010g
urwrejouedoidjAuayyq
6¢/9¢ 0Qao®[d
(pagmadsun
JySrom BLIJILID O1)SOUTLIP) , SUONIPUOD [BIUIW
£poq uo syoog 8¢/SE 3w ()9¢ 1LISIIO ZT1010 771D snows,, i syudnedinossyuaneduy - 91 6(8007) I® 12 agjof
18I0
0qaoe[d 94,62 Jo ures Jys1om snoiaai{ -
parordwos
sy00[qns Gy Jopiosip uuiojruaryd
1ySrom ‘dnois yoes 03 -0ZIY9S 10 “IOPIOSIP dAIIQJJLOZIYDS +(90020)
£poq uo 309139 paziwopuel /g Swr )09 QUIPIIBZIN 710 ‘eruarydoziyos yum syusneding - 7l [& 10 oBdunssy
. ures jysrom o[qerd
404! 0qaoR[J -p1suoo,, Y3m syuoned eruarydoziyog -
undof pue 1ysrom paquIdsapun
Apoq uo spoyyg cpl Sw (0g QuIpneZIN dLO snye)s Juenedinoyuonedur - 8 (¥007) [e 10 BORUNY
LE/I09
€€/8S 0QaoE[d
J19pJosIp wojruarydoziyos
JySrom 10 JOPIOSIP 2A109JJe0ZIyds ‘eruaiyd oc(€002)
Apoq uo s309139 GE/LS 8w 009/Sw (€ UIPHLZIN 710 -0zIyos Y syuanedino/siuoneduy - 9] [ 10 Tu0ZZBARD)
L1/LT 0Qqaoe[d 3 G'Z< Jo ured jJy3rom snoradid -
awonQ «parordwo) (aso Areq) onoydAsdnuy uonendod Apnig (orm) (1eox) Apmis
Arewlld pauge(  /paziwopury ‘u sdnoin uonusalU] Arewrid uonen /301 JUBIWOIU0))

(ponunuo)) “13qeL,

1391



Y. Mizuno et al

(evep poysy

JaprosIp T rejodiq -qndun ‘Auedwo))
(e1ep Ou) JyIom 0€] JuoWoIud (payrodarun pUB TOPIOSIP JATIOJJROZIYDS TOPIOSIP pue A1 1q)
Apoq uo s10054q parewnsq 3sop) sururennqrs Z10 wnrojruarydoziyos ‘eruarydoziyog - pagoadsuny L8TH#7000LON
surwennqrg
0¢/0¢ 0qa3eld eruarydozIyog -
Z'10 pue
71D Suipnpout
1ySom Apoq sonoyoAsdnue d3reyosIp (€100)
pue [INg UO s10959 61/1¢ 3w ()0 [0S opIwesIuoz SNOLIBA 0 aso[o syuanedur pue ‘sjuaneding - 01 [® 10 yopeziueyn
opIuIesIuoz
£€/9¢ 0Qao®[d
sonjeuLIouqe
srjoqelow
[TedIuIay201q
pue jysrom eruarydoziyos aposida
£poq uo s195q 12753 3w 0010 orewrendoy, 7710 181 s syuenedino pue syuaneduy - cl (0107) [® 19 BIIRN
sonjoyoAsdnue [eI1oAds
0qaoe[d yam X, 931dsop awoo)no [esrur)o 100d -
Ieapoun
are synodoip
71D 011uean(pe Jo s1quinu
ue se A1[IqeId[0) ‘dnois yoes 0)
pue Aovoyyg PoZIopueI 9| 3w )0¢—0¢ ewendor, 71D eruarydoziyos yum syuaneding - Q «(6007) T8 10 IRYS]Y
0Qao®[d ST TN snoladld -
judge 3ury dnoi3 yoea
-[01u0d-1yIrom ur s19)o[dwod
© se A)1[1qeI0]0) 0T PU® ‘9T ‘LT Sw ZT1D 10 d10
pue Koeoyg ‘PaINIoalI 99 001/8w (0g 2ewendoy, ‘2710 ‘ST eruargdoziyos yim syuaneduy - 1 (S007) 1212 03
deweaidor,
LT<
/8 0qaoe[d TINE 10 9/ < Jo ureS 1ysrom snoradid -
71D Sulpnjout
JySom sonoyoAsdnue oc(ssaxd
Apoq uo 309139 /L Sw (] surwennqrg SNOLIBA rruarydoziyos yum syuanedingQ - ¥ ur) UuBWLIdPALY
$1030B] YSLI PAUyap 19Yj0
8/01 0qa3eld UM LT TINE 10 0€< TINY SnoTadld -
1q31om I9PIOSIP SANIRYJROZIYIS o+(L00T)
Apoq uo s10054q 01/11 3w ¢ [—¢ suruennqrg Z1D 10 eruarydoziyos yim sjyuanedingQ - 71 [& 19 UOSIOpUIH
S1030®B] YSLI Pauyap I19Y}0
S1/81 0qa3eld UM LT TING 10 0€< TING SnotAal{ -
1qSTom 19PIOSIP SATIOJJLOZIYOS «+(S002)
£poq uo 309139 91/61 Sw ¢ [—¢ surwennqrg 710 10 eruarydoziyos yim sjuaneding - 4 [€ 10 UOSIOPUIH
surwennqrg
wsijoqelaw 9s0on|3 pasreduwr 10
01/01 0qade[d Q0UB]SISAI UI[NSUI SUIMOYS A[SNOIAdI] -
dwonQ Pparedwo) (sso AreQ) anoyoksdnuy uonemndod Apnig (orm) (1eax) Apms
Arewid paugo  /pRziwiopuey ‘U sdnoin uonudAIdU] Arewid uoneinq /3NIJ JURIIWOIUO)D)

