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A B S T R A C T

Background

Antipsychotic-induced weight gain is an extremely common problem in people with schizophrenia and is associated with increased
morbidity and mortality. Adjunctive pharmacological interventions may be necessary to help manage antipsychotic-induced weight gain.
This review splits and updates a previous Cochrane Review that focused on both pharmacological and behavioural approaches to this
problem.

Objectives

To determine the eGectiveness of pharmacological interventions for preventing antipsychotic-induced weight gain in people with
schizophrenia.

Search methods

The Cochrane Schizophrenia Information Specialist searched Cochrane Schizophrenia's Register of Trials on 10 February 2021. There are
no language, date, document type, or publication status limitations for inclusion of records in the register.

Selection criteria

We included all randomised controlled trials (RCTs) that examined any adjunctive pharmacological intervention for preventing weight gain
in people with schizophrenia or schizophrenia-like illnesses who use antipsychotic medications.

Data collection and analysis

At least two review authors independently extracted data and assessed the quality of included studies. For continuous outcomes, we
combined mean diGerences (MD) in endpoint and change data in the analysis. For dichotomous outcomes, we calculated risk ratios (RR).
We assessed risk of bias for included studies and used GRADE to judge certainty of evidence and create summary of findings tables. The
primary outcomes for this review were clinically important change in weight, clinically important change in body mass index (BMI), leaving
the study early, compliance with treatment, and frequency of nausea. The included studies rarely reported these outcomes, so, post hoc,
we added two new outcomes, average endpoint/change in weight and average endpoint/change in BMI.
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Main results

Seventeen RCTs, with a total of 1388 participants, met the inclusion criteria for the review. Five studies investigated metformin, three
topiramate, three H2 antagonists, three monoamine modulators, and one each investigated monoamine modulators plus betahistine,
melatonin and samidorphan. The comparator in all studies was placebo or no treatment (i.e. standard care alone). We synthesised all
studies in a quantitative meta-analysis. Most studies inadequately reported their methods of allocation concealment and blinding of
participants and personnel. The resulting risk of bias and oPen small sample sizes limited the overall certainty of the evidence. Only one
reboxetine study reported the primary outcome, number of participants with clinically important change in weight. Fewer people in the
treatment condition experienced weight gains of more than 5% and more than 7% of their bodyweight than those in the placebo group (>
5% weight gain RR 0.27, 95% confidence interval (CI) 0.11 to 0.65; 1 study, 43 participants; > 7% weight gain RR 0.24, 95% CI 0.07 to 0.83;
1 study, 43 participants; very low-certainty evidence). No studies reported the primary outcomes, 'clinically important change in BMI', or
'compliance with treatment'. However, several studies reported 'average endpoint/change in body weight' or 'average endpoint/change
in BMI'.

Metformin may be eGective in preventing weight gain (MD −4.03 kg, 95% CI −5.78 to −2.28; 4 studies, 131 participants; low-certainty
evidence); and BMI increase (MD −1.63 kg/m2, 95% CI −2.96 to −0.29; 5 studies, 227 participants; low-certainty evidence). Other agents
that may be slightly eGective in preventing weight gain include H2 antagonists such as nizatidine, famotidine and ranitidine (MD −1.32 kg,
95% CI −2.09 to −0.56; 3 studies, 248 participants; low-certainty evidence) and monoamine modulators such as reboxetine and fluoxetine
(weight: MD −1.89 kg, 95% CI −3.31 to −0.47; 3 studies, 103 participants; low-certainty evidence; BMI: MD −0.66 kg/m2, 95% CI −1.05 to −0.26;
3 studies, 103 participants; low-certainty evidence). Topiramate did not appear eGective in preventing weight gain (MD −4.82 kg, 95% CI
−9.99 to 0.35; 3 studies, 168 participants; very low-certainty evidence). For all agents, there was no diGerence between groups in terms
of individuals leaving the study or reports of nausea. However, the results of these outcomes are uncertain given the very low-certainty
evidence.

Authors' conclusions

There is low-certainty evidence to suggest that metformin may be eGective in preventing weight gain. Interpretation of this result and
those for other agents, is limited by the small number of studies, small sample size, and short study duration. In future, we need studies
that are adequately powered and with longer treatment durations to further evaluate the eGicacy and safety of interventions for managing
weight gain.

P L A I N   L A N G U A G E   S U M M A R Y

How e6ective are medications given alongside antipsychotics at preventing weight gain in people with schizophrenia?

Key messages

- Metformin may be eGective in preventing weight gain caused by antipsychotics.

- H2 antagonists and monoamine modulators may be slightly eGective in preventing weight gain caused by antipsychotics.

- Future studies should include more people and evaluate them for longer.

What are antipsychotics?

Antipsychotics are medications used to treat symptoms of psychosis, such as hallucinations, delusions and agitation. They are oPen used
to treat people with schizophrenia. Examples of antipsychotics are haloperidol (Haldol), chlorpromazine (Thorazine), olanzapine (Zyprexa)
and risperidone (Risperdal).

Schizophrenia and weight gain

People with schizophrenia are twice as likely as the general population to be overweight, perhaps due to a poor diet and an inactive
lifestyle. Excess weight can lead to other health conditions, such as heart disease, stroke and diabetes.

Unfortunately, an unwanted eGect of antipsychotics is weight gain. Sometimes, people with schizophrenia are given medications alongside
antipsychotics (‘add-on’ medications) to prevent this additional weight gain. These add-on medications may stop people feeling hungry or
help them feel full. Usually, they are medications developed for other purposes, such as metformin, which is a medicine to treat diabetes,
and fluoxetine, which is an antidepressant.

What did we want to find out?

We wanted to find out whether add-on medications to prevent weight gain caused by antipsychotics were eGective in people with
schizophrenia.

What did we do?
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We searched for studies that examined any medicine given alongside antipsychotics to prevent weight gain in people with schizophrenia.
Study participants could be any age or sex but had to have a diagnosis of schizophrenia or a schizophrenia-like illness. They had to be
chosen at random to receive either the weight-prevention medicine, or a placebo (a dummy medicine) or no add-on medicine (standard
treatment).

We compared and summarised the results of the studies and rated our confidence in the evidence, based on factors such as study methods
and sizes.

What did we find?

We found 17 studies with 1388 people that examined the eGects of add-on medications to prevent weight gain caused by antipsychotics.
The add-on medications were metformin, topiramate, H2 antagonists, monoamine modulators, monoamine modulators plus betahistine,
melatonin, and samidorphan. Studies were short, lasting between 6 and 24 weeks. And they were small, with only 63 people on average
- the smallest included only 14 people, the largest 561 people.

Studies done to date suggest that:

- metformin may be eGective in preventing weight gain and is well-tolerated compared to standard treatment (5 studies, 232 participants);

- H2 antagonists, such as nizatidine, famotidine and ranitidine, or monoamine modulators, such as reboxetine and fluoxetine may be
potentially eGective in preventing weight gain caused by antipsychotics;

- topiramate is probably not eGective in preventing weight gain caused by antipsychotics.

What are the limitations of the evidence?

Our confidence in the evidence is limited because we found only a small number of studies for each add-on medication. Studies included
few people, and lasted only a short time.

How up to date is this evidence?

The evidence is up to date to February 2021.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings 1.   Metformin compared to placebo or no treatment for prevention of weight gain in people with schizophrenia

Metformin compared to placebo or no treatment for prevention of weight gain in people with schizophrenia

Patient or population: people with schizophrenia with antipsychotic-induced weight gain
Setting: inpatients or outpatients
Intervention: metformin
Comparison: placebo or no treatment

Anticipated absolute effects* (95% CI)Outcomes

Risk with placebo Risk with metformin

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Study populationWeight: clinically important
change in weight (kg)

Not estimable Not estimable

Not estimable (0 RCTs) - No data avail-
able

Weight: average end-
point/change in weight (kg)

Average endpoint/change in
weight ranged from 5.88 to
6.87

MD 4.03 kg lower
(5.78 lower to 2.28 lower)

- 131
(4 RCTs)

⊕⊕⊝⊝

Lowa,b
 

Study populationWeight: clinically important

change in BMI (kg/m2)

Not estimable Not estimable

Not estimable (0 RCTs) - No data avail-
able

Weight

Average endpoint/change in

BMI (kg/m2)

Average endpoint/change
in BMI ranged from 1.93 to
2.26

MD 1.63 lower
(2.96 lower to 0.29 lower)

- 227
(5 RCTs)

⊕⊕⊝⊝

Lowc,b
 

Study populationLeaving the study early: for
any reason

58 per 1000 59 per 1000
(14 to 239)

RR 1.02
(0.25 to 4.13)

137
(4 RCTs)

⊕⊝⊝⊝

Very lowa,c
 

Study populationCompliance with treatment

Not estimable Not estimable

Not estimable (0 RCTs) - No data avail-
able

Study populationReports of nausea

57 per 1000 136 per 1000

RR 2.38
(0.28 to 19.95)

69
(2 RCTs)

⊕⊕⊝⊝

Lowa
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(16 to 1000)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

BMI: body mass index; CI: confidence interval; MD: mean difference; RCT: randomised controlled trial; RR: risk ratio

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

aThe total number of participants included in the review is less than the number of participants required for a single, adequately powered study. Also, the confidence interval
is extremely wide.
bWe deemed one of the included studies in this outcome to have high risk of bias.
cHeterogeneity of the results was quite high making interpretation uncertain.
 
 

Summary of findings 2.   H2 antagonists compared to placebo for prevention of weight gain in people with schizophrenia

H2 antagonists compared to placebo for prevention of weight gain in people with schizophrenia

Patient or population: people with schizophrenia with antipsychotic-induced weight gain
Setting: inpatients or outpatients
Intervention: H2 antagonists
Comparison: placebo

Anticipated absolute effects* (95% CI)Outcomes

Risk with placebo Risk with H2 antagonists

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Study populationWeight: clinically important
change in weight (kg)

Not estimable Not estimable

Not estimable (0 RCTs) - No data avail-
able

Weight: average end-
point/change in body weight (kg)

Average endpoint/change
in body weight ranged
from 4.18 to 4.88

MD 1.32 lower
(2.09 lower to 0.56 lower)

- 248
(3 RCTs)

⊕⊕⊝⊝

Lowa,b
 

Weight: clinically important

change in BMI (kg/m2)

Study population Not estimable (0 RCTs) - No data avail-
able
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Not estimable Not estimable

Weight: average end-

point/change in BMI (kg/m2)

Average endpoint/change
in BMI was 1.82

MD 0.66 lower
(0.99 lower to 0.33 lower)

- 79
(2 RCTs)

⊕⊝⊝⊝

Very lowa,b
 

Study populationLeaving the study early: for any
reason

343 per 1000 367 per 1000
(247 to 539)

RR 1.07
(0.72 to 1.57)

189
(2 RCTs)

⊕⊕⊝⊝

Lowa,b
 

Study populationCompliance with treatment

Not estimable Not estimable

Not estimable (0 RCTs) - No data avail-
able

Study populationReports of nausea

67 per 1000 75 per 1000
(23 to 245)

RR 1.13
(0.34 to 3.68)

175
(1 RCT)

⊕⊕⊝⊝

Lowa,b
 

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

BMI: body mass index; CI: confidence interval; MD: mean difference; RCT: randomised controlled trial; RR: risk ratio

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

aThe risk of bias is uncertain for most studies included in this comparison.
bThe total number of participants included in the review is less than the number of participants required for a single, adequately powered study.
 
 

Summary of findings 3.   Monoamine modulators compared to placebo for prevention of weight gain in people with schizophrenia

Monoamine modulators compared to placebo for prevention of weight gain in people with schizophrenia

Patient or population: people with schizophrenia with antipsychotic-induced weight gain
Setting: inpatients or outpatients
Intervention: monoamine modulators
Comparison: placebo
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Anticipated absolute effects* (95% CI)Outcomes

Risk with placebo Risk with monoamine
modulators

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Study populationWeight: clinically important
change in weight (kg)

Not estimable Not estimable

Not estimable (0 RCTs) - No data avail-
able

Weight: average end-
point/change in body weight
(kg)

Average endpoint/change
in body weight ranged from
4.91 to 5.5

MD 1.89 lower
(3.31 lower to 0.47 lower)

- 103
(3 RCTs)

⊕⊕⊝⊝

Lowa

 

Study populationWeight: clinically important

change in BMI (kg/m2)

Not estimable Not estimable

Not estimable (0 RCTs) - No data avail-
able

Weight: average end-

point/change in BMI (kg/m2)

Average endpoint/change
in BMI ranged from 0.86 to
1.12

MD 0.66 lower
(1.05 lower to 0.26 lower)

- 103
(3 RCTs)

⊕⊕⊝⊝

Lowa

 

Study populationLeaving the study early: for
any reason

257 per 1000 255 per 1000
(149 to 435)

RR 1.05
(0.56 to 1.94)

115
(3 RCTs)

⊕⊕⊝⊝

Lowa

 

Study populationCompliance with treatment

Not estimable Not estimable

Not estimable (0 RCTs) - No data avail-
able

Study populationReports of nausea

Not estimable Not estimable

Not estimable (0 RCTs) - No data avail-
able

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

BMI: body mass index; CI: confidence interval; MD: mean difference; RCT: randomised controlled trial; RR: risk ratio

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
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Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

aThe total number of participants included in the review is less than the number of participants required for a single, adequately powered study.
 
 

Summary of findings 4.   Topiramate compared to placebo or no treatment for prevention of weight gain in people with schizophrenia

Topiramate compared to placebo or no treatment for prevention of weight gain in people with schizophrenia

Patient or population: people with schizophrenia with antipsychotic-induced weight gain
Setting: inpatients or outpatients
Intervention: topiramate
Comparison: placebo or no treatmentL

Anticipated absolute effects* (95% CI)Outcomes

Risk with placebo Risk with topiramate

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Study populationWeight: clinically important
change in weight (kg)

Not estimable Not estimable

Not estimable (0 RCTs) - No data avail-
able

Weight: average end-
point/change in weight (kg)

Average endpoint/change
in weight was 4.02

MD 4.82 lower
(9.99 lower to 0.35 higher)

- 168
(3 RCTs)

⊕⊝⊝⊝

Very lowa,b
 

Study populationWeight: clinically important

change in BMI (kg/m2)

Not estimable Not estimable

Not estimable (0 RCTs) - No data avail-
able

Weight: average end-

point/change in BMI (kg/m2)

Average endpoint/change
in BMI was 22.5

MD 2.68 lower
(4.10 lower to 1.26 lower)

- 120
(2 RCTs)

⊕⊝⊝⊝

Very lowb,c
 

Study populationLeaving the study early: for any
reason

379 per 1000 413 per 1000
(322 to 534)

RR 1.09
(0.85 to 1.41)

132
(2 RCTs)

⊕⊕⊝⊝

Lowb,c
 

Study populationCompliance with treatment

Not estimable Not estimable

Not estimable (0 RCTs) - No data avail-
able

Reports of nausea Study population RR 1.20
(0.26 to 5.44)

120
(2 RCTs)

⊕⊕⊝⊝

Lowb,c
 

C
o
ch
ra
n
e

L
ib
ra
ry

T
ru
ste

d
 e
v
id
e
n
ce
.

In
fo
rm

e
d
 d
e
cisio

n
s.

B
e
tte

r h
e
a
lth

.

  

C
o
ch
ra
n
e D

a
ta
b
a
se o

f S
ystem

a
tic R

e
vie

w
s



P
h
a
rm

a
co
lo
g
ica

l in
te
rv
e
n
tio

n
s fo

r p
re
v
e
n
tio

n
 o
f w

e
ig
h
t g
a
in
 in
 p
e
o
p
le
 w
ith

 sch
izo

p
h
re
n
ia
 (R

e
v
ie
w
)

C
o
p
yrig

h
t ©

 2023 T
h
e C

o
ch
ra
n
e C

o
lla
b
o
ra
tio

n
. P
u
b
lish

ed
 b
y Jo

h
n
 W
ile
y &

 S
o
n
s, Ltd

.

9

29 per 1000 91 per 1000
(10 to 830)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

BMI: body mass index; CI: confidence interval; MD: mean difference; RCT: randomised controlled trial; RR: risk ratio

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

aThe risk of bias is uncertain or high for most studies included in this comparison.
bThe total number of participants included in the review is less than the number of participant required for a single, adequately powered study.
cThe risk of bias is high for most studies included in this comparison.
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B A C K G R O U N D

Description of the condition

Schizophrenia and weight gain

Schizophrenia is a complex and severe neuropsychiatric disorder
characterised by delusions, hallucinations, disorganised behaviour
and progressive cognitive deficits (Keshavan 2008; Van Os 2009).
It is also a heterogeneous disorder with psychopathology varying
across patients and over the course of the illness (Seaton 2001).
The onset is typically in late adolescence or early adulthood and is
marked by episodes of psychosis and severe functional disability
(Liversedge 2011). The complexity, phenotypic heterogeneity, and
polygenic nature of the genetic risk for schizophrenia make it
a challenge to treat and investigate, and the etiopathogenesis
(the cause and development of a disease or abnormal condition)
of schizophrenia is yet to be fully understood (Keshavan 2011).
The severity of the disability and lack of knowledge into its
aetiology makes it the most disabling among all psychiatric
disorders requiring a disproportionate share of mental health
services (Mueser 2004); it is the costliest among severe mental
disorders in terms of human suGering and expenditure incurred
by society (Van Os 2009). The disability and cost to society are
compounded by the common presence of comorbid obesity in this
population, a problem that has been exacerbated more recently
with the increased use of second-generation antipsychotics, many
of which are associated with the risk of weight gain and metabolic
disturbances such as diabetes and metabolic syndrome (Allison
1999; Casey 2004; De Hert 2011; Homel 2002; Rajkumar 2017).

The World Health Organization (WHO) defines overweight and
obesity as an "abnormal or excessive fat accumulation that may
impair health". A person who has a body mass index (BMI) of
more than 25 is overweight and those with a BMI of more than
30 are obese (WHO 2013). The prevalence of obesity in people
with schizophrenia has been reported to be anywhere from 1.5
times to 4 times higher than the general population (ADA/APA 2004;
Coodin 2001; Gurpegui 2012; Silverstone 1988); the risk may be
even higher for long-term inpatients (Ringen 2018). For people
with schizophrenia, there is a marked increase in standardised
mortality ratios for both natural and unnatural causes of death,
and much of this increment may be attributed to the increased
prevalence of coronary heart disease risk (Cohn 2004; GoG 2005;
Henderson 2005b; Mackin 2005; Saari 2005; Westman 2017), and
related obesity in this population (Annamalai 2017; Coodin 2001;
Daumit 2003; Susce 2005). Obesity doubles the risk of all-cause
mortality, coronary heart disease, stroke and type 2 diabetes,
increases the risk of some cancers, musculoskeletal problems and
loss of function, and carries negative psychological consequences
(DoH 2004). Being an obese or overweight adult is associated with
increases in early mortality and large decreases in life expectancy,
and these decreases are similar to those seen with smoking
(Peeters 2003). The significance and recognition of this prevalence
and its impact on premature mortality and morbidity has led
to the development of consensus statements (ADA/APA 2004; De
Nayer 2005), and guidelines (Cooper 2016), on its management.
Despite this, evidence from a systematic review suggests that
the all-cause standardised mortality ratio between people with
schizophrenia and the general population has risen steadily since
the 1970s (Saha 2007). In stark contrast to the well-recognised risk
of metabolic comorbidity in schizophrenia, studies have repeatedly
shown extremely low rates of intervention for these risk factors (De

Hert 2011; Lappin 2018). Extremely low rates of intervention for
what would be considered 'modifiable' cardiovascular risk factors
are also apparent in young, first-episode populations (Correll 2014).
In turn, a concurrent body of literature suggests that metabolic risk
is accrued early on in illness (De Hert 2006; Ward 2015), later shaving
oG 15 to 20 years of life due to cardiovascular disease (Hoang 2011;
Newcomer 2007).

Beyond eGects on cardiovascular morbidity and mortality, growing
evidence in non-psychiatric populations also suggests that obesity
can be associated with structural brain changes, brain perfusion
changes and cognitive deficits (Jagust 2007; Sellbom 2012),
with observations supporting some similarities to those noted
in schizophrenia (Reichenberg 2007). The clinical implications
of being overweight or obese on cognitive function in addition
to the deficits observed in schizophrenia, remains a relatively
unexplored area of research. Emerging evidence has linked
cognitive impairment in schizophrenia to metabolic dysfunction
(Bora 2017; Friedman 2010; Lindenmayer 2012), which might
suggest that interventions to reduce obesity and cardio-metabolic
risk could have dual health benefits on cardiovascular outcomes
and illness-related functional disability. Quality of life is further
reduced for people with schizophrenia with a high BMI (Bueno-
Antequera 2018; Faulkner 2007a; Kurzthaler 2001; Strassnig 2003),
and those gaining weight (Allison 2003). Furthermore, Weiden and
colleagues reported a significant, positive association between
obesity, subjective distress from weight gain and medication non-
compliance in a sample of people with schizophrenia (Weiden
2004). Many people with schizophrenia face the combined
challenges of living with the illness, obesity and related illnesses.
This combination is a major public health problem (Bueno-
Antequera 2018; Wirshing 2004), and carries considerable cost to
human life. Recognition of this has led to growing concern with
how best to intervene (Birt 2003; Bueno-Antequera 2018; Catapana
2004; Cooper 2016; Green 2000; Le Fevre 2001; Osborn 2001).

Mechanisms of weight gain in schizophrenia

To date, there is no consensus on what pharmacological factors
may be involved in this weight gain, particularly regarding
the newer antipsychotics. As reviewed elsewhere (Ananth 2004;
Jin 2008; Reynolds 2010; Reynolds 2017), a range of potential
weight gain-inducing mechanisms such as dopaminergic blockage,
increased appetite due to the interaction of antipsychotic
medication with dopamine, serotonin, and histamine neuronal
receptors, increased leptin, and increased systemic levels of various
cytokines and soluble cytokine receptors could be implicated.
Whether gender influences antipsychotic-related weight gain
susceptibility remains a topic of debate; while there are clinical
data suggesting that women may be more susceptible to atypical
antipsychotic-associated weight gain (Aichhorn 2007; Gebhardt
2009), others have failed to demonstrate this (Basson 2001; Ratzoni
2002). The weight gain story may be further complicated through
genetic or epigenetic mechanisms, or both, which may modulate
risk. In this regard, among others, dopamine, serotonin, and
leptin gene polymorphisms have emerged as genetic candidates
for antipsychotic-related cardio-metabolic side eGects (Correll
2011). In addition, it is important to note that obesity was
commonly reported before antipsychotics were widely introduced
(Baptista 2002). Compared to the general population, people
with schizophrenia also have a poor diet (Dipasquale 2013;
McCreadie 1998; Strassnig 2003), and a physically inactive lifestyle
(Brown 1999; Cohn 2004; Daumit 2005; Vancampfort 2017), and

Pharmacological interventions for prevention of weight gain in people with schizophrenia (Review)
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these lifestyle factors will contribute to weight gain. However,
pharmacological intervention strategies may still treat or minimise
weight gain associated with poor lifestyle.

Description of the intervention

Pharmacological agents that have been approved for weight loss in
the general population, and other medications that may suppress
appetite, increase satiety, or increase thermogenesis have been
studied to prevent weight gain in people with schizophrenia.
These include metformin, topiramate, H2 antagonists such as
famotidine and nizatidine, and antidepressants such as fluoxetine
and reboxetine. Most clinical trials have been between six and 12
weeks long. Very few have been for 24 weeks or longer. However,
clear evidence regarding the optimal duration of such interventions
is lacking (Cooper 2016).

Metformin is a biguanide and is a first-line anti-diabetic agent.
It is usually prescribed in a dose ranging from 500 mg to 2500
mg and is usually administered in divided doses twice a day.
Topiramate is an anticonvulsant that has recently been approved
by the Food and Drug Administration (FDA) in combination with
phentermine for weight loss. The dose ranges from 100 mg to
200 mg given in divided doses twice a day. Famotidine (20 mg
to 40 mg once a day) and nizatidine (150 mg to 300 mg once
a day) are both commonly used in the treatment of peptic
ulcer disease and gastroesophageal reflux disease as they block
the histamine H2 receptor. Fluoxetine (20 mg once a day) and
reboxetine (4 mg once a day) are antidepressants that have also
been investigated for their weight loss promoting properties.
Reboxetine is a norepinephrine reuptake inhibitor approved as
an antidepressant in parts of Europe. Loss of appetite is a side
eGect of this medication prompting investigation as a weight
loss agent. More recently, samidorphan, an opioid modulator that
preferentially antagonises the μ-opioid receptor, is being used for
the prevention of olanzapine-induced weight gain (Correll 2020a). It
is taken orally with a usual dose of 10 mg/day. Common side eGects
include nausea, sedation and dizziness.

How the intervention might work

Pharmacological interventions may operate on a range of potential
mechanisms such as suppressing appetite, increasing satiety, or
increasing thermogenesis by modifying central nervous system
neurotransmission of norepinephrine, dopamine and serotonin.

Antidiabetic agents are a class of drugs investigated for weight
management. Metformin lowers liver glucose production and
improves whole-body insulin sensitivity. It is associated with
weight loss in non-psychiatrically ill populations, and may prevent
continual weight gain while improving insulin resistance (Hundal
2003). Hence, it is commonly understood as a peripheral insulin
sensitiser. Topiramate is an anticonvulsant, and weight loss is a
common side eGect of the drug. Its weight-management properties
come from its ability to reduce appetite, aGect taste sensation, and
control leptin and cortisol levels via GABA-mediated mechanisms
in the central nervous system (Velazquez 2018).

Another class of drugs used for weight loss includes agents that
work on the monoamine system, and particularly the serotonin
and norepinephrine systems. Fluoxetine is a selective serotonin
reuptake inhibitor (SSRI) commonly used as an antidepressant.
Early studies have shown serotonin blockade to be an eGective

anorectic strategy (Goldstein 1994). Therefore, fluoxetine has been
studied for weight gain attenuation seen with antipsychotic use.
Reboxetine is a norepinephrine reuptake inhibitor approved as an
antidepressant in parts of Europe. Loss of appetite is a side eGect of
this medication prompting investigation as a weight loss agent.

The histaminergic system has also been a candidate for managing
weight loss. Used in treatment of gastroesophageal reflux disease
(GERD), famotidine, nizatidine and ranitidine are H2 receptor
antagonists that work to decrease acid production, and that have
associated weight-reducing properties. With respect to H2 receptor
antagonists, it is unclear whether the weight loss action is a direct
result of gastric histamine receptor antagonism or if other factors
play a role. Histamine is known to mediate leptin action and is
involved in energy and feeding regulation (Lett 2012). H2 receptor
antagonists can therefore plausibly interact with these medicators
to eGect weight loss. Betahistine is a histamine enhancer with H1
agonistic/H3 antagonistic properties that has been associated with
weight-reducing properties.

A combination of olanzapine and samidorphan is now available
in the USA for the treatment of schizophrenia or bipolar disorder
in adults. This agent oGers the therapeutic eGicacy of olanzapine
while also mitigating olanzapine-induced weight gain through
opioid receptor antagonism; it is presently the only FDA-approved
drug for this specific indication. A recent evidence-based review
of the pharmacokinetics, safety, and eGicacy of olanzapine plus
samidorphan indicates that the eGectiveness of the agent is
equivalent to that of olanzapine, along with the advantage of lesser
weight gain.

Melatonin is a molecule with diverse physiological functions, which
through its receptors may improve components of the metabolic
syndrome and reduce obesity. As such, it is being explored for the
attenuation of antipsychotic-induced weight gain.

Preventing weight gain avoids all the negative outcomes associated
with weight gain and may help engender a healthy lifestyle.
Furthermore, sustained changes in health behaviours as a result
of such interventions may reduce risk of mortality and morbidity
independent of any weight loss (Wei 1999). Indeed, prevention
of weight gain has been an area of active enquiry and both
older interventions such as metformin (de Silva 2016), and newer
molecules such as samidorphan may be useful in achieving this
goal (Silverman 2018).

Why it is important to do this review

In the seminal meta-analysis highlighting atypical antipsychotic-
related weight gain, every antipsychotic medication except
ziprasidone and molindone were associated with some degree of
weight increase aPer just 10 weeks of treatment (Allison 1999).
The eGects were greatest with olanzapine and clozapine, which
increased body weight by approximately 4 kg to 4.5 kg, followed
by risperidone (mean weight gain 2 kg). Notably, these data
were assembled from chronic populations characterised by many
years of exposure to medications and illness-related eGects. What
has become clearer is that factors related to illness chronicity
likely result in an underestimation of the impact of antipsychotics
on weight gain, and an overestimation of diGerences between
agents. Collectively, data involving both short-term and long-
term evidence comparing olanzapine or risperidone in chronic
patients to those experiencing a first episode, demonstrate a

Pharmacological interventions for prevention of weight gain in people with schizophrenia (Review)
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three to four times larger magnitude of weight gain in those
early on in the illness (Alvarez-Jimenez 2008). Furthermore, no
antipsychotic medication appears to be devoid of weight gain risk
in people with little prior antipsychotic exposure. For example,
one 12-week cohort study enrolling antipsychotic-naive youth
assigned to aripiprazole, quetiapine or olanzapine, demonstrated
substantial weight gain not only with olanzapine (average 8.5 kg),
but also with risperidone, quetiapine and aripiprazole (average
4.4 kg; Correll 2009). These findings have since been replicated,
including in a recent meta-analysis (Bak 2014). Interestingly, data
in previously medication-unexposed individuals also suggests that
agents classified as being metabolically neutral may exhibit a more
delayed onset of weight gain, with treatments diGering by pattern,
and not always the final amount of weight increase (Findling
2010; Perez-Iglesias 2008; Zipursky 2005). Moreover, results from a
nationwide, register-based analysis suggest that all antipsychotics
contribute to the risk of diabetes, independently of class (Rajkumar
2017). Obesity is also one of the most important risk factors for
the development of dyslipidaemia, diabetes and cardiovascular
diseases, leading to premature death (Alberti 2009). Taken together,
these emerging data highlight the susceptibility, particularly of
first-episode patients, to antipsychotic-related weight gain. This
highlights the case for implementing early eGective strategies to
prevent or decrease metabolic risk accrual, which may occur early
in the treatment of the illness (Ward 2015).

A previous Cochrane Review, published in 2007, covered
both pharmacological and non-pharmacological strategies for
preventing weight gain in people with schizophrenia (Faulkner
2007). We believe there is a suGicient volume of material to split
Faulkner 2007 into separate reviews focusing on pharmacological
and behavioural interventions independently. Furthermore, given
the vast number of pharmacological interventions tried for
prevention and treatment of weight gain, we have chosen to
split the review on pharmacological interventions to focus on
prevention of weight gain and reduction of weight gain in two
separate reviews. The current review focuses on pharmacological
interventions for the prevention of weight gain. While previous
reviews have systematically analysed the role of metformin in
preventing weight gain (de Silva 2016), no systematic review
examining all available pharmacological interventions in a
preventive role has been published. This is important, as what we
consider eGective treatments for adult obesity produce modest
weight loss (approximately 2 kg to 5 kg) compared to no
treatment or usual care. While this degree of weight loss may
have a meaningful impact, it is not suGicient to reverse the
weight increases associated with antipsychotic treatment (e.g.
average 8.5 kg increase in antipsychotic-naive patients starting
olanzapine; Correll 2009). In this regard, prevention strategies
may represent the most useful strategy. We are interested in
identifying and including all randomised controlled trials (RCTs) of
pharmacological agents to prevent antipsychotic-induced weight
gain in all people with schizophrenia or schizophrenia-like
illnesses.