(panunuo)) *1 dqeL,

1392



Countering Metabolic Adverse Effects

pajeuIuLIo)
Apmis 0qaoe[d
(eyep paysiqndun
Jopiosip uojruadryd ©ouf ‘sonnaderdy [,
(e3ep OU) JySIOM -0ZIY9S 10 ‘IOPIOSIP JANIQJJLOZIYDS uagxaIQ)
£poq uo 10919 9¢ “yusworuyg 3w (09¢ YS dprwesiuoz 710 ‘eruarydoziyos yim syueneding - 91 SEYPELO0LON
S opruiesIuoy
uMouun snje)s
JUAWIMNIOSY 0QqadR[d 0/, 7< Jo ured 1y3rom snoradi{ -
(erep paysigndun
YoIeasay
OINRIYIAS
(e1ep ou) wsnne 1aprosip rejodiq J10J 9)mnsu
IINF pue 1ySrom 0F Juowy[oIud dILOI0STY  ‘stopiosip onoyoAsd pajefar pue eruaryd uIry ueyleN)
£poq uo 10959 pareuinsy 3w ,7—g dunsiyelog ‘ZT0°ZTD  -OZIYds Yim SYNPE FUNOA/SIUSI[OPY - 4! C0C60L00.LON
ounsiyeleg
umouyun snjejs QWIOIPUAS d1joqeIdwW A} Jo swoldwAs
JUSWIINIONY 0qade[d yuM /72 TING 10 0€2 [ING snoiadi{ -
(eyep ou) (erep paysigndun
NG pue 1ysrom 7S “yudwyjoIud I9PIOSIP ‘Tendsol ueaRN)
Apoq uo 309139 pojewnsy 3w ()G QuoxaneN 710 9A199JJe0ZIYds 10 BrudIydoziyos - 4! $€0L9S00LON
QuOXaN BN
pajeuruLIo) RIIPLIdIAS I Iad Ay erwaprdiprodAy
Apmg 0QaoE[d UM LT TING 10 0€< TING SnoTadld -
(erep
ou) Ajanes pooy
pUE YSLI 9SBISIP (pequiosapun
IB[NOSBAOIPIBD S[Te1ap) SII (eyep paystqndun
‘s1ojowered o1j0q -joyoAsdnue JOPIOSIP A1} ‘puBlAIBIA JO
-BJowW ‘Jy3rom uornerouasd -JeozIyds 10 erudIydoziyos yim sjuan KJ1s10AIU))
Apoq uo 30919 [e101 ur 91 Sw (7 JueqeUOWTY -puodag  -edino pue syuenedur 9[qels A[pearur|)) - 9] ST1LYS00LON
juRqRUOWTY
parordwos Apnig 0Qqade[d
(eyep ou) soqyoxd (eyep paysigndun
J1j0qeIAW I3YJ0 S21N383J o1 oYdAsd Yiim SI9pIOSIp TITH 12deyDd
pue ‘uonezinn jejy poouw pue ‘IOPIOSIP JATIIJJROZIYIS “BIU ‘eurjore)) YyoN
ey Apoq Jo sa3e -o1ydozIyos “1ap1osIp waojruaIydoziyos JO KJIs10ATU())
-judorad uo s109pg 0F “udwyjoIuyg 3w ()¢ QuIpRjUBWY Z10 TopI0SIp dnoydAsd apostda-isirdg - 91 TSEL]TO0LON
QuIpBIuBWY
pajerdwos Apnig 0Qqade[d
awoanQ «parordwo) (aso Areq) onoydAsdnuy uonendod Apnig (M) (1eax) Apmig
Alewlld pauya(  /paziwopury ‘u sdnoin uonusalU| Arewnd uoneIng /31 JUBIWOIUO))