O B J E C T I V E S

To determine the eGectiveness of pharmacological interventions
for preventing antipsychotic-induced weight gain in people with
schizophrenia.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We considered all relevant RCTs that met our inclusion criteria
and reported useable data. We considered both open-label and
double-blind studies, in which randomisation was implied; studies
at high risk of bias for these categories were removed in a sensitivity
analysis (see Sensitivity analysis). We excluded quasi-randomised
studies, such as those that allocated intervention by alternate days
of the week.

Types of participants

People diagnosed with schizophrenia or schizophrenia-like
illnesses (such as schizoaGective disorder, schizophreniform
disorder, and delusional disorder) using any diagnostic criteria
irrespective of age, nationality or sex of participants. We included
studies regardless of the length of the participant's illness, stage of
illness, treatment setting, current clinical state, or symptom cluster.
Diagnostic tools to determine diagnosis included the Diagnostic
and Statistical Manual of Mental Health Disorders, 4th edition
(DSM IV; APA 2000), the International Statistical Classification of
Diseases (ICD-10; WHO 2016), and the Chinese Classificaton of
Mental Disorders (CCMD-3; CSP 2003).

Types of interventions

Pharmacological interventions for preventing weight gain

For people with schizophrenia, 'weight prevention' interventions
are typically 'adjunctive' (add-on) interventions that are co-
initiated with other routinely prescribed medications such as
antipsychotics before any antipsychotic-induced weight gain
is experienced. For instance, co-prescription of metformin at
olanzapine initiation would be an example of an adjunctive agent
prescribed for the purposes of preventing olanzapine-induced
weight gain.

We considered all types of adjunctive pharmacological
interventions for preventing weight gain. These can include those
currently licensed for weight loss, an oG-label therapy, withdrawn
from the market, or an isolated nutritive supplement. During
article screening, a non-prevention study could be identified if
the adjunctive pharmacological intervention was being initiated in
individuals that had already experienced significant antipsychotic-
induced weight gain (i.e. the agent was being prescribed for
the purposes of treating weight gain, not preventing weight
gain). Prevention studies were identified as those in which the
pharmacological agent was prescribed around the same time as
antipsychotic initiation.

Standard care

We defined this as the care that all participants received in the
study, which typically includes regular visits with their psychiatrist
and continuing antipsychotic medications.

Non-standard care: other behavioural interventions

We considered an intervention where an additional
pharmacological intervention was combined with a behavioural
intervention (i.e. diet or exercise, or both). We only considered
interventions that compare such a combined intervention strategy

Pharmacological interventions for prevention of weight gain in people with schizophrenia (Review)
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with a behavioural intervention alone in order to assess the
additive eGect of using a pharmacological adjunct.

In accordance with the above definitions, the planned or expected
comparisons were as follows.

1. Drug 1 plus standard care (e.g. antipsychotics, diet advice)
versus placebo or no pharmacological weight gain prevention
treatment plus standard care

2. Drug 1 plus standard care (e.g. antipsychotics, diet advice)
versus drug 2 (active control) plus standard care

3. Drug 1 plus non-standard care (e.g. behavioral intervention)
versus placebo or no pharmacological weight gain prevention
treatment plus non-standard care

4. Drug 1 plus non-standard care (e.g. behavioral intervention)
versus drug 2 (active control) plus non-standard care

Types of outcome measures

We aimed to report binary outcomes recording clear and clinically
meaningful degrees of change (e.g. global impression of much
improved, or more than 50% improvement on a rating scale* - as
defined within the studies) before any others. ThereaPer, we will list
other binary outcomes and then those that are continuous.

* For types of scales we extracted data from, please see (Data
extraction and management).

Primary outcomes

1. Weight or BMI

1. Clinically important change in weight

2. Average endpoint/change in weight

3. Clinically important change in BMI

4. Average endpoint/change in BMI

2. Leaving the study early

1. For any reason

4. Reports of nausea

The included studies very rarely reported the primary outcomes,
'clinically important change in weight' or 'clinically important
change in BMI'. As such, we added 'average endpoint/change
in weight' and 'average endpoint/change in BMI' as additional
primary outcomes post-hoc. We noted this change in the
DiGerences between protocol and review section.

Secondary outcomes

1. Weight (or another indicator of body mass (e.g. BMI, waist
measurement, waist-to-hip ratio)

1. Any change in body weight

2. Any change in BMI

3. Clinically important change in waist circumference (as defined
by individual studies)

4. Any change in waist circumference

5. Average endpoint/change in waist circumference

6. Clinically important change in waist-to-hip ratio (as defined by
individual studies)

7. Any change in waist-to-hip ratio

8. Average endpoint/change in waist-to-hip ratio

9. Clinically important change in percentage body fat

10.Any change in percentage body fat

Similar to the primary outcomes, the included studies very rarely
reported the secondary outcomes, 'clinically important change in
waist circumference', 'any change in waist circumference', 'clinically
important change in waist-to-hip ratio' or 'any change in waist-to-
hip ratio'. As such, we added 'average endpoint/change in waist
circumference' and 'average endpoint/change in waist-to-hip ratio'
as additional secondary outcomes, post-hoc. We noted this change
in the DiGerences between protocol and review section.

2. Leaving the study early

1. For specific reason(s)

3. Global state

1. Clinically important change in global state (as defined by
individual studies)

2. Any change in global state

3. Average endpoint/change score on global state scale

4. Mental state

1. Clinically important change in general mental state

2. Any change in general mental state

3. Average endpoint/change score on mental state scale

5. Well-being

1. Clinically important change in well-being

2. Any change in well-being

3. Average endpoint/change score on well-being scale

6. Quality of life

1. Clinically important change in quality of life

2. Any change in quality of life

3. Average endpoint/change score on quality-of-life scale

7. Adverse e6ects/events - general or specific

1. General
a. At least one adverse eGect/event

b. Average endpoint/change score on general adverse eGect
scale

2. Specific
a. Clinically important specific adverse eGects (e.g.

cardiovascular, gastrointestinal)

b. Death - suicide and natural causes

8. Physiological measures

1. Cardiovascular measures

2. Laboratory measures

9. Economic costs

1. Direct costs

2. Indirect costs

Pharmacological interventions for prevention of weight gain in people with schizophrenia (Review)
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Search methods for identification of studies

Electronic searches

Cochrane Schizophrenia Group's Register of Trials

On 16 June 2014, 5 August 2015, 4 September 2019, and 10 February
2021, the Information Specialist searched the register using the
following search strategy:

(*Metabolic Adverse Event* in Health Care Condition) AND
(*Pharmacological Interventions* in Intervention) of STUDY

In such a study-based register, searching the major concept
retrieves all the synonyms and relevant studies because all the
studies have already been organised based on their interventions
and linked to the relevant topics (Roberts 2021; Shokraneh 2017;
Shokraneh 2021). This allows rapid and accurate searches that
reduce waste in the next steps of systematic reviewing (Shokraneh
2019).

Following Cochrane methods (Lefebvre 2019), this register is
compiled by systematic searches of major resources (AMED, BIOSIS,
CENTRAL, CINAHL, ClinicalTrials.Gov, Embase, ISRCTN, MEDLINE,
PsycINFO, PubMed, WHO ICTRP) and their monthly updates,
ProQuest Dissertations and Theses A&I and its quarterly update,
hand-searches, grey literature, and conference proceedings
(Shokraneh 2020; see Cochrane Schizophrenia: Register of trials).
There are no language, date, document type, or publication status
limitations for inclusion of records into the register.

Searching other resources

Reference searching

We inspected references of all included studies for further relevant
studies.

Personal contact

We contacted the first author of each potentially eligible study that
we identified in the search for which we could not find published
data. We noted the outcome of this contact in the Characteristics of
excluded studies or Characteristics of included studies.

Data collection and analysis

Selection of studies

Review authors NS, SMA and ZA independently inspected
citations from the searches and identified relevant abstracts;
MH independently re-inspected a random 20% sample of these
abstracts to ensure reliability of selection. Where disputes arose,
we acquired the full report for more detailed scrutiny. NS and
ZA then obtained and inspected full reports of the abstracts or
reports meeting the review criteria. SMA re-inspected a random
20% of these full reports in order to ensure reliability of selection.
When it was not possible to resolve disagreement by discussion,
we attempted to contact the authors of the study concerned for
clarification.

Data extraction and management

Extraction

Review authors NS, MD, ZA, and JL extracted data from all included
studies. In addition, to ensure reliability, SMA independently
extracted data from a random sample of these studies, comprising

10% of the total. We attempted to extract data presented only
in graphs and figures whenever possible, but included them only
if two review authors independently obtained the same result.
If studies were multi-centre, then where possible we extracted
data relevant to each centre. We discussed any disagreement and
documented our decisions. Where necessary, we attempted to
contact study authors through an open-ended request in order to
obtain missing information or for clarification.

Management

Forms

We extracted data onto standard, predesigned, simple forms.

Scale-derived data

We included continuous data from rating scales only if:

1. the psychometric properties of the measuring instrument had
been described in a peer-reviewed journal (Marshall 2000);

2. the measuring instrument had not been written or modified by
one of the study authors for that particular study; and

3. the instrument was a global assessment of an area of
functioning, not subscores, which are not, in themselves,
validated or shown to be reliable. However there were
exceptions, we included subscores from mental state scales that
measure positive and negative symptoms of schizophrenia.

Ideally, the measuring instrument was either:

1. a self-report; or

2. completed by an independent rater or relative (not the
therapist).

We realise that this is not oPen reported clearly. We note whether
this was the case or not in Description of studies.

Scales used

Global measures

1. Clinical Global Impression Scale (CGI) provides an assessment
of an individual’s clinical status in light of the severity of
their illness and level of clinical improvement (Guy 1976). An
individual is scored according to standardised criteria based
on others with the same diagnosis. Assigned scores range on
a 7-point scale with lower scores indicating minimal clinical
improvement or reduced illness severity, or both.

Mental state

1. Brief Psychiatric Rating Scale (BPRS) provides an indication
of an individual's psychological functioning in light of psychosis
(Overall 1962). This 18-item scale (revised version - the original
contained 16 items) includes a 7-point scale for each question
(ranging from 0-6 or 1-7). Scores within this measure may
vary from 0-126 and reflect either the presence or absence of
psychological abnormalities (ratings range from "not present"
to "extremely severe"). In this scale, elevated scores evidence an
increasingly disordered mental state.

2. Positive and Negative Syndrome Scale (PANSS) can be
administered as a whole or as three separate components (1
- severity of general psychopathology, 2 - positive symptoms
(PANSS-P), 3 - negative symptoms (PANSS-N); Kay 1986). This
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scale is a 30-item measure rating on a scale from 1-7 (absent-
severe) with higher scores reflecting greater symptom severity.

3. Scale for the Assessment of Negative Symptoms (SANS)
is used in patients with psychosis to assess the symptom
severity of negative symptoms using a 6-point scale, with lower
scores being indicative of a reduced number of symptoms
(Andreasen 1989). Aspects of psychopathology measured by this
scale include: aGective blunting, alogia, avolition/apathy and
anhedonia/asociality.

4. Scale for the Assessment of Positive Symptoms (SAPS) is used
in patients with psychosis to assess the symptom severity of
positive symptoms using a 6-point scale, with lower scores being
indicative of a reduced number of symptoms (Andreasen 1989).
Aspects of psychopathology measured by this scale include:
hallucinations, delusions, disorganisation, and formal thought
disorder.

5. Hamilton Rating Scale for Depression (HAM-D) is a 17-
item scale that uses a 5-point rating system for each
question but in cases where it is especially diGicult to
categorise the individual, a 3-point scale may be used
(Hamilton 1960). Here, lower scores reflect a less serious
state of depression, whereas higher ones result for more
intense depressive symptomology. The HAM-D assesses various
domains, including depressed mood, suicide, work and loss
of interest, retardation, agitation, gastro-intestinal symptoms,
general somatic symptoms, hypochondria, loss of insight, and
loss of weight. Interrater reliability is of particular value in this
assessment given the diGiculty of its administration; in this case,
an individual will be scored based on the sum of both ratings.

Adverse e6ects

1. Barnes Akathisia Scale (BAS) has three main components:
reckless movements, agitation and distress - all of which are
assessed by the BAS in both objective and subjective domains
(Barnes 1989). This measure also includes a 5-item global
severity rating; otherwise, items are scored on a scale of 0 to 3,
with higher ratings being indicative of severe akathisia.

2. Simpson Angus Scale (SAS) provides an assessment of drug-
induced Parkinsonism; a temporary movement disorder oPen
prompted by the use of pharmacological agents (Simpson 1970).
This scale includes 10 items with a 0 to 4 rating system. A
high score on this measure is indicative of a high degree of
Parkinsonian symptoms.

Endpoint versus change data

There are advantages of both endpoint and change data: change
data can remove a component of between-person variability
from the analysis. However, calculation of change needs two
assessments, baseline and endpoint, which can be diGicult to
obtain in unstable and diGicult-to-measure conditions such as
schizophrenia. We decided to use endpoint data primarily, and only
use change data if the former were not available. We combined
endpoint and change data in the analysis as we prefer to use
mean diGerences (MDs) rather than standardised mean diGerences
(SMDs) throughout (Deeks 2021).

Skewed data

Continuous data on clinical and social outcomes are oPen not
normally distributed. To avoid the pitfall of applying parametric

tests to non-parametric data, we applied the following standards to
relevant continuous data before inclusion.

For endpoint data from studies including fewer than 200
participants:

1. when a scale starts from the finite number zero, we subtracted
the lowest possible value from the mean, and divided this
by the standard deviation (SD). If this value was lower than
one, it strongly suggested that the data were skewed and we
excluded these data. If this ratio was higher than one but less
than two, there was a suggestion that the data were skewed.
We entered these data and tested whether their inclusion or
exclusion would change the results substantially. If such data
changed the results, we entered these as 'other data'. Finally, if
the ratio was larger than two we included these data, because it
is less likely that they were skewed (Altman 1996; Higgins 2021).

2. if a scale starts from a positive value (such as the Positive and
Negative Syndrome Scale (PANSS), which can have values from
30 to 210 (Kay 1986)), we modified the calculation described
above to take the scale starting point into account. In these cases
skewed data were present if 2 SD > (S − S min), where S is the
mean score and 'S min' is the minimum score.

Please note: we entered all relevant data from studies of more
than 200 participants in the analysis irrespective of the above rules,
because skewed data pose less of a problem in large studies. We
also entered all relevant change data, as when continuous data are
presented on a scale that includes a possibility of negative values
(such as change data), it is diGicult to tell whether or not data are
skewed.

Common measurement

To facilitate comparison between studies we aimed to convert
variables that could be reported in diGerent metrics, such as days in
hospital (mean days per year, per week or per month) to a common
metric (e.g. mean days per month).

Conversion of continuous to binary

Where possible, we made eGorts to convert outcome measures to
dichotomous data. This was done by identifying cut-oG points on
rating scales and dividing participants accordingly into 'clinically
improved' or 'not clinically improved'. It is generally assumed that
if there is a 50% reduction in a scale-derived score such as the Brief
Psychiatric Rating Scale (BPRS; Overall 1962), or the PANSS (Kay
1986), this could be considered as a clinically significant response
(Leucht 2005a; Leucht 2005b). If data based on these thresholds
were not available, we used the primary cut-oG presented by the
original authors.

Direction of graphs

Where possible, we entered data in such a way that the area to
the leP of the line of no eGect indicated a favourable outcome for
pharmacological intervention for prevention of weight gain. Where
keeping to this made it impossible to avoid outcome titles with
clumsy double-negatives (e.g. 'not un-improved') we reported data
where the leP of the line indicated an unfavourable outcome and
noted this in the relevant graphs.
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Assessment of risk of bias in included studies

Review authors NS, SMA and ZA worked independently to assess
risk of bias by using criteria described in the Cochrane Handbook for
Systematic Reviews of Interventions to assess study quality (Higgins
2011). This set of criteria is based on evidence of associations
between potential overestimation of eGect and the level of risk
of bias of the article that may be due to aspects of sequence
generation, allocation concealment, blinding, incomplete outcome
data and selective reporting, or the way in which these 'domains'
are reported.

If the raters disagreed, we made the final rating by
consensus. Where inadequate details of randomisation and other
characteristics of studies are provided, we attempted to contact
authors of the studies in order to obtain further information. We
reported non-concurrence in quality assessment, but if disputes
arose regarding the category to which a study was to be allocated,
we resolved this by discussion.

Measures of treatment e6ect

Binary data

For binary outcomes we calculated a standard estimation of the risk
ratio (RR) and its 95% confidence interval (CI), as it has been shown
that RR is more intuitive than odds ratios (Boissel 1999); and that
odds ratios tend to be interpreted as RRs by clinicians (Deeks 2000).
Although the number needed to treat for an additional beneficial
outcome (NNTB) and the number needed to treat for an additional
harmful outcome (NNTH), with their CIs, are intuitively attractive to
clinicians, they are problematic to calculate and interpret in meta-
analyses (Hutton 2009). For binary data presented in the summary
of findings tables we calculated illustrative comparative risks where
possible.

Continuous data

For continuous outcomes we estimated MD between groups. We
preferred not to calculate eGect size measures (SMD). However
if scales of very considerable similarity were used, we presumed
there was a small diGerence in measurement, and calculated eGect
size and transformed the eGect back to the units of one or more of
the specific instruments.

Unit of analysis issues

Cluster studies

Studies increasingly employ 'cluster randomisation' (such as
randomisation by clinician or practice), but analysis and pooling
of clustered data poses problems. Authors oPen fail to account
for intra-class correlation in clustered studies, leading to a unit-
of-analysis error whereby P values are spuriously low, CIs unduly
narrow and statistical significance overestimated (Divine 1992).
This causes type I errors (Bland 1997; Gulliford 1999).

Had we found any studies where clustering was incorporated into
the analysis, we would have presented these data as if from a
non-cluster randomised study, but would have adjusted for the
clustering eGect. We did not identify any cluster-RCTs to include in
this review.

Cross-over studies

A major concern of cross-over studies is the carry-over eGect.
This occurs if an eGect (e.g. pharmacological, physiological or
psychological) of the treatment in the first phase is carried over
to the second phase. As a consequence, participants can diGer
significantly from their initial state at entry to the second phase,
despite a wash-out phase. For the same reason, cross-over studies
are not appropriate if the condition of interest is unstable (Elbourne
2002). As both carry-over and unstable conditions are very likely
in severe mental illness, we decided to only use data from the
first phase of cross-over studies. We did not identify any cross-over
studies to include in this review.

Studies with multiple treatment groups

Where a study involved more than two treatment arms, if relevant,
we presented the additional treatment arms in comparisons. If
data were binary, we simply added these and combined within
the two-by-two table. If data were continuous, we combined data
following the formula in the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2021). Where additional treatment
arms were not relevant, we did not reproduce these data.

Dealing with missing data

Overall loss of credibility

At some degree of loss of follow-up, data must lose credibility (Xia
2009). We chose, for any particular outcome, not to reproduce data
or use them within analyses should more than 50% of data be
unaccounted for. If, however, more than 50% of those in one arm
of a study were lost, but the total loss was less than 50%, we chose
to address this within the summary of findings tables by down-
rating certainty. Finally, we also downgraded certainty within the
summary of findings tables if the loss was 25% to 50% in total.

Binary data

Where attrition for a binary outcome was between 0% and 50% and
where these data were not clearly described, we presented data on
a 'once-randomised-always-analyse' basis (an intention-to-treat
(ITT) analysis). Those leaving the study early are all assumed to
have the same rates of negative outcome as those who completed.
We used the rate of those who stayed in the study - in that
particular arm of the study - and applied this also to those who
did not. We undertook a sensitivity analysis to test how prone the
primary outcomes were to change when data only from people
who completed the study to that point were compared to the ITT
analysis using the above assumptions.

Continuous data

Attrition

We used data where attrition for a continuous outcome was
between 0% and 50%, and reported data only from people who
completed the study to that point.

Standard deviations

If SDs were not reported, we tried to obtain the missing values
from the authors. If these were not available, where there were
missing measures of variance for continuous data, but an exact
standard error (SE) and CIs available for group means, and either
P value or t value available for diGerences in mean, we calculated
SDs according to the rules described in the Cochrane Handbook
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for Systematic Reviews of Interventions (Higgins 2021). When only
the SE was reported, we calculated SDs by the formula SD =
SE * √(n). The Cochrane Handbook for Systematic Reviews of
Interventions presents detailed formulae for estimating SDs from
P, t or F values, CIs, ranges or other statistics (Higgins 2021). If
these formulae did not apply, we calculated the SDs according
to a validated imputation method which was based on the SDs
of the other included studies (Furukawa 2006). Although some of
these imputation strategies can introduce error, the alternative
would have been to exclude a given study’s outcome and thus lose
information. Nevertheless, if this were to be the case, we decided
we would examine the validity of the imputations in a sensitivity
analysis that excludes imputed values.

Assumptions about participants who leL the studies early or were lost
to follow-up

Various methods are available to account for participants who
leP the studies early or were lost to follow-up. Some studies just
present the results of study completers; others use the method
of last observation carried forward (LOCF); while more recently,
methods such as multiple imputation or mixed-eGects models for
repeated measurements (MMRM) have become more of a standard.
While the latter methods seem to be somewhat better than LOCF
(Leon 2006), we feel that the high percentage of participants
leaving the studies early and diGerences between groups in their
reasons for doing so is oPen the core problem in randomised
schizophrenia studies. We therefore did not exclude studies based
on the statistical approach used. However, by preference we used
the more sophisticated approaches, that is, we preferred to use
MMRM or multiple-imputation to LOCF, and we only presented
completer analyses if some kind of ITT data were not available at all.
Moreover, we addressed this issue in the item 'Incomplete outcome
data' of the risk of bias tool (Higgins 2011).

Assessment of heterogeneity

Clinical heterogeneity

We considered all included studies initially, without seeing
comparison data, to judge clinical heterogeneity. We simply
inspected all studies for participants who were clearly outliers or
situations that we had not predicted would arise and, where found,
discussed such situations or participant groups.

Methodological heterogeneity

We considered all included studies initially, without seeing
comparison data, to judge methodological heterogeneity. We
simply inspected all studies for clearly outlying methods that
we had not predicted would arise, and discussed any such
methodological outliers.

Statistical heterogeneity

Visual inspection

We inspected graphs visually to investigate the possibility of
statistical heterogeneity.

Employing the I2 statistic

We investigated heterogeneity between studies by considering the
I2 statistic (Higgins 2003), alongside the Chi2 P value. The I2 statistic
provides an estimate of the percentage of inconsistency thought
to be due to chance. The importance of the observed value of the
I2 statistic depends on the magnitude and direction of eGects as

well as the strength of evidence for heterogeneity (e.g. P value from
Chi2 test, or a confidence interval for I2 statistic). We interpreted an
I2 statistic estimate of 50% or more, accompanied by a statistically
significant Chi2 statistic, as evidence of substantial heterogeneity
(Deeks 2021). When substantial levels of heterogeneity were found
in the primary outcome, we explored reasons for heterogeneity
(Subgroup analysis and investigation of heterogeneity).

Assessment of reporting biases

Reporting biases arise when the dissemination of research findings
is influenced by the nature and direction of results (Egger 1997).
These are described in section 10.1 of the Cochrane Handbook for
Systemic reviews of Interventions (Sterne 2011).

Protocol versus full study

We tried to locate protocols of included RCTs. If the protocol
was available, we compared outcomes in the protocol and in the
published report. If the protocol was not available, we compared
outcomes listed in the methods section of the study report with
reported results.

Funnel plot

We are aware that funnel plots may be useful in investigating
reporting biases but are of limited power to detect small-study
eGects. We did not use funnel plots for outcomes where there were
10 or fewer studies, or where all studies were of similar size. In
other cases, where funnel plots were possible, we sought statistical
advice in their interpretation.

Data synthesis

We understand that there is no closed argument for preference for
use of fixed-eGect or random-eGects models. The random-eGects
method incorporates an assumption that the diGerent studies are
estimating diGerent, yet related, intervention eGects. This oPen
seems to be true to us and the random-eGects model takes into
account diGerences between studies, even if there is no statistically
significant heterogeneity. There is, however, a disadvantage to the
random-eGects model: it puts added weight onto small studies,
which oPen are the most biased ones. Depending on the direction
of eGect, these studies can either inflate or deflate the eGect size.
We chose to use a random-eGects model for all analyses.

Subgroup analysis and investigation of heterogeneity

Subgroup analyses

Primary outcomes

We only undertook subgroup analyses for the primary outcome
'average endpoint/change in weight'. Subgroup analyses were only
done for comparisons in which we observed high heterogeneity and
the studies could be divided into subgroups (decided on post-hoc)
to potentially explain and reduce the source of heterogeneity.

Investigation of heterogeneity

We reported if inconsistency was high. Firstly, we investigated
whether data were entered correctly. Secondly, if data were
correct, we inspected the graph visually and removed outlying
studies successively to see if homogeneity was restored. When
unanticipated clinical or methodological heterogeneity was
obvious we simply stated hypotheses regarding these for future
reviews or versions of this review. If homogeneity could not be
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achieved with the first two approaches, heterogeneity was leP
unresolved.

Sensitivity analysis

We conducted sensitivity analyses where relevant, based on the
evidence found for each intervention comparison. Sensitivity
analyses were only done for primary outcomes related to weight
(e.g. average endpoint/change in body weight). If there were
substantial diGerences in the direction or precision of eGect
estimates in any of the sensitivity analyses listed below, we did not
add data from the lower-quality studies to the results of the higher-
quality studies, but presented these data within a subcategory. If
their inclusion did not result in a substantive diGerence, they were
kept in the analyses.

Implication of randomisation

If studies were described in some way as to imply randomisation,
we compared data from the studies that were randomised with
those where randomisation was implied.

Assumptions for lost binary data

Where assumptions had to be made regarding people lost to follow-
up (see Dealing with missing data), we compared the findings when
we used our assumption with completer data only. If there was a
substantial diGerence, we reported results and discussed them but
continued to employ our assumption.

Assumptions for lost continuous data

Where assumptions have to be made regarding missing SDs (see
Dealing with missing data), we compared the findings when we
used our assumption with data that were not imputed. If there was
a substantial diGerence, we reported results and discussed them
but continued to employ our assumption.

Risk of bias

We analysed the eGects of excluding studies that were at high risk
of bias across one or more of the domains (see Assessment of risk
of bias in included studies).

Imputed values

We also undertook a sensitivity analysis to assess the eGects of
including data from studies where we used imputed values for ICC
in calculating the design eGect in cluster-RCTs.

Fixed-e+ect and random-e+ects models

We synthesised data using a random-eGects model; however, we
also synthesised data for the primary outcome using a fixed-eGect
model to evaluate whether this altered the significance of the
results.

Summary of findings and assessment of the certainty of the
evidence

We used the GRADE approach to interpret findings (Schünemann
2021); and used GRADEpro GDT to export data from our review to
create summary of findings tables. These tables provide outcome-
specific information concerning the overall certainty of evidence
from each included study in the comparison, the magnitude of
eGect of the interventions examined, and the sum of available data
on all outcomes we rated as important to patient care and decision
making. We selected the following main outcomes for inclusion in
the summary of findings tables.

1. Weight: clinically important change in weight

2. Weight: average endpoint/change in weight (post-hoc)

3. Weight: clinically important change in BMI

4. Weight: average endpoint/change in BMI (post-hoc)

5. Leaving the study early: for any reason

6. Compliance with treatment

7. Reports of nausea

Given the sparse data available for the prespecified primary
outcomes, we added post-hoc primary and secondary outcomes
and reported them in the summary of findings tables. This change
in protocol was made post-hoc and is described in Types of
outcome measures and DiGerences between protocol and review.

R E S U L T S

Description of studies

A brief overview of the included and excluded studies is presented
below. For substantive descriptions of studies see Characteristics
of included studies; Characteristics of excluded studies; and
Characteristics of ongoing studies. Additional information on
studies awaiting assessment is presented below.

Results of the search

Database searching identified a total of 991 records (on 16 June
2014, 5 August 2015, 4 September 2019 and 10 February 2021).
APer screening titles and abstracts for inclusion in the review,
we selected 142 studies for full-text assessment. From this, we
excluded 121 full-text articles, with reasons (Characteristics of
excluded studies). Two studies are awaiting classification and two
are ongoing. We included 17 studies in the quantitative meta-
analysis of this review.

Please see also Figure 1 for details (Moher 2009).
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Figure 1.   Study flow diagram
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Figure 1.   (Continued)

 
Included studies

Design and duration

All studies were randomised. Fourteen interventions were double-
blind, two were open-label (Kim 2006; Vishnupriya 2016), and one
had unclear blinding (Liu 2011). The duration of the studies ranged
between 6 weeks (Poyurovsky 2003; Poyurovsky 2004; Poyurovsky
2007; Poyurovsky 2013), and 24 weeks (Correll 2020a; Rado 2016;
Vishnupriya 2016). The average duration was approximately 12
weeks. Hence, we were able to provide information on outcomes
over the short term and were not able to measure any outcome
measure over the medium or long term.

Participants

Most studies included people diagnosed with schizophrenia,
schizoaGective disorder or schizophreniform psychosis, while one
study included patients with bipolar disorder and major depressive
disorder as well (Rado 2016). The majority of studies employed DSM
IV criteria for diagnosis (APA 2000), while others (Narula 2010; Liu
2011), used ICD-10 (WHO 2016), and Sun 2007 used CCMD-3 (CSP
2003).

The current review comprises an analysis of 1388 individuals. Only
one study was conducted in children, with a mean age of 10.9 years;
all other studies were conducted in adults aged between 18-65 with
a median age of 26.53 years. We pooled the study conducted in
children together with the adult studies, despite known diGerences
in treatment eGect sizes between these populations; however, we
expected the direction of eGects to be the same. There were 737
male participants and 372 female participants, but gender was
not specified for 251 individuals. When data were provided, the

mean weight and BMI were 58.7 kg (in 14 studies) and 22.11 kg/m2

(in 13 studies), respectively. Nine studies indicated that they were
conducted in antipsychotic naive or first episode patients (Liu 2011;
Modabbernia 2014; Narula 2010; Poyurovsky 2002; Poyurovsky
2003; Poyurovsky 2004; Poyurovsky 2007; Poyurovsky 2013; Wu
2008).

Setting

Studies included in the meta-analysis involved either inpatients
or outpatients, or both. Eleven studies reported this characteristic
(Arman 2008; Baptista 2006; Kim 2006; Liu 2011; Modabbernia
2014; Narula 2010; Poyurovsky 2002; Poyurovsky 2003; Poyurovsky
2004; Poyurovsky 2007; Wu 2008); there were 319 inpatients and 99
outpatients. The setting of the remaining studies is unclear.