(ponunuo)) “13qeL,

1393



Y. Mizuno et al

. - University of Massachusetts, Wprcester—unpub-
2 Lj 2382 = 2 a0 lished data),!>!1315161821.22.324044:46  Middle-East  Asia
g . E ﬁ "_‘?:D:g 8 % ([—4:/ (n — 10)’4.5,19,20,25,35,37,4],42,48 East Asia (l’l — 6)’26,27,29—31,47
EE| SEmg g . Zs South America (n = 6),23242833.34 Eyrope (n = 4) (GW
'§ 2 2 2 ,§ z 2 gn 28 Pharmaceuticals Ltd, unpublished data),'”**° and South
SO Se&Ez Sz £ X Asia (n = 2),*** while one study was a multicontinental
Q H H é% investigation.'* Recruitment locations were unreported
- o S 5 in 2 studies.''*¢ Regarding sources of funding, 18 stud-
?3 DN 5 o ¥ O ies (36%) received direct financial or material support
g S g g g 2 2 % frorp phgrmaceutieal compal.lies (Eli Lilly agd Compgny;
g% E S E ‘é =S University of North Carolina, Chapel Hill; Orexigen
SE| ¢ -§ S -§'§ % B Therapeutics, Inc.; GW Pharmaceuticals Ltd—unpub-
<3 5 Z 5 Z 8 _._NAE lished data),!l:1416.18.242833.3436389414650 8 studies (16%)
E=ps had unclear roles of funding,!”1%2>3337474 and 5 studies
2 E § (10%) received investigator-initiated grants from phar-
2 = S i maceutical companies.'>'32:24 The remaining studies
2 S & Séi did not have direct support from industry (University
5 g‘r % —qé: N of Maryland; Mclean Hospital; Nathan Kline Institute
5 g = & E L: for Psychiatric Res;arch; University of Massachusetts,

g Q g ° § ° ..8 § E Worcester_unpubhshed dat.a).4,5:|5,20,23,26,27:29—32,40,4244,?6
g *; e 1‘3 g = @ § s = The effects of 20 and 8 unique interventions were inves-
20| 2 = 5% = e %3 g tigated in published and unpublished trials, respectively.
= 3 2 Medications used were the following: amantadine (total
5 _%) g number of studies n = 2, total number of randomized sub-
5 N 2 g @ jects n = 146),'"12 aripiprazole (n = 3, n = 260),'*'> atom-
a,é < :“5 E oxetine (n = 1, n = 37),'¢ D-fenfluramine (n = 1, n = 33),”
g § [\Ol N I £ dextroamphetamine (n = 1, n = 20),"® fa}motidine (n = '1,
£ 5 ) 3 E A § n = 14),"” fluoxetine (n = 2, n = 60),?! intranasal insulin
T8 5 (n =1, n = 45),2 metformin (n = 10, n = 757),2 metf01j-
. § ol oz min-sibutramine cor.nbi.ne.ttion (n=1,n=230)3 moda.ﬁml
. 35 g = Eg ; (n =1, n = 72),** nizatidine (n = 4, n = 292),%® orlistat
° £ = 3 SEZ (n = 1, n = 71),” phenylpropanolamine (n = 1, n = 16),%
E =~§ Z S £ 8 £ reboxetine (n = 2, n = 85),*? reboxetine-betahistine com-
< £ = £ 2 :E bination (n =1, n = 43),* rosiglitazone (n. =2, n=48),834
IS o S.2 ig : = sibutramine (n = 3, n = 73),%4% topiramate (n = 3,
SE 22 Sz n=170),* and zonisamide (n = 1, n = 41). Unpublished
| = ._% 2 § 2 ><§ %} E studies used sibutramine (Eli Lilly and Company, unpub-
-% 5 0 Zag 53 § lished data), amantadine (University of North Carolina,
2| £3 £8E gég = Chapel Hill, unpublished data), rimonabant (University
£ b= 52 gé §‘g’ of Maryland, unpublished data), naltrexone (Mclean
2z g‘g % 5E S 2w g Hospital, unpublished data), betahistine (Nathan Kline
Z| °9% 2 g % T2 g Institute for Psychiatric Research, unpublished data),
Neg8 zonisamide (Orexigen Therapeutics, Inc., unpublished
(j: 2 ii é data), telmisartan (University of Massachusetts, Worcester,
g RS unpublished data), and GWP42003:GWP42004 (40:1;