Study size

Most studies were small (63 participants) and ranged between 14
and 561 participants.

Interventions

All 17 studies evaluated adjunctive pharmacotherapy for weight
maintenance or prevention of weight gain.

Pharmacological Interventions

The included studies used the following medications and
drug classes: topiramate (Liu 2011; Narula 2010; Kim 2006),
metformin (Arman 2008; Baptista 2006; Rado 2016; Vishnupriya
2016; Wu 2008), monoamine modulators such as reboxetine
(Poyurovsky 2003; Poyurovsky 2007; Poyurovsky 2013), and
fluoxetine (Poyurovsky 2002), H2 antagonists such as nizatidine
(Cavazzoni 2003), famotidine (Poyurovsky 2004), and ranitidine
(Sun 2007), reboxetine plus betahistine, samidorphan (Correll
2020a), and melatonin (Modabbernia 2014).

For the comparisons in this review, we grouped together
medications that use a similar mechanism of action.

Standard care

In all studies, standard care included treatment with antipsychotic
medication. Other components of standard care were not explicitly
outlined in all studies.

Non-standard care: other behavioural interventions

None of the included studies looked at a combined
pharmacological plus behavioural intervention.

Outcomes

All the included studies provided data for weight-related outcomes.
However, in some instances, they did not report adequate details
of our primary and secondary outcomes or reported them in ways
that made them unusable for the purpose of this review. For such
studies, we emailed authors to provide us with more data. If we did
not receive a response, we excluded the study for those outcomes
(see Characteristics of excluded studies). Some studies failed to
report appropriate measures of central tendency and deviation
(e.g. mean and standard deviation or standard error or 95% CI).
For such studies, we used the Review Manager 5 Calculator (Review
Manager 2020). However, caution is needed as the values may not
be a complete reflection of the actual values.

We divided all outcomes into short term (less than six months),
medium term (seven to 12 months) and long term (over one year).

Primary outcomes

Weight or BMI

Most studies reported endpoint data for weight or another indicator
of body mass such as BMI. Three studies reported only change
data (Rado 2016; Vishnupriya 2016; Wu 2008), while four studies
reported both change and end-point measures (Poyurovsky 2002;
Poyurovsky 2003; Poyurovsky 2007; Poyurovsky 2013).

Other less commonly reported measures included waist
circumference, waist-to-hip ratio and hip circumference.

Leaving the study early

Most of the studies made note of individuals who withdrew from
the study early.
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Compliance with treatment

None of the included studies reported compliance with treatment.
No study mentioned how they confirmed compliance, and no study
reported adherence to medication during follow-up. Given the lack
of reporting data, we were unable to include this measure in the
meta-analysis.

Reports of nausea

Only five studies reported the frequency of nausea (Arman 2008;
Cavazzoni 2003; Liu 2011; Narula 2010; Wu 2008).

Secondary outcomes

Details of only those scales that provided usable data are shown
below. Reasons for exclusion of data are given above under
'Outcomes'.

Global measures

1. Clinical Global Impression Scale (CGI): five studies reported
data using this instrument (Correll 2020a; Poyurovsky 2003;
Poyurovsky 2004; Poyurovsky 2007; Poyurovsky 2013).

Mental state

1. Brief Psychiatric Rating Scale (BPRS): two studies reported
data using this instrument (Baptista 2006; Cavazzoni 2003).

2. Positive and Negative Syndrome Scale (PANSS): Four studies
reported data using this instrument (Correll 2020a; Liu 2011;
Modabbernia 2014; Narula 2010).

3. Scale for the Assessment of Negative Symptoms (SANS):
five studies reported data using this instrument (Poyurovsky
2002; Poyurovsky 2003; Poyurovsky 2004; Poyurovsky 2007;
Poyurovsky 2013).

4. Hamilton Rating Scale for Depression (HAM-D): four studies
reported data using this instrument (Poyurovsky 2002;
Poyurovsky 2003; Poyurovsky 2007; Poyurovsky 2013).

Adverse e�ects

1. Barnes Akathisia Scale (BAS): four studies reported data using
this scale (Correll 2020a; Poyurovsky 2003; Poyurovsky 2007;
Poyurovsky 2013).

2. Simpson Angus Scale (SAS): five studies reported data using
this scale (Cavazzoni 2003; Correll 2020a; Poyurovsky 2003;
Poyurovsky 2004; Poyurovsky 2007; Poyurovsky 2013).

Other outcome measures

1. Cardiovascular measures: three studies reported blood pressure
data (Modabbernia 2014; Narula 2010; Poyurovsky 2013).

2. Laboratory measures: investigating metabolic-related
laboratory measures was of importance in this review as they
serve as additional indicators of drug action. However, only a
limited number of studies reported on laboratory parameters.
Some reported measures were fasting glucose (Baptista 2006;
Correll 2020a; Liu 2011; Modabbernia 2014; Narula 2010; Rado
2016; Wu 2008), lipids (high-density, low-density and very low-
density lipoproteins, total cholesterol and triglycerides; Baptista
2006; Correll 2020a; Liu 2011; Modabbernia 2014; Narula
2010; Wu 2008), fasting insulin (Baptista 2006; Correll 2020a;
Modabbernia 2014; Narula 2010; Wu 2008), insulin resistance
(Baptista 2006; Modabbernia 2014; Rado 2016; Wu 2008), leptin

(Narula 2010), and haemoglobin (HbA1c) (Correll 2020a; Rado
2016).

3. Unusable data: studies reported a large amount of data
presented in a way not useable for this review. A fair number of
studies provided their results only in graph form; additionally,
many studies did not appropriately indicate measures of
deviation and central tendency (e.g. mean and standard
deviation or standard error or 95% CI), which rendered
their results unusable within our review. These are stated in
the Characteristics of included studies tables.

4. Missing outcomes: no studies reported on the primary
outcomes, 'clinically important change in BMI' or 'compliance
with treatment'. None of the studies provided a description
of how they confirmed compliance, and none of the studies
reported on adherence to medication during follow-up.
Therefore, we were unable to include this measure in the meta-
analysis.

Excluded studies

We excluded 121 studies from the review for the following reasons:

1. 108 studies used an ineligible intervention (Adams 2013;
Agahi 2017; Agarwal 2019; Assuncao 2006; Atmaca 2003;
Atmaca 2004; Ball 2011; Baptista 2007; Baptista 2008; Baptista
2009; Barak 2010; Barak 2016; Biedermann 2014; Borba 2011;
Borovicka 2002; Bushe 2010; Bustillo 2003; Carrizo 2009; Chang
2012; Chen 2010; Chen 2013; Chen 2015; Chiu 2016; Correll
2020b; Dai 2014; Danilov 2014; Deberdt 2005; de Silva 2015;
Deutsch 2003; Ding 2005; Eriksson 2019; Fadai 2014; Fan 2013;
Fleischhacker 2010; Ghanizadeh 2013; Goodall 1988; Graham
2005; Hebrani 2015; Heikkinen 1993; Henderson 2005a;
Henderson 2007; Henderson 2009a; Henderson 2011; Holka-
Pokorska 2015; Hu 2013; IRCT20191223045870N1; Ishoy 2017;
Jamilian 2018; Jarskog 2013; Jarskog 2018; Jiang 2017; JoGe
2008; Kang 2018; Kelly 2011; Khan 2020; Kim 2007; Kim 2016;
Klein 2008; Ko 2005; Kwon 2006; Larsen 2017; Li 2013; Li 2020;
Liu 2004; Lu 2004; Lyu 2018; Maagensen 2021; Martin 2019;
Mehta 2014; Modell 1965; Muscatello 2011a; Muscatello 2011b;
NCT00044187; NCT00114595; NCT00320723; NCT00512070;
NCT00672464; NCT01491490; NCT03132571; Peng 2016; Pierre
2007; Qi 2014; Radulovic 2002; Ranjbar 2013; Reeves 2013;
Simmons 2018; Siskind 2018; Siskind 2020; Smith 2013; Smith
2018; Strous 2007; Sulejmanpasic 2019; Talaei 2016; Tavakoli
2014; Taveira 2014; Tek 2014; Terevnikov 2013; Tiihonen 2005;
Wang 2009; Wang 2010; Wang 2012; Wang 2020a; Weber 2006;
Weiner 2012; Whicher 2021; Wu 2012; Yagcioglu 2005; Yoon
2008);

2. six studies study were non-randomised studies or reviews
(Correll 2009; Correll 2013; De Hert 2006; Hadley 2009;
Henderson 2009b; HoGmann 2012);

3. four studies included an ineligible population (Egger 2007;
Faghihi 2012; Klein 2006; McElroy 2012);

4. one study terminated early with no published data
(CTRI/2013/05/003685 2013);

5. one study did not report eligible outcomes (NCT00425815); and

6. one study did not have a proper comparator group (Wang
2020b).

These reasons are also presented in  Characteristics of excluded
studies table.
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Studies awaiting assessment

We were unable to find abstracts or full publications for two studies,
and there was no available contact information to gain access to
these publications to determine eligibility (Ginsberg 2004; Mondal
2014).

Ongoing studies

Two studies identified as being potentially eligible are still ongoing
(NCT04524403; NL8440). 

Risk of bias in included studies

For graphical representations of our judgements of risk of bias,
please refer to Figure 2 and Figure 3. Full details of judgements are
seen in the ’Risk of bias’ tables.

 

Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies

Random sequence generation (selection bias)
Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias): All outcomes
Blinding of outcome assessment (detection bias): All outcomes

Incomplete outcome data (attrition bias): All outcomes
Selective reporting (reporting bias)

Other bias

0% 25% 50% 75% 100%

Low risk of bias Unclear risk of bias High risk of bias
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Figure 3.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study
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Arman 2008 ? − ? ? − ? +

Baptista 2006 + + ? ? + + +

Cavazzoni 2003 ? − ? ? ? ? +

Correll 2020a ? ? + + ? + +

Kim 2006 ? − − + + + +

Liu 2011 ? ? ? + + + ?

Modabbernia 2014 + ? + + + + +

Narula 2010 ? − ? ? + + +

Poyurovsky 2002 ? ? ? ? + ? +

Poyurovsky 2003 + ? ? + + ? +

Poyurovsky 2004 ? − ? + + ? +

Poyurovsky 2007 + ? + + + ? +

Poyurovsky 2013 + ? + ? ? + +

Rado 2016 + + + + + + +

Sun 2007 + ? + + ? + +

Vishnupriya 2016 + − − + + + +

Wu 2008 + + + ? + ? +

 
 

Pharmacological interventions for prevention of weight gain in people with schizophrenia (Review)

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

23



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Figure 3.   (Continued)

Wu 2008 + + + ? + ? +

 
Allocation

All included studies were reported as randomised. Nine studies
clearly mentioned their random sequence generation procedure;
five studies used a computer-generated randomisation code
(Baptista 2006; Rado 2016; Sun 2007; Vishnupriya 2016; Wu 2008),
three studies used a table of random numbers (Poyurovsky 2003;
Poyurovsky 2007; Poyurovsky 2013), and one study used a block
randomisation procedure (Modabbernia 2014). The remaining
studies did not provide any details on their randomisation methods
(Arman 2008; Cavazzoni 2003; Correll 2020a; Kim 2006; Liu 2011;
Narula 2010; Poyurovsky 2002; Poyurovsky 2004).

Concealment of allocation has repeatedly been shown to be of key
importance in excluding selection biases. Only three of the included
studies explicitly mentioned the procedure followed to conceal
allocation (Baptista 2006; Vishnupriya 2016; Wu 2008), so we judged
them to be at low risk of bias. We deemed six studies to be at high
risk of selection bias due to a combined lack of reporting on details
relating to randomisation, allocation concealment, and blinding
(Arman 2008; Cavazzoni 2003; Kim 2006; Narula 2010; Poyurovsky
2004; Vishnupriya 2016). We rated the remaining eight studies as
unclear risk for allocation concealment as the study did not provide
enough details on this point to make a judgement (Correll 2020a;
Liu 2011; Modabbernia 2014; Poyurovsky 2002; Poyurovsky 2003;
Poyurovsky 2007; Rado 2016; Sun 2007).

Blinding

Thirteen studies included in this review were double-blind, two
were open-label (Kim 2006; Vishnupriya 2016), and one had
unclear blinding procedures (Liu 2011). However, most of the
studies did not report any test of blinding, and we therefore
rated them as unclear for performance bias (Arman 2008; Baptista
2006; Cavazzoni 2003; Liu 2011; Narula 2010; Poyurovsky 2002;
Poyurovsky 2003; Poyurovsky 2004). The two open-label studies
were deemed high risk of bias while all remaining studies were
deemed to be low risk.

We judged 10 studies to be at low risk of detection bias as most
outcomes (weight and other metabolic parameters) were objective
in nature and unlikely to be biased by blinding. However, the
remaining studies did not explicitly state their methods of blinding
outcome assessments, so it wasn't clear that detection bias was
absent. In these instances, we judged them to be at unclear risk of
bias for this domain (Arman 2008; Baptista 2006; Cavazzoni 2003;
Narula 2010; Poyurovsky 2002; Poyurovsky 2013; Wu 2008).

Incomplete outcome data

We did not include studies where more than 50% of data were
missing. We judged 12 studies to have low risk of attrition bias
as they had a small dropout rate that was fairly distributed
between groups, and they stated methods on how missing data
were imputed. One study was found to have a high risk of bias
because of the high rates of dropout and only 62% of the sample
being included in the analyses (Arman 2008). However, a sensitivity
analysis excluding this study from the analysis did not change
the findings significantly. Hence, we included it in the review.

We judged the remaining four studies as unclear in this domain
because of the lack of information on number of dropouts in
the study or the analysis methods accounting for missing data
(Cavazzoni 2003; Correll 2020a; Poyurovsky 2013; Sun 2007).

Inclusion and exclusion of studies that performed an ITT or LOCF
analysis did not change the results of the review significantly.
Hence, we judged attrition bias to be low for all comparisons.

Selective reporting

We deemed risk of bias due to selective reporting to be low
in 10 studies. These studies reported all prespecified outcomes
in their study protocol or comprehensive methods section. We
judged the remaining seven studies as unclear because there
was no clinical trial protocol available, and a lack of information
on other outcomes that may have been measured (Arman 2008;
Cavazzoni 2003; Poyurovsky 2002; Poyurovsky 2003; Poyurovsky
2004; Poyurovsky 2007; Wu 2008).

Other potential sources of bias

Due to the comprehensive nature of the bias categorisation, we
deemed most studies as low risk in this category. We rated only
one study as unclear in this category because it was translated
from Chinese and therefore language constraints made it diGicult
to assess any other biases (Liu 2011).

All of the included studies had a duration of six months or less, thus,
care needs to be taken in interpreting the long-term eGects of the
treatment. However, we were unable to judge publication bias since
the number of studies was 10 or fewer in each of the comparisons.

E6ects of interventions

See: Summary of findings 1 Metformin compared to placebo
or no treatment for prevention of weight gain in people with
schizophrenia; Summary of findings 2 H2 antagonists compared
to placebo for prevention of weight gain in people with
schizophrenia; Summary of findings 3 Monoamine modulators
compared to placebo for prevention of weight gain in people with
schizophrenia; Summary of findings 4 Topiramate compared to
placebo or no treatment for prevention of weight gain in people
with schizophrenia

Quantitative synthesis

Metformin versus placebo or no treatment

See Summary of findings 1.

Five studies compared metformin with standard care (Arman 2008;
Baptista 2006; Rado 2016; Vishnupriya 2016; Wu 2008).

The following primary outcomes were not reported in any of the
studies included in this comparison: 'clinically important change
in weight', 'clinically important change in BMI' and 'compliance
with treatment'. The following secondary outcomes were also not
reported in any of the studies included in this comparison: 'global
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state', 'well-being', 'quality of life', 'adverse eGects/events - general
or specific', or 'economic costs'.

Primary outcomes

Weight or BMI

1. Clinically important change in weight: no data to report

2. Average endpoint/change in weight (post-hoc): metformin may

prevent weight gain (MD −4.03 kg, 95% CI −5.78 to −2.28; I2 = 0%;
4 studies, 131 participants; Analysis 1.1); however, the certainty
of evidence for this outcome is low.

3. Clinically important change in BMI: no data to report

4. Average endpoint/change in BMI (post-hoc)

5. Metformin may be eGective in preventing increases in BMI (MD

−1.63 kg/m2, 95% CI −2.96 to −0.29; I2 = 90.25%; 5 studies, 227
participants; Analysis 1.2); however, the certainty of evidence for
this outcome is low.

Leaving the study early

1. For any reason: there was no diGerence between groups in terms

of individuals leaving the study (RR 1.02, 95% CI 0.25 to 4.13; I2 =
0%; 4 studies, 137 participants; Analysis 1.4); however, certainty
of evidence for this outcome is very low.

Compliance with treatment - as defined by individual studies

No data to report

Reports of nausea

Metformin does not appear to cause more nausea than placebo

(RR 2.38, 95% CI 0.28 to 19.95; I2 = 40%; 2 studies, 69 participants;
Analysis 1.5). The certainty of this outcome is very low, however,
given the small number of studies reporting this adverse event.

Secondary outcomes

Weight: average endpoint/change in waist circumference (post-hoc)

Metformin does not appear to have an eGect on waist circumference

(MD −1.13 cm, 95% CI −4.28 to 2.02; I2 = 98%; 5 studies, 232
participants; Analysis 1.3).

Leaving the study early

1. For specific reasons: no data to report

Global state

No data to report

Mental state

No eGect was observed on the following mental state outcome
measures: SANS (MD −0.05, 95% CI −1.38 to 1.28; 1 study, 37
participants), SAPS (MD 0.09, 95% CI −0.67 to 0.85; 1 study, 37
participants) and BPRS (MD −1.80, 95% CI −6.50 to 2.90; 1 study,
37 participants; Analysis 1.6). However, given that only one study
reported on each of these outcomes, the certainty of evidence is
very low and the eGect is uncertain.

Well-being

No data to report

Quality of life

No data to report

Adverse e6ects/events - general or specific

No data to report

Physiological: laboratory measures

In the studies that reported these parameters, it does not appear
that metformin has an eGect on laboratory measures including
fasting blood glucose, HDL cholesterol, LDL cholesterol, total
cholesterol, triglycerides, insulin, and insulin resistance (Analysis
1.7). This finding is uncertain, however, given the small number of
studies that reported this measure.

Economic costs

No data to report

H2 antagonists versus placebo

See Summary of findings 2.

We included three RCTs in this comparison, one examined two
doses of nizatidine (Cavazzoni 2003), one examined famotidine
(Poyurovsky 2004), and one examined ranitidine (Sun 2007). None
of the studies included in this comparison reported the primary
outcomes: 'clinically important change in weight', 'clinically
important change in BMI' and 'compliance with treatment'. The
following secondary outcomes were also not reported in any of the
studies included in this comparison: 'weight (or other indicator of
body mass)', 'leaving the study early for specific reasons', 'global
state', 'well-being', 'quality of life', 'physiological measures' or
'economic costs'.

Primary outcomes

Weight or BMI

1. Clinically important change in weight: no data to report

2. Average endpoint/change in weight (post-hoc): H2 antagonists
may be eGective in preventing weight gain (MD −1.32 kg, 95% CI

−2.09 to −0.56; I2 = 0%; 3 studies, 248 participants; Analysis 2.1);
however, the certainty of evidence for this outcome is low.

3. Clinically important change in BMI: no data to report

4. Average endpoint/change in BMI (post-hoc): H2 antagonists may
be eGective in preventing any increases in BMI (MD −0.66 kg/

m2, 95% CI −0.99 to −0.33; I2 = 0%; 2 studies, 79 participants;
Analysis 2.2); however, given the small number of studies in the
comparison, the certainty of evidence for this outcome is very
low.

Leaving the study early

1. For any reason: there was no diGerence between groups in terms
of individuals leaving the study (RR 1.07, 95% CI 0.72 to 1.57;

I2 = 0%; 2 studies, 189 participants; Analysis 2.3); however, the
certainty of evidence for this outcome is low.

Compliance with treatment - as defined by individual studies

No data to report

Reports of nausea

There was no report of increased incidence of nausea in the
intervention groups compared with placebo (RR 1.13, 95% CI 0.34
to 3.68; 1 study, 175 participants; Analysis 2.4); however, the eGect
is uncertain as the certainty of evidence is low.
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Secondary outcomes

Weight (or other indicator of body mass)

No data to report

Leaving the study early

1. For specific reasons: no data to report

Global state

No data to report

Mental state

There was no evidence of eGect of H2 antagonists on mental state,
as reported by various mental state scales: CGI (MD 0.10, 95% CI
−0.74 to 0.94; 1 study, 14 participants), SANS (MD −1.90, 95% CI
−4.97 to 1.17; 1 study, 14 participants), SAPS (MD −0.10, 95% CI
−4.09 to 3.89; 1 study, 14 participants) (Analysis 2.6) and BPRS (MD
2.32, 95% CI −0.89 to 5.53; 1 study, 169 participants; Analysis 2.5).
However, the eGect of these agents on mental state is uncertain as
the certainty of evidence is very low.

Well-being

No data to report

Quality of life

No data to report

Adverse e6ects/events - general or specific

There was no report of increased incidence of any adverse eGects
in the intervention groups compared with placebo. However, the
eGect is uncertain as the certainty of evidence is very low.

1. Headache (RR 1.06, 95% CI 0.28 to 4.08; 1 study, 175 participants;
Analysis 2.7)

2. Dry mouth (RR 3.60, 95% CI 0.67 to 19.38; 1 study, 175
participants; Analysis 2.8)

3. Anxiety (RR 1.04, 95% CI 0.37 to 2.90; 1 study, 175 participants;
Analysis 2.9);

4. Depression (RR 3.69, 95% CI 0.68 to 19.97; 1 study, 175
participants; Analysis 2.10 );

5. Dizziness (RR 0.61, 95% CI 0.21 to 1.73; 1 study, 175 participants;
Analysis 2.11);

6. Increased appetite (OR 0.47, 95% CI 0.19 to 1.16; 1 study, 175
participants; Analysis 2.12);

7. Somnolence (RR 0.72, 95% CI 0.47 to 1.10; I2 = 0%; 2 studies, 189
participants; Analysis 2.13);

8. SAS (MD −0.48, 95% CI −1.86 to 0.90; I2 = 50%; 2 studies, 183
participants; Analysis 2.14).

Physiological: laboratory measures

No data to report

Economic costs

No data to report

Monoamine modulators versus placebo

See Summary of findings 3.

We included three RCTs in this comparison, two examined
reboxetine alone (Poyurovsky 2003; Poyurovsky 2007), and one
examined fluoxetine (Poyurovsky 2002). None of these studies
reported the primary outcomes, 'clinically important change in
weight', 'clinically important change in BMI' and 'compliance
with treatment'. The following secondary outcomes were also
not reported in any of the studies included in this comparison:
'weight (or other indicator of body mass)', 'leaving the study early
for specific reasons', 'global state', 'well-being', 'quality of life',
'physiological measures' or 'economic costs'.

Primary outcomes

Weight or BMI

1. Clinically important change in weight: no data to report

2. Average endpoint/change in weight (post-hoc): these
monoamine modulators may have an eGect on preventing
increases in body weight (MD −1.89 kg, 95% CI −3.31 to −0.47;

I2 = 12%; 3 studies, 103 participants; Analysis 3.1); however, the
certainty of evidence for this outcome is low.

3. Clinically important change in BMI: no data to report

4. Average endpoint/change in BMI (post-hoc): these monoamine
modulators may have an eGect on preventing increases in BMI

(MD −0.66 kg/m2, 95% CI −1.05 to −0.26; I2 = 0%; 3 studies, 103
participants; Analysis 3.2); however, the certainty of evidence for
this outcome is low.

Leaving the study early

1. For any reason: there was no diGerence between groups in terms
of individuals leaving the study (RR 1.05, 95% CI 0.56 to 1.94;

I2 = 0%; 3 studies, 103 participants; Analysis 3.3); however, the
certainty of evidence for this outcome is low.

Compliance with treatment - as defined by individual studies

No data to report

Reports of nausea

No data to report

Secondary outcomes

Weight (or other indicator of body mass)

No data to report

Leaving the study early

1. For specific reasons: no data to report

Global state

No data to report

Mental state

Monoamine modulators showed improvements in the HAM-D scale

(MD −2.12, 95% CI −4.22 to −0.01; I2 = 37%; 2 studies, 79 participants;
Analysis 3.7), but there were no between-group diGerences in other
 mental state scores such as the  SANS (MD −0.14, 95% CI −1.98 to

1.71; I2 = 0%; 3 studies, 103 participants; Analysis 3.4), SAPS (MD

0.09, 95% CI −2.01 to 2.19; I2 = 54%; 3 studies, 103 participants;

Analysis 3.5), or CGI (MD 0.13, 95% CI −0.28 to 0.54; I2 = 0%; 2 studies,
79 participants; Analysis 3.6).
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Well-being

No data to report

Quality of life

No data to report

Adverse e6ects/events - general or specific

Only one study reported the following adverse eGects.

1. Change in BAS score (MD −0.18, 95% CI −0.65 to 0.29; 1 study, 59
participants)

2. Change in SAS score (MD 0.26, 95% CI −1.00 to 1.52; 1 study, 59
participants)

3. Increased appetite (MD −0.68, 95% CI −1.19 to −0.17; 1 study, 59
participants)

It is diGicult to draw firm conclusions given the very low certainty
of the evidence (Analysis 3.8).

Physiological: laboratory measures

No data to report

Economic costs

No data to report

Topiramate versus placebo or no treatment

See Summary of findings 4.

We included three RCTs in this comparison (Kim 2006; Liu 2011;
Narula 2010). We deemed the overall certainty of evidence to be
very low for all outcomes.

None of the studies in this comparison reported the primary
outcomes, 'clinically important change in weight', 'clinically
important change in BMI' and 'compliance with treatment'.

The following secondary outcomes were also not reported in any of
the studies included in this comparison: 'weight (or other indicator
of body mass)', 'leaving the study early for specific reasons', 'global
state', 'well-being', 'quality of life', or 'economic costs'.

Primary outcomes

Weight or BMI

1. Clinically important change in weight: no data to report

2. Average endpoint/change in weight (post-hoc): topiramate did
not show a significant eGect in preventing weight gain (MD −4.82

kg, 95% CI −9.99 to 0.35; I2 = 74%; 3 studies, 168 participants;
Analysis 4.1), however, the certainty of evidence for this outcome
is very low.

3. Clinically important change in BMI: no data to report

4. Average endpoint/change in BMI (post-hoc): topiramate may
prevent increases in BMI (MD −2.68 kg/m2, 95% CI −4.10 to −1.26;

I2 = 0%; 2 studies, 120 participants; Analysis 4.2), however, the
certainty of evidence for this outcome is very low.

Leaving the study early

1. For any reason: there was no diGerence between groups in terms

of individuals leaving the study (RR 1.09, 95% CI 0.85 to 1.41; I2 =

0%; 2 studies, 132 participants; Analysis 4.3) but it is diGicult to
draw firm conclusions given the low certainty of the evidence.

Compliance with treatment - as defined by individual studies

No data to report

Reports of nausea

The rates of gastrointestinal and neurological adverse eGects were
not diGerent between groups (Analysis 4.4); however, the certainty
of evidence for this outcome is low.

Secondary outcomes

Weight (or other indicator of body mass)

No data to report

Leaving the study early

1. For specific reasons: no data to report

Global state

No data to report

Mental state

Topiramate may slightly decrease PANSS total scores (MD −2.08,

95% CI −3.07 to −1.10; I2 = 0%; 2 studies, 120 participants) and
PANSS General Psychopathology Scale (MD −1.53, 95% CI −2.16 to

−0.90; I2 = 0%; 2 studies, 120 participants; Analysis 4.5).

Well-being

No data to report

Quality of life

No data to report

Adverse e6ects/events - general or specific

There was no report of increased incidence of any adverse eGects in
the intervention groups compared to the placebo groups. However,
the eGect is uncertain as the certainty of the evidence is very low
(Analysis 4.6).

Physiological measures

1. Cardiovascular measures: participants in the topiramate arm
had lower systolic (MD −4.62, 95% CI −8.14 to −1.10; 1 study, 67
participants) and diastolic (MD −3.47, 95% CI −6.12 to −0.82; 1
study, 67 participants) blood pressure compared to those in the
placebo arm but the certainty of evidence is very low (Analysis
4.7).

2. Laboratory measures: there was no diGerence between groups
in terms of total cholesterol (MD −11.69, 95% CI −31.86 to 8.48;

I2 = 90%; 2 studies, 120 participants), LDL cholesterol (MD −7.99,

95% CI −21.82 to 5.84; I2 = 80%; 2 studies, 120 participants), HDL

cholesterol (MD 0.36, 95% CI −1.59 to 2.31; I2 = 0%; 2 studies,
120 participants) and triglycerides (MD −5.12, 95% CI −18.70 to

8.46; I2 = 52%; 2 studies, 120 participants). However, topiramate
did appear to improve fasting blood glucose (MD −9.22, 95% CI

−12.59 to −5.86; I2 = 0%; 2 studies, 120 participants). Results in
this comparison are uncertain as the certainty of the evidence is
very low (Analysis 4.8).
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Economic costs

No data to report

Melatonin versus placebo

Only one study examined the use of melatonin for preventing
antipsychotic induced weight gain in an eight-week long
intervention (Modabbernia 2014).This study did not report on the
primary outcomes 'clinically important change in weight', 'clinically
important change in BMI' and 'compliance with treatment'. The
following secondary outcomes were also not reported in this study:
'leaving the study early for specific reasons', 'global state', 'well-
being', 'quality of life', or 'economic costs'.

Primary outcomes

Weight or BMI

1. Clinically important change in weight: no data to report

2. Average endpoint/change in weight (post-hoc): melatonin was
associated with significantly less weight gain (MD 3.20 kg, 95%
CI −5.86 to −0.54; Analysis 5.1) compared to placebo.

3. Clinically important change in BMI: no data to report

4. Average endpoint/change in BMI (post-hoc): melatonin was
associated with a significantly less increase in BMI (MD −1.10 kg/

m2, 95% CI −1.99 to −0.21; Analysis 5.2).

Leaving the study early

1. For any reason: there was no diGerence between groups in
terms of individuals leaving the study. The study initially
randomised 48 patients (24 to each group). Following dropouts,
36 participants (18 in each group) were included in the ITT
analysis (Analysis 5.6).

Compliance with treatment - as defined by individual studies

No data to report

Reports of nausea

No data to report

Secondary outcomes

Weight (or other indicator of body mass)

Average endpoint/change in weight, BMI, or other measures (post-
hoc): melatonin was associated with a significant decrease in waist
circumference (MD −2.80 cm, 95% CI −5.43 to −0.17; Analysis 5.3).
No significant eGect on hip circumference, or waist-to-hip ratio was
observed (Analysis 5.4; Analysis 5.5).

Leaving the study early

1. For specific reasons: no data to report

Global state

No data to report

Mental state

There seemed to be a positive eGect of melatonin on mental state
scores. PANSS total (MD −12.90, 95% CI −22.59 to −3.21) and general
psychopathology (MD −7.50, 95% CI −12.65 to −2.35) scores were
reduced significantly more in the melatonin group compared to
placebo Analysis 5.7).