i - g‘)é A % GW Pharmaceuticals Ltd, unpublished data).

AE| o o 5 Qﬁ £ Thirty-seven studies (74%) used concomitant drugs as
g BT ES a treatment for preexisting metabolic adversities, while
" ‘8’ =, 2 g%@ 13 studies (26%) initiated adjunctive medications simul-
2 | = o 4 B S05%5 = 8_%% taneously with antipsychotics in an effort to prevent
g | E e 23 5 = g S5 % 23 ;)"C% such derangements. Forty-nine studies described the pri-
g' % - E z % 5’—2 5 9 Z{ g & 8;% i~ mary antipsychotic .used; most studies included subjects
O |=25|582 g8g SXE i? S o g; using either clozapine or olanzapine (n = 45, 91.8%),
-~ | EC|5E5 £ § e 2 2= REE2 while 4 studies (8.2%) investigated subjects who used
= | 2 '§ E % - - ;QZ) = S.Eg £ neither of these drugs. Forty studies reported data on
E 138G I8 O =8 5% changes in body weight, while 21 and 16 studies reported
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additional outcomes related to glucose metabolism and
lipids, respectively. Two published studies**#® did not
report sufficient data and thus were excluded from the
meta-analysis. Moreover, none of the unpublished tri-
als reported sufficient data to include in the meta-anal-
ysis: 7 studies (Eli Lilly and Company; University of
North Carolina, Chapel Hill; University of Maryland;
Mclean Hospital; Nathan Kline Institute for Psychiatric
Research; Orexigen Therapeutics, Inc.; University of
Massachusetts, Worcester—unpublished data) reported
no data, and 1 study (GW Pharmaceuticals Ltd, unpub-
lished data) reported data from only 2 subjects.

Risk of Bias

Risks of bias of the included studies are summarized in
supplementary table 1. Although all studies were ran-
domized trials, the methodology of random sequence
generation and allocation concealment were often unre-
ported, leading to “unclear risk” for selection bias in 40
studies (80%). Similarly, blinding of outcome assessors
was often unspecified, resulting in “unclear risk” for
detection bias in 34 studies (68%). In general, dropout
cases were adequately explained, and data from ITT
analyses were reported; only 7 studies (14%) had “high
risk” for attrition bias for reasons including unbalanced
dropouts between groups and reporting of completers
analysis only. Six studies (12%) did not report full data on
secondary outcomes and were judged to have “high risk”
of selective reporting. For other bias, 3 reports (6%) did
not specify the diagnostic criteria used and were judged
to have “high risk” regarding study diagnoses. Taken
together, only 6 studies (12%) showed a “low risk” for
bias in all assessment criteria.

Meta-analyses

Effects on Body Weight. Forty published studies repre-
senting 19 unique interventions reported data on changes
in body weight (table 2). One study each, investigating
nizatidine®® and topiramate,*” compared 2 different doses
of active drugs with placebo; thus, placebo groups were
included twice for these studies, in order to investigate
a potential dose-effect relationship. Furthermore, Wu
et al*® compared the effects of concomitant metformin
to placebo in combination with or without lifestyle inter-
ventions, resulting in analyses of 2 sets of groups. Hence,
the meta-analysis for effects on body weight consisted of
43 (ie, 40 + 3) comparisons between active drugs and pla-
cebo, and 76 (ie, 56 + 20)***” more subjects in the placebo
groups than actually recruited.

The results of the meta-analyses are displayed in table 2.
Eight interventions (ie, aripiprazole, D-fenfluramine,
metformin, reboxetine, reboxetine-betahistine combina-
tion, sibutramine, topiramate, and zonisamide) showed
significant effects compared to placebo; of note, there was

Countering Metabolic Adverse Effects

only one study each for D-fenfluramine,!” the reboxetine-
betahistine combination,* and zonisamide.” Metformin
was the most extensively studied drug, both regarding the
number of studies and randomized subjects (n = 10, n =
757). This was followed by nizatidine (n = 4, n = 292) and
aripiprazole (n = 3, n = 260).