Well-being

No data to report

Quality of life

No data to report

Adverse e6ects/events - general or specific

No data to report

Physiological measures

1. Cardiovascular measures: no data to report

2. Laboratory measures: the melatonin group had lower total
cholesterol at endpoint than the placebo group (MD −25.40,
95% CI −49.04 to −1.76). There were no significant diGerences
between groups in terms of any of the other physiological
laboratory outcomes. (Analysis 5.8).

Economic costs

No data to report

Reboxetine plus betahistine versus placebo

Only one study examined the use of reboxetine plus betahistine for
preventing antipsychotic-induced weight gain in a six-week-long
intervention (Poyurovsky 2013). This study did not report on the
primary outcomes 'clinically important change in weight', 'clinically
important change in BMI' 'reports of nausea' and 'compliance
with treatment'. The following secondary outcomes were also not
reported in this study: 'weight (or other indicators of body mass',
'leaving the study early for specific reasons', 'global state', 'well-
being', 'quality of life', 'physiological measures', or 'economic costs'.

Primary outcomes

Weight or BMI

1. Clinically important change in weight: fewer participants in the
reboxetine group reported more than 5% weight gain (RR 0.27,
95% CI 0.11 to 0.65; 43 participants; Analysis 6.1) and more than
7% weight gain (RR 0.24, 95% CI 0.07 to 0.83; 43 participants;
Analysis 6.2) than the placebo group.

2. Average endpoint/change in weight (post-hoc): participants in
the reboxetine plus betahistine group experienced less weight
gain than those in the placebo group (MD −2.75 kg, 95% CI −4.62
to −0.88; Analysis 6.3).

3. Clinically important change in BMI: no data to report

4. Average endpoint/change in BMI (post-hoc): there was also less
increase in BMI in the reboxetine plus betahistine group versus

the placebo group (MD −0.88 kg/m2, 95% CI −1.47 to −0.29;
Analysis 6.4).

Leaving the study early

1. For any reason: there was no diGerence between groups in terms
of number of individuals who leP the study. There were seven
dropouts from 29 participants in the reboxetine plus betahistine
group and four dropouts from 14 participants in the placebo
group (RR 0.84, 95% CI 0.30 to 2.41; Analysis 6.5).

Compliance with treatment - as defined by individual studies

No data to report
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Reports of nausea

No data to report

Secondary outcomes

Weight (or other indicator of body mass)

No data to report

Leaving the study early

1. For specific reasons: no data to report

Global state

No data to report

Mental state

There were no significant diGerences between the reboxetine plus
betahistine group and the placebo group in terms of mental state
scores on the SANS, HAM-D, SAPS and CGI (Analysis 6.6).

Well-being

No data to report

Quality of life

No data to report

Adverse e6ects/events - general or specific

The groups did not diGer in terms of neurological adverse eGects,
such as change in BAS (MD 0.06, 95% CI −0.21 to 0.33) or SAS (MD
0.55, 95% CI −0.28 to 1.38; Analysis 6.7).

Physiological measures

1. Cardiovascular measures: no data to report

2. Laboratory measures: no data to report

Economic costs

No data to report

Samidorphan plus olanzapine versus olanzapine alone

Only one study examined the use of samidorphan plus olanzapine
versus olanzapine alone (Correll 2020a). This study did not
report on the primary outcomes 'clinically important change in
BMI', 'average endpoint/change in BMI', 'reports of nausea' and
'compliance with treatment'. The following secondary outcomes
were also not reported in this study: 'leaving the study early
for specific reasons', 'global state', 'well-being', 'quality of life', or
'economic costs'.

Primary outcomes

Weight or BMI

1. Clinically important change in weight: significantly lower
proportions of participants in the olanzapine plus samidorphan
group experienced 10% or higher weight gain (RR 0.59, 95% CI
0.43 to 0.81; Analysis 7.1) and 7% or higher weight gain (RR 0.64,
95% CI 0.51 to 0.82; Analysis 7.2) than in the olanzapine group.

2. Average endpoint/change in weight (post-hoc): there were no
between-group diGerences in body weight at endpoint (MD
−2.35, 95% CI −4.80 to 0.10; Analysis 7.3).

3. Clinically important change in BMI: no data to report

4. Average endpoint/change in BMI (post-hoc): no data to report

Leaving the study early

1. For any reason: a total of 352 (64%) participants completed
treatment, with similar completion rates in the two treatment
groups (RR 0.98, 95% CI 0.79 to 1.23; Analysis 7.5). The most
common reasons for discontinuation with olanzapine plus
samidorphan and with olanzapine alone were adverse events
(12.0% and 9.8%, respectively), withdrawal by participant (8.4%
and 9.8%, respectively), and loss to follow-up (8.0% and 9.4%,
respectively).

Compliance with treatment - as defined by individual studies

No data to report

Reports of nausea

No data to report

Secondary outcomes

Weight (or other indicator of body mass)

Average endpoint/change in waist circumference: participants in
the samidorphan plus olanzapine group had less increase in waist
circumference than the olanzapine group (MD −2.11, 95% CI −3.64
to −0.58; Analysis 7.4).

Leaving the study early

1. For specific reasons: no data to report

Global state

No data to report

Mental state

The PANSS total score improved similarly in both groups (MD 1.20,
95% CI −0.81 to 3.21; Analysis 7.6). Reductions in CGI-S score from
baseline to week 24 were similar between the two treatment groups
(MD 0.07, 95% CI −1.12 to 1.26; Analysis 7.6).

Well-being

No data to report

Quality of life

No data to report

Adverse e6ects/events - general or specific

Adverse events were reported in 74.1% and 82.2% of the
olanzapine plus samidorphan group and the olanzapine group,
respectively, with no significant between-group diGerences. The
most commonly reported adverse event in the two groups was
weight increase (24.8% and 36.2%, respectively), with significant
between-group diGerences. Somnolence (21.2% and 18.1%), dry
mouth (12.8% and 8.0%), and increased appetite (10.9% and
12.3%) were other commonly reported adverse events but with no
between-group diGerences (Analysis 7.8). There were no clinically
meaningful changes or diGerences observed in vital signs, ECG
results, or movement disorder scale scores for participants in the
two treatment groups.

Physiological measures

1. Cardiovascular measures: no data to report
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2. Laboratory measures: there were no significant between-group
diGerences in terms of physiological laboratory measures such
as fasting blood glucose, insulin, HbA1c, LDL-C, HDL-C, total
cholesterol and triglycerides (Analysis 7.7).

Economic costs

No data to report

Subgroup analyses and investigation of heterogeneity

No subgroup analyses were completed for the outcome average
endpoint/change in weight for any of the comparisons.

Sensitivity analyses

We only performed sensitivity analyses for the following weight
outcomes, 'average endpoint/change in body weight' or 'average
endpoint/change in BMI'. The following preplanned sensitivity
analyses did not apply to our review: exclusion of studies with
unclear randomisation methods, lost binary data, lost continuous
data or imputed values.

Metformin versus placebo or no treatment

Exclusion of studies with high risk of bias

We judged Arman 2008  to be high risk of bias for allocation
concealment (selection bias) and incomplete outcome data
(attrition bias). Excluding this study did not change the overall

results (MD −4.18 kg, 95% CI −5.95 to −2.42; I2 = 0%, 3 studies, 99
participants; Analysis 8.1).

Fixed-e6ect model

When we applied a fixed-eGect model, the overall results did not

change (MD −4.03 kg, 95% CI −5.78 to −2.28; I2 = 0%; I2 = 0%; 4
studies, 131 participants; Analysis 8.2).

H2 Antagonists versus placebo

Fixed-e6ect model

When we applied a fixed-eGect model, the overall results did not

change (MD −1.32 kg, 95% CI −2.09 to −0.56; I2 = 0%; 3 studies, 248
participants;Analysis 8.3).

Monoamine modulators versus placebo

Fixed-e6ect model

When we applied a fixed-eGect model, the overall results did not

change (MD -1.84 kg, 95% CI -3.01 to -0.67; I2 = 12%; 3 studies; 103
participants Analysis 8.4).

Topiramate versus placebo or no treatment

Exclusion of studies with high risk of bias

We deemed Kim 2006  to be high risk of bias for allocation
concealment (selection bias) and incomplete outcome data
(attrition bias). APer excluding this study, only two studies
remained in the analysis (Narula 2010; Liu 2011); this analysis
shows that topiramate may be eGective in preventing weight gain

(MD −7.63 kg, 95% CI −12.01 to −3.25; I2 = 0%; 2 studies; 120
participants; Analysis 8.5).

Fixed-e6ect model

When we applied a fixed-eGect model, the overall results did not

change (MD −1.83 kg, 95% CI −3.03 to −0.63; I2 = 74%; 3 studies; 168
participants; Analysis 8.6).

Publication bias

Due to the small number of included studies we did not perform a
funnel plot analysis.

D I S C U S S I O N

Summary of main results

General summary

This review included 17 RCTs with 1388 participants that examined
adjunctive pharmacological interventions for the prevention of
antipsychotic-induced weight gain in people with schizophrenia
or schizophrenia-like illnesses. All of the included studies were
published between 2002 and 2020 and varied in duration
(interventions ranged from six weeks to six months).

This review found that pharmacological options may oGer promise
in preventing weight gain associated with antipsychotic use. Of the
studied drugs, metformin may be slightly eGective in preventing
weight gain. We are uncertain about the other agents used in a
preventative role because the certainty of evidence is very low.

This review found the medications to have a favourable tolerability
profile; none of the drugs studied had a higher number of dropouts
in the active arm compared with the placebo arm or no treatment.
Moreover, none of the agents had an associated negative impact on
mental state.

The pharmacological interventions with the most evidence and
promise and the specifics of their eGect on weight and other
outcome measures are discussed below.

Treatment e6ects

Metformin verus placebo or no treatment

Used as a first-line antidiabetic agent for more than five decades,
metformin has a very good established safety and tolerability
profile. As a preventative strategy, combined results from five
studies involving 227 participants, show that co-initiation of
metformin treatment along with an antipsychotic may lead to
less weight gain and reduction in BMI. There were no diGerences
between metformin and placebo in terms of number of participants
leaving the study early for any reason. for number of reports of
nausea, or for any mental state outcomes.

Interestingly, only one study included in this comparison was
conducted in first-episode or antipsychotic-naive patients (Wu
2008). The eGect of metformin on weight in this population
appeared to be similar to that observed in more chronic
populations.

Our findings are in line with recent meta-analyses and systematic
reviews that have examined the utility of metformin in the
prevention and treatment of antipsychotic-induced weight gain
(de Silva 2016), or in the context of clozapine use alone (Liu 2015;
Siskind 2016).
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H2 antagonists versus placebo

We included three RCTs that evaluated H2 antagonists as
preventative agents. One examined two doses of nizatidine
(Cavazzoni 2003), one examined famotidine (Poyurovsky 2004),
and one examined ranitidine (Sun 2007). Overall, this medication
class may be slightly eGective in mitigating the amount of weight
gained during antipsychotic treatment. Additionally, there were
no diGerences between H2 antagonists and placebo in terms of
number of participants leaving the study early for any reason
or for number of reports of nausea or other adverse eGects.
However, we need more studies with a greater sample size to
fully understand the eGects of these medications, as the current
certainty of evidence is very low.

Monoamine modulators versus placebo

We included three RCTs that evaluated monoamine modulators as
preventative agents. Two examined reboxetine alone (Poyurovsky
2003; Poyurovsky 2007), and one examined fluoxetine (Poyurovsky
2002). Overall, this class may be eGective in preventing weight
gain. There were no diGerences in the number of dropouts and
frequency of adverse events. Important to note is that all studies
were conducted in populations that were fairly antipsychotic-naive
or in their first episode of psychosis.

Of the pharmacological agents studied in this review that act
on monoamine systems to prevent weight gain in people with
schizophrenia, the most evidence is available for reboxetine.
Two RCTs studied reboxetine's role as an agent for controlling
weight gain. The dose of reboxetine was 4 mg/day in both
studies Reboxetine alone may be eGective in preventing weight
gain with antipsychotics. Reboxetine is a noradrenaline reuptake
inhibitor approved for treating depression. The antidepressant
properties were also evident in our review, where we found the
active groups to score significantly lower on depression-rating
scales. These findings agree with a meta-analysis of the eGect of
noradrenaline reuptake inhibitors such as reboxetine, atomoxetine
and mazindol on various aspects of pathology in schizophrenia
(Kishi 2015). Noradrenaline reuptake inhibitors were found to
decrease depressive symptoms and lower weight, eGects driven
largely by the reboxetine studies.

Topiramate versus placebo or no treatment

We included three RCTs that studied topiramate as a preventative
agent for antipsychotic-induced weight gain in a total of 175
participants (Kim 2006; Liu 2011; Narula 2010). There did not
appear to be an eGect of topiramate in preventing weight gain;
however, two RCTs showed that topiramate (100 mg/d to 200 mg/
d) may prevent increase in BMI following initiation of olanzapine,
and may improve fasting blood glucose levels (Liu 2011; Narula
2010). Both these studies were conducted in an antipsychotic-
naive or first-episode population. There were no diGerences in
the number of dropouts and reports of nausea. Only two of the
included studies reported on physiological laboratory measures
and mental state outcomes (Liu 2011; Narula 2010); therefore, we
judged the certainty of evidence for this comparison to be very low
and the eGects of topiramate on these outcomes are uncertain.
Topiramate may also have favourable eGects on psychopathology,
as demonstrated by improved scores on the PANSS; however,
results of the outcome are uncertain.

Overall, this review is in line with a recent review of topiramate
eGicacy, which had less stringent inclusion criteria and included
all RCTs that involved topiramate use in schizophrenia (Okuyama
2016). They found topiramate to be eGective, but significantly
more participants were found to suGer from paraesthesia and
concentration diGiculties. These side eGects were numerically
more common in our review as well. However, while these are
preliminary findings from small studies, more research needs to be
conducted to better characterise its eGects. Moreover, the cognitive
eGects of topiramate need to evaluated in this population.

Other comparisons: melatonin versus placebo; reboxetine plus
betahistine versus placebo; and olanzapine plus samidorphan
versus olanzapine alone

We found only one study for each of the following interventions:
melatonin versus placebo; reboxetine plus betahistine versus
placebo; and olanzapine plus samidorphan versus olanzapine
alone. Given the limited evidence, we cannot draw any conclusions
for these interventions. We need more RCTs to determine the
treatment eGects with greater certainty.

Melatonin versus placebo

Modabbernia 2014  examined the eGects of melatonin versus
placebo in a group of first-episode or antipsychotic-naive patients.
They found that melatonin may be eGective in limiting weight
gain and increase in BMI and waist circumference. There was also
no significant diGerence between groups in terms of number of
individuals discontinuing or leaving the study early. Melatonin
appeared to have favourable eGects on total cholesterol levels
and PANSS scores. However, there were no significant diGerences
between the two groups in terms of changes in other laboratory
measures (e.g. cholesterol, insulin and blood sugar) or mental state
scores.

Reboxetine plus betahistine versus placebo

Poyurovsky 2013 combined 4 mg/d of reboxetine with 48 mg/d
betahistine. Significantly fewer participants gained more than 5%
and more than 7% of their bodyweight in the reboxetine plus
betahistine group than in the placebo group. There was also less
increase in body weight and BMI in the experimental than placebo
group, with no significant diGerences in mental state outcomes
and adverse events. Betahistine is a histamine enhancer with
H1 agonistic/H3 antagonistic properties. Recent studies in people
with schizophrenia (Barak 2016; Smith 2018), have demonstrated
betahistine to be well-tolerated and eGective in reducing weight
gain following the initiation of olanzapine. Given olanzapine's
strong action on the histaminergic receptors and their probable
importance in relation to weight gain, betahistine seems like an
interesting lead worth pursuing.