Meta-analysis of 10 studies investigating the effects
of metformin yielded a significant mean difference of
=3.17 kg (95% CI. —4.44 to —1.90 kg) compared to
placebo (figure 2a). However, the results were heteroge-
neous (I = 88%), with a mixture of 3 negative®> and
7 positive studies.?**> Most studies focused on adult
patients who were, at least in part, treated with either
clozapine or olanzapine; the exception was a negative
trial in which the participants were adolescents receiv-
ing risperidone.?

Four trials investigating the effects of nizatidine on
body weight showed mixed results;*>** the mean differ-
ence was not different from placebo (figure 2b). Again, the
results were shown to be highly heterogeneous (2 = 97%).

Three studies reported on effects of add-on aripiprazole
as a weight-controlling agent; the mean difference amounted
to —2.13 kg (95% CI: —2.87 to —1.39 kg) compared to pla-
cebo (figure 2c). In a multicontinental investigation of 207
patients with schizophrenia who were receiving stable doses
of clozapine, a significant weight loss was observed in those
randomized to adjunctive aripiprazole." The remaining 2
studies were relatively small (n < 30), with one study each
showing positive'? and negative results.'®

Among the remaining 16 interventions, sibutramine
(n = 73) had 3 publications, while the following had 2
publications each: topiramate (n = 170), amantadine (n
= 146), reboxetine (n = 85), fluoxetine (n = 60), and rosi-
glitazone (n = 48). Of these, pooled effects of topiramate,
reboxetine, and sibutramine were superior to placebo.

Trials using the following medications were reported
in one publication each: orlistat (z = 63), zonisamide
(n =41), intranasal insulin (z = 39), atomoxetine (n = 37),
dextroamphetamine (n = 20), D-fenfluramine (n = 16),
phenylpropanolamine (z = 16), and famotidine (n = 14).
Of these, studies using zonisamide and D-fenfluramine
showed positive results. Ghanizadeh et al® reported mod-
est but significant effects of zonisamide to decrease body
weight in patients treated with various antipsychotics.
Another trial performed by Li et al*®> was the only study
employing a nonoral form (intranasal insulin) of medica-
tion; however, no benefits were observed regarding body
weight. Goodall et al'” were the only group to examine
the effects of weight-modifying agents in subjects receiv-
ing depot antipsychotics; D-fenfluramine showed signifi-
cant weight reduction compared to placebo.

Two studiesinvestigated the synergetic effects of “polyp-
ill” to counteract weight gain. Baptista et al** investigated
the efficacy of a metformin-sibutramine combination on
weight gain; weight reduction in the combination group
was numerically higher but nonsignificant. Poyurovsky
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a
Metformin Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Baptista 2006 55 33 19 63 23 18 8.8% -0.80(-2.63,1.03] —T
Baptista 2007 -14 32 36 -0.18 2.8 36 9.5% -1.22(-2.61,0.17) —
Arman 2008 0.81 033 16 22 254 16 9.7% -1.39(-2.65,-0.13) —
Wu 2008a (livestyle+) -47 32 32 -14 18 32 9.7% -3.30(-4.57,-2.03) -
Wu 2008a (lifestyle-) -32 19 32 31 19 32 10.1% -6.30(-7.23,-5.37 -
Wu 2008b 19 272 18 6.87 423 19 8.0% -4.97(-7.25,-2.69] —
Carrizo 2009 -1.87 29 24 0.6 29 30 9.2% -2.03(-3.59,-0.47) —
Wang 2012 -33 39 32 25 4 34 B8.6% -5.80(-7.71,-3.89) —
Wu 2012 =237 6.1 42 215 6.1 42 7.4% -4.52(-7.13,-1.91) ——
Chen 2013 -3.2 3.1 28 -02 21 27 9.5% -3.00(-4.39,-1.61) —_
Jarskog 2013 -3 43 75 -1 42 71 9.5% -2.00(-3.38, -0.62) —_
Total (95% CI) 354 357 100.0% -3.17 [-4.44, -1.90] <>
Heterogeneity: Tau® = 3.92; Chi* = 80.22, df = 10 (P < 0.00001); F = 88% -iO -:S 5 5‘ 1:0

Test for overall effect: Z = 4.89 (P < 0.00001)

Favours Metformin Favours Placebo

b
Nizatidine Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Atmaca 2003 -45 22 17 23 09 17 20.2% -6.80(-7.93,-5.67] -
Cavazzoni 2003 (vs 600mg)  3.29 533 57 4.18 433 56 19.0% -0.89(-2.68,0.90] —
Cavazzoni 2003 (vs 300mg)  3.56 4.95 56 4.18 433 56 19.2% -0.62(-2.34,1.10] ——
Atmaca 2004 -1 06 14 12 12 14 20.7% -2.20(-2.90, -1.50] -
Assuncao 2006 11 06 27 07 12 27 209% 0.40(-0.11,0.91] -
Total (95% CI) 171 170 100.0% -2.03 [-4.53,047] =
Heterogeneity: Tau’ = 7.72; Chi* = 141.08, df = 4 (P < 0.00001); F = 97% —iO —:S g §' 1:0

Test for overall effect: Z = 1.59 (P = 0.11)

Favours Nizatidine Favours Placebo

Cc
Aripiprazole Placebo Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Henderson 2009a -13 21 15 1 1.5 15 32.0% -2.30(-3.61,-0.99] ——
Fleischhacker 2010 -2.53 3.9 107 -0.38 3.9 99 48.0% -2.15[-3.22,-1.08] +
Fan 2013 -15 23 16 0323 14 20.0% -1.80[-3.45,-0.15) —
Total (95% Cl) 138 128 100.0% -2.13 [-2.87,-1.39] @)
Heterogeneity: Tau® = 0.00; Chi* = 0.22, df = 2 (P = 0.90); I' = 0% KT % 5 t b

Test for overall effect: Z = 5.65 (P < 0.00001)

Favours Aripiprazole Favours Placebo

Fig. 2. Effects of metformin, nizatidine, and aripiprazole on body weight, mean difference (kg). (a) Metformin vs placebo. (b) Nizatidine
vs placebo. (¢) Aripiprazole vs placebo. IV, inverse variance. For each comparison, the small square represents the mean difference, and
the horizontal line is the 95% CI. The diamonds represent the overall weighted mean differences. The width of the diamonds represents

their 95% CI.

et al* reported significant preventive effects of a rebox-
etine-betahistine combination on olanzapine-induced
weight gain in comparison to placebo.

Subgroup and Sensitivity Analysis

In regard to body weight, the mean differences of trials
performed in all a priori defined subgroups were different
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from placebo (supplementary figures 1-3). The mean dif-
ference of studies recruiting first-episode patients was
especially large, amounting to —3.52 kg (95% CI: —4.93
to —2.11 kg) compared to placebo. To address whether
first-episode patients would derive larger benefits in pre-
vention trials, an exploratory subgroup analysis separat-
ing prevention studies into those recruiting first-episode
patients vs others was performed; studies recruiting
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first-episode patients yielded a numerically larger mean
difference of —2.41 kg (95% CI: —3.82 to —1.01 kg) (sup-
plementary figure 4).

Subgroup analyses were also performed on the 10 met-
formin trials and 4 nizatidine trials to investigate reasons
for heterogeneity (supplementary figures 5-6). An a priori
defined subgroup analysis dividing metformin trials into
those recruiting first-episode patients vs others decreased
the heterogeneity in both subgroups to I? = 73% and
5%, respectively. In an additional, exploratory sensitiv-
ity analysis, a single comparison combining comprehen-
sive lifestyle interventions with metformin? was removed
from the subgroup of first-episode trials; this decreased
the heterogeneity to > = 0%. Similarly, reasons for het-
erogeneity in the nizatidine trials were investigated; how-
ever, a priori defined subgroup analyses did not decrease
the degree of heterogeneity. In an exploratory sensitiv-
ity analysis, the first published study?*® which had an out-
lier effect size was excluded; however, heterogeneity still
remained high at I = 91%.

Finally, in an a priori defined sensitivity analysis, tri-
als reporting SD values were analyzed separately from
those in which unreported SD values were supplemented;
mean differences remained significant in both groups
(supplementary figure 7). Likewise, we examined the
mean differences of metformin, nizatidine, aripiprazole,
and sibutramine trials that reported SD values; the con-
clusions regarding their pooled effects remained largely
the same, with exception to sibutramine which became
nonsignificant (supplementary figure §).

Publication Bias

Funnel plots of studies investigating the effects of con-
comitant metformin, nizatidine, and aripiprazole with
respect to body weight are shown in supplementary fig-
ure 9. Asymmetry was observed among the metformin
studies with smaller sample sizes, indicating a possibility
of publication bias. Furthermore, all 8 unpublished tri-
als reported insufficient data, suggesting a possibility of
publication bias.

Clinically Relevant Weight Change

A limited number of studies presented data on percent-
ages of clinically relevant weight change; 8 and 9 stud-
ies reported on weight loss and weight gain, respectively
(supplementary tables 2-3). Cutoff points were defined
as >7% change in body weight in most studies. All stud-
ies reporting on clinically relevant weight loss were
treatment studies; aripiprazole (n = 1) and metformin
(n = 4) showed significant effects compared to placebo,
with a NNT of 9 and 3, respectively. In contrast, 7 of
9 studies reporting on clinically relevant weight gain
were prevention studies. Metformin (n = 2), reboxetine

Countering Metabolic Adverse Effects

(n = 2), and the reboxetine-betahistine combination
(n = 1) were effective in preventing 7% or more weight
gain, with a NNT of 10, 7, and 4, respectively.

Effects on Glucose Metabolism

Effects of concomitant medications on fasting glucose,
HbAlc, fasting insulin, and HOMA-IR are displayed in
supplementary tables 4-7. Metformin and topiramate
significantly decreased fasting glucose levels, but the lat-
ter finding was supported by a single study.* Pooling
of a limited number of studies for aripiprazole'>!* and
metformin®*3? resulted in a significant mean differ-
ence in HbAlc levels. In contrast, 9 and 8 metformin
trials reported data on changes in fasting insulin and
HOMA-IR, respectively; relatively consistent and robust
effects were observed compared to placebo.

Effects on Blood Lipids

Changes in total cholesterol, LDL cholesterol, HDL cho-
lesterol, and triglycerides are shown in supplementary
tables 8-11. Pooling of 5 trials**?*?831:32 showed signifi-
cant effects of metformin to improve triglycerides, while
3 aripiprazole trials'*!S resulted in significant mean dif-
ferences for total cholesterol and LDL cholesterol. Two
sibutramine studies** also yielded a significant mean
difference in total cholesterol. Only one study presented
data in the context of clinical significance?®': When apply-
ing the diagnostic criteria for metabolic syndrome, met-
formin was effective in reversing hypertriglyceridemia,
but ineffective in enhancing HDL cholesterol.

Discussion

By pooling the effects of 40 studies representing 19
unique interventions with regard to body weight, we
found concomitant metformin to be supported by the
evidence, with a mean difference of —3.17 kg (95% CI:
—4.44 to —1.90 kg) compared to placebo. Pooled effects
for topiramate, sibutramine, aripiprazole, and reboxetine
were also significant. Interventions were effective in all
a priori defined subgroups, while first-episode patients
may derive the most benefit. Patients receiving metfor-
min were more likely to achieve clinically relevant weight
loss in treatment trials, and less likely to experience clini-
cally relevant weight gain in prevention trails, although
the limited number of reports should be noted. The lim-
ited data with respect to glucose metabolism and lipids
suggest that metformin and rosiglitazone improve insulin
resistance, while aripiprazole, metformin, and sibutra-
mine decrease cholesterol and triglyceride levels.

Obesity is prevalent among patients with schizophre-
nia,’'* which can lead to various medical complica-
tions.*> Moreover, many antipsychotics precipitate
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weight gain,® ¢ thereby increasing risks for metabolic
complications. In this context, when the use of non-
pharmacological interventions alone are insufficient,
and switching antipsychotics to relatively weight-neutral
agents is not feasible (eg, treatment-resistant patients
receiving clozapine), pharmacological strategies to coun-
teract these metabolic adversities need to be consid-
ered. In such instances, the use of adjunctive metformin
appears to be the first choice, as positive effects on body
weight, insulin resistance, and lipids have been consis-
tently reported. A weight loss of —3.17 kg, albeit modest,
may have clinically meaningful long-term benefits such
as reduced risk of hypertension® and diabetes®?; however,
such consequences will need replication in patients with
schizophrenia.

The paucity of data regarding the genetic background,
which affect response to medications that alleviate met-
abolic adversities, leaves an important question. For
example, Fernandez et al® reported that specific genetic
polymorphisms in the leptin promoter and leptin recep-
tor genes were related to a blunted response to metfor-
min in clozapine-treated patients. In a secondary analysis
of the same patient group, they failed to find associa-
tions between peroxisome proliferator-activated receptor
gamma 2 (PPAR-y2) genotypes and the response to met-
formin.* Future pharmacogenetic studies that control
for sex and ethnicity in larger patient populations may
identify subsets of patients who will benefit more from
such pharmacological interventions.

Our findings align with the meta-analysis by Maayan
et al%;, we also found metformin, topiramate, reboxetine,
and sibutramine to be effective in countering weight gain.
Pooled effects on glucose metabolism and lipids were also
similar with their report. In this updated report, we found
effects of metformin to be supported by 4 additional stud-
ies (n = 359),% 32 thereby strengthening confidence regard-
ing its efficacy. Differing from their report, we identified 3
studies'** investigating the effects of add-on aripiprazole,
which resulted in modest but significant effects on weight
gain, although such results should be interpreted in the
context of risks and benefits of antipsychotic polyphar-
macy.® Furthermore, our results align with the meta-anal-
ysis by Fiedorowicz et al.® Similar to their conclusions,
we found metformin and topiramate to be effective in
countering weight gain, despite our meta-analysis having
different numbers of studies included due to an updated
search and different inclusion criteria. Moreover, while
their report included a single study that examined the
effectiveness of add-on aripiprazole to counter antipsy-
chotic-induced weight gain,' the present report identified
2 additional studies (n = 53),'*!° thereby enabling a meta-
analysis. Differing from our report, Fiedorowicz et al
meta-analyzed the effects of reboxetine*'** with atomox-
etine'® under the category of “norepinephrine reuptake
inhibitors,” in which mean differences were not different
from placebo. Finally, their review concluded that the use
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of sibutramine could not be recommended, taken that
the drug has been withdrawn from markets worldwide®
due to evidence of increased risk of cardiovascular out-
comes.”” Although our meta-analysis of 3 studies*#¢-%
found sibutramine to be effective in regard to weight gain,
and no serious adverse events were observed, we too cau-
tion its use in light of their potentially serious side effects.

Our results must be interpreted in light of various
strengths and limitations. Although similar main conclu-
sions were reached in previous reports,>* our main strength
was that we followed the PRISMA statement to ensure
transparent and complete reporting. Also, our search cov-
ered a wide range of metabolic adversities in published
and unpublished studies. Addition, our focus on patients
with schizophrenia will better guide evidence-based clini-
cal decision making in this population. The present report
also has some limitations. Firstly, the sample sizes and
numbers of studies for most types of interventions were
limited, and long-term effects beyond 24 weeks have not
been investigated. Secondly, our report focused on the
effects of concomitant drugs, and although interventions
were generally well tolerated, a possibility of rare or long-
term adverse effects of concomitant medications should
be considered. Thirdly, a possibility of pharmacokinetic
interactions remains and we did not review the specific
mechanisms by which concomitant drugs counteract
antipsychotic-induced metabolic adversities. Fourth,
although blinding of outcome assessors may not be essen-
tial for trials investigating hard outcomes, only 10% of the
studies reviewed had a “low risk” of bias in all assessment
criteria, and sources of bias should be taken into account.
Fifth, although funnel plots were used and unpublished
trials were searched, a possibility of publication bias can-
not be ruled out. Sixth, our search was designed to iden-
tify an extensive list of relevant studies; nevertheless, a
possibility remains that we were not able to identify all
relevant studies. Seventh, more than 90% of the included
studies described either clozapine or olanzapine as pri-
mary antipsychotics; thus, it is unclear if our results are
generalizable to patients receiving other types of antipsy-
chotics. Eighth, our focus on pharmacological interven-
tions to counter metabolic adversities is not intended to
undermine the importance of nonpharmacological inter-
ventions; indeed, combining both may have synergetic
and greater effects.? Ninth, the application of our results
to patients with other psychiatric disorders is cautioned.
Finally, cost-effectiveness of concomitant drugs should
also be taken into account. Moreover, the use of many
agents included in this review entails off-label use.

We suggest that future studies should focus on long-term
outcomes including potential consequences of metabolic
adversities. Pharmacogenetic studies aiming to elucidate
the individual responses to add-on medications are war-
ranted. Finally, safety and tolerability of combination treat-
ments should be given more attention. Notwithstanding
these future tasks, the current literature suggests the use



of metformin to counteract antipsychotic-induced weight
gain and metabolic derangements in schizophrenia.
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Supplementary material is available at http://schizophre-
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