Olanzapine plus samidorphan versus olanzapine alone

Correll 2020a  compared the eGectiveness of two doses of the
combination agent olanzapine plus samidorphan (10 mg/10 mg
and 20 mg/10 mg) with olanzapine alone. The chosen doses
represent the lowest and highest approved maintenance dosages
of olanzapine for schizophrenia treatment and the intended
therapeutic fixed dosage of samidorphan that has been determined
to have the most optimal weight and safety profile when combined
with olanzapine. Samidorphan is an opioid receptor antagonist.
This combination agent has recently gained popularity in the USA
following its FDA approval for the treatment of schizophrenia
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and bipolar disorder in adults. Results from this single study
indicated that participants gained less weight on olanzapine plus
samidorphan compared to olanzapine alone. Furthermore, the
risk of clinically significant weight gain (of ≥ 7% and ≥ 10%)
was reduced by 50% relative to olanzapine. Mental state scores
demonstrated similar improvements in both groups, and there was
no significant diGerence between the groups in terms of number of
reported adverse events. These findings are in line with an earlier
study, Martin 2019, that studied the eGicacy of olanzapine plus 5
mg of samidorphan to treat schizophrenia compared to olanzapine
alone (the primary outcome of this study was to determine its
therapeutic eGect on primary symptoms of schizophrenia).

Sensitivity analyses

The results of the outcome 'change in weight' were not much
diGerent in a series of pre-planned sensitivity analyses in which
we excluded studies with high risk of bias regarding blinding or
incomplete outcome data, or when a fixed-eGect model instead of
a random-eGects model was applied. Nevertheless, the statistical
power of these analyses was low.

Overall completeness and applicability of evidence

Extending the previous version of this review (Faulkner 2007),
we were able to include studies that involved people with
schizophrenia from a wide range of settings including both
inpatient and outpatients from North and South America, Europe,
Asia, and Australia. The 15 years since the last version of the review
was published has seen more studies being published overall; the
number of studies that evaluated a pharmacological intervention
for the prevention of antipsychotic-induced weight gain has gone
up to 17, compared to six in the previous review. Taken together,
these studies provide enough information to answer the question
we set out to answer. However, given the low number of studies
for most of the interventions, the low to very low certainty
of evidence limits our ability to draw substantive conclusions.
Another limitation is that there were a few studies for which we
were not able to obtain the full text and therefore could not
include in the meta-analysis. Furthermore, the broad geographical
representativeness of the included studies (we were able to include
studies from each of the continents except Africa), the variety of
clinical settings and disease severity of the included participants
increases the generalisability of the evidence with the obvious
caveat that much more needs to be done before firm conclusions
can be drawn about most of the agents studied in this review.

Quality of the evidence

In this review, we have summarised evidence from 17 double-
blind or open-label RCTs that together studied 1388 individuals
with schizophrenia and related disorders. However, many of the
shortcomings of studies individually and in the field generally that
were identified in the previous version of this review (Faulkner
2007), still apply. For many of the pharmacological comparisons
there was only a single study. Additionally, there was variability
in the dosage of the interventions, study duration and follow-
up, and other essential aspects of methodology. Most studies did
not describe adequate randomisation and blinding procedures,
and not all studies included an ITT analysis. Many studies did
not use structured scales to evaluate side eGects and tolerability
systematically. In addition, while clinical guidelines suggest that
weight loss medications should only be used in combination
with lifestyle counselling, the majority of pharmacological studies

did not include, or did not describe, such a component. Finally,
there was an absence of long-term studies that would allow
for evaluation of longer-term eGectiveness and safety of the
interventions.

We deemed the risk of bias to be high in a large number
of the studies that contributed to this review as they did not
describe essential elements of an RCT in the methods. As such,
we downgraded the certainty of evidence for all outcomes by
one level in most of the comparisons. Additionally, for most of
the comparisons, we downgraded the certainty of the evidence
one level further to 'low', since the total number of participants
included in the comparisons was less than the number of
participants generated by a conventional sample size calculation
for a single, adequately powered study. For several outcomes, in
most comparisons, we downgraded the certainty of evidence by
one further level to 'very low' as the heterogeneity of the results
was quite high making interpretation uncertain. For most agents
analysed in the meta-analysis, interpretation is limited by the small
number of studies and small sample sizes.

Potential biases in the review process

For studies registered yet incomplete due to early termination or
loss to follow-up, we could not obtain any data. Hence, this review
presents a potential bias towards published data. Contributing to
this point is that our search was primarily based on the Cochrane
Schizophrenia Register of Trials, which searches only published
literature. Given the limited number of studies in each comparison,
we could not complete funnel plot analyses to assess publication
bias. Lastly, the majority of comparisons in this review are based
on only one or two studies, thus, the results cannot indicate the
true eGect of the medication. Further studies on a number of
agents giving positive results are warranted before we can draw
firm conclusions.

Agreements and disagreements with other studies or
reviews

Systematic reviews that have examined individual agents that
are included in this meta-analysis have been discussed under
respective sections in the summary of main results, above. This
section discusses other studies or reviews that have dealt with
multiple agents for the purposes of preventing antipsychotic-
induced weight gain. Notably, to the best of our knowledge, only
the previous version of this review (Faulkner 2007), has been
published that compares various pharmacological interventions
in a preventative role. Despite the number of studies that have
been published since examining many other pharmacological
interventions, there has yet to be another review published
comparing the most up-to-date literature. This emphasises the
importance of this present review.

In agreement with Faulkner 2007, which looked at only six RCTs for
the prevention of weight gain in people with schizophrenia, we also
found that there was a significant treatment eGect of adjunctive
pharmacological agents for achieving modest prevention of weight
gain and that this can be achieved in a safe manner. The previous
review asserted that reboxetine and topiramate were eGective
at weight prevention, although this must be interpreted with
caution given only one study was available at the time for each
agent. In contrast, however, the present review, which adds to and
extends the previous pool of evidence, suggests that metformin
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may be the most eGective in modestly preventing weight gain. The
present review also reports on olanzapine plus samidorphan for
the first time, which is a novel combination drug that has received
recent FDA approval for the treatment of schizophrenia and bipolar
disorder in the USA and aims to mitigate the amount of weight gain
experienced with olanzapine. Only one study was available to be
included in this review on this agent, thus the evidence is quite
limited. Nonetheless, it suggests that there is another novel agent
that may be eGective in preventing the risk of clinically significant
weight gain (of ≥ 7% and ≥ 10%) with olanzapine, an antipsychotic
with one of the greatest metabolic liabilities.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

For people with schizophrenia

An increase in weight during treatment with antipsychotics is a
common problem experienced by individuals with schizophrenia.
As a preventative strategy, starting metformin treatment along
with an antipsychotic may lead to lesser weight gain and may
not cause other adverse eGects. Evidence about the use of most
other adjunctive pharmacological agents is limited by the small
number of studies utilising the agents, variability in the studies
testing the same agent, and variability in the duration and intensity
of the studies using the same interventional agent. Individuals
with schizophrenia are advised to seek the support and advice
of their clinical team for weight management and appraising the
evidence in this review, and collaborate with their physician to
decide a mutually acceptable approach to weight gain prevention.
We urge individuals with schizophrenia to work with researchers
and clinicians to help discover better evidence of the eGects of
various interventional agents than is currently available. This is
very important as people with mental illness are systematically
excluded from studies of eGicacy of weight-reducing agents in the
general population.

For clinicians

The evidence for weight prevention interventions is limited for
most of the agents described in this review. Metformin is the only
treatment with some evidence to suggest it may be a well-tolerated
and eGective agent in preventing weight gain when started together
with an antipsychotic. However, it is important to realise that the
first strategy in preventing weight gain is to carefully appraise the
metabolic risks associated with an antipsychotic agent, although
treatment of the mental illness should be prioritised (Faulkner
2007). ThereaPer, the patients, their families and their care circles
should be informed about the metabolic profiles of the prescribed
antipsychotic agents and be given advice regarding maintaining
a healthy lifestyle with adequate diet and exercise. In order to
keep track of an individual's weight and metabolic profile, baseline
and pre-planned monitoring should be conducted as has been
summarised in relevant guidelines. Treatment with weight loss or
weight maintenance-promoting agents, such as metformin, may be
considered to prevent weight gain. Furthermore, as far as possible,
treatment with an interventional agent should be in addition to
lifestyle interventions and not as a substitute for them.

For policy makers

The metabolic disturbance and weight gain that is experienced
in people with schizophrenia is associated with reduced quality

of life, as well as premature morbidity and mortality. In the long
term, the impact of increased obesity rates will cause significant
economic strain. Only modest reductions in weight gain have been
observed with current strategies that aim to prevent weight gain in
people with schizophrenia. As most evidence of pharmacological
agents for preventing weight gain have been reported in short-term
studies, it is imperative that eGectiveness of these interventions is
demonstrated in longer-term studies (longer than six months). At
present, metformin emerges as the only agent that may cause few
adverse eGects and be eGective in preventing weight gain when
started with an antipsychotic. Important to note is that treatment
with any pharmacological agent must always be accompanied by
lifestyle interventions. As individuals with schizophrenia frequently
contact their mental health service providers, it should be noted
that frequent reinforcement may be essential for attaining long-
term adoption of physical activity on a regular basis, as well as
dietary modification. Furthermore, professionals who are trained
to be sensitive and supportive in regard to the mental health-
specific barriers to dietary modification and physical activity can
address these issues in individuals more eGectively (Richardson
2005). The cost-eGectiveness of any of the pharmacological
strategies has not been formally established.

Implications for research

General

Data reporting was not consistent among the studies included in
this review. In order to improve the quality of comparisons, future
studies should follow a standardised method of measuring and
reporting outcomes (Moher 2001).

Specific

Larger randomised controlled trials of longer treatment durations
are required to determine the true eGects of these adjunctive
pharmacological agents for prevention of weight gain in
schizophrenia. The studies that we included in this review were
completed over a short time period (up to six months), and
therefore limit our ability to determine the long-term eGectiveness
of these medications. Moreover, reporting would be more eGicient
if researchers included baseline and final outcomes, along with
their mean diGerences and standard deviations. Binary outcomes
such as the number of participants losing more than 7% of their
initial body weight would also be helpful and easier to interpret.

As noted in the 'Standard care' section (see Types of interventions),
these studies did not explicitly outline what other components
were included in their interventions, beyond the prescribed
medications. Behavioural lifestyle interventions should be used in
all pharmacological studies and should be a part of all arms of the
design. Structured scales should be used for the assessments of
side eGects and medication tolerability. Studies should aim to use
intention-to-treat analysis and describe in detail the interventions
and characteristic of participants who were randomised into the
study as well as those lost to follow-up along with their outcome.
In order to reduce the risk of bias and improve the certainty of
the evidence, study authors should clearly describe the generation
and concealment of participant allocation. Most of our included
studies did not use or describe adequate methods of allocation
concealment. Furthermore, the lack of description or usage of
adequate allocation techniques may influence the degree of
interventional eGects.
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In terms of outcome measures, future studies could add to their
study results by including other measures of body mass, in addition
to body weight and BMI. For instance, waist circumference may be
the single best indicator for cardiovascular risk factors and a good
alternative for identifying the need for weight management.

For a suggested design, please see Table 1.
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Study characteristics

Methods Randomisation: randomised, no other details
Blinding: double-blind

Duration: 12-weeks

Country: Iran

Participants Diagnosis: schizophrenia or schizoaffective disorder

N = 49

Age: 10.09 years (< 20 years)

Sex: male and female

Setting: inpatients

History: < 20 years of age, taking risperidone (2-6 mg/d according to their responses to treatment), cre-
atinine level < 1.4 mg/dL, normal liver function test
Excluded: treatment with antipsychotic earlier, current substance abuse or significant medical illness,
untreated hypertension, history of intolerance to metformin, receiving weight loss agents, glaucoma,
heart disease, abnormal ECG, asthma, combination of antipsychotics, or treatment with anti-migraine
agents containing serotonin agonists

Interventions 1. Metformin (1000 mg/d; started as 500 mg tablet for week 1, with an increase to 500 mg tablets twice
a day) in combination with risperidone (2-6 mg/d); N = 16

2. Placebo (once/d during week 1, with an increase to twice/d after week 1) in combination with risperi-
done (2-6 mg/d); N = 16

Outcomes Able to use:

1. Primary outcome
a. Weight measures

i. Weight

ii. BMI

Unable to use:

1. Secondary outcome
a. Physiological: laboratory measures

i. Fasting blood glucose (data not available)

ii. Complete blood count (data not available)

iii. Creatinine (data not available)

iv. Prolactin level (data not available)

v. Liver function tests (data not available)

Notes 61.4% study completers

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "After completing baseline assessments, the subjects were randomly
assigned to metformin and placebo." Pg 1131

Comment: randomisation methods are unavailable

Arman 2008 
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Allocation concealment
(selection bias)

High risk Comment: information is unavailable. Combined with the lack of details about
randomisation and complete absence of information about allocation con-
cealment, the risk of bias is quite high.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Quote: "...Identical appearing placebo pills..." Pg 1131

Comment 1: the study indicates the presence of identical placebo pills, howev-
er, it is unclear which personnel were blinded in the study.

Comment 2: various adverse effects were reported in the treatment group,
which may have broken blinding.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Information is unavailable

Incomplete outcome data
(attrition bias)
All outcomes

High risk Quote: "17 were excluded due to incomplete use of drugs or side-effects of the
drugs. 2 of these patients have experienced diarrhoea at the second week. 3
patients had nausea and vomiting in metformin group, which were excluded
from study too." Pg 1132

Comment: excluded participants were not included in the analysis, hence only
~62% of the study population was analysed.

Selective reporting (re-
porting bias)

Unclear risk Study protocol is unavailable

Other bias Low risk No obvious bias

Arman 2008  (Continued)

 
 

Study characteristics

Methods Randomisation: randomised, computer-generated

Blinding: double-blind

Duration: 14 weeks

Country: Venezuela

Participants Diagnosis: schizophrenia or schizoaffective disorder (criteria unavailable)

N = 40

Age: 47.65 years

Sex: male and female

Setting: inpatients

History: participants had severe schizophrenia or related disorder who had been stabilised for > 5 years
with conventional antipsychotic drugs.

Excluded: chronic disease and hormone replacement therapy, abnormal physical and lab exam results

Interventions 1. Metformin (850-1750 mg/d) in combination with olanzapine (10 mg/d); N = 20

2. Placebo in combination with olanzapine (10 mg/d); N = 20

Baptista 2006 
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Standard care included maintaining a balanced diet (of 2500-3000 kcal/d)

Outcomes Able to use:

1. Primary outcomes
a. Weight measures

i. Body weight

ii. BMI

iii. Waist circumference

2. Secondary outcomes
a. Mental state

i. BPRS

b. Physiological: laboratory outcomes
i. Glucose (basal, post-load)

ii. Insulin (basal)

iii. HOMA-IR

iv. TGS

v. Total cholesterol

vi. LDL cholesterol

vii.HDL cholesterol

vi-
ii.

VLDL cholesterol

Notes A balanced diet, 2500 to 3000 KCal/d was provided

92.5% study completers

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "...the computer-based random allocation of patients to either the
Olanzapine (10mg daily at bedtime) plus Metformin group (850 to 1750 mg dai-
ly, N =20) or the Olanzapine plus placebo group ..." Pg 193

Allocation concealment
(selection bias)

Low risk Quote: "...the computer-based random allocation of patients to either the
Olanzapine (10mg daily at bedtime) plus Metformin group (850 to 1750 mg dai-
ly, N =20) or the Olanzapine plus placebo group ..." Pg 193

Comment: as a computer-generated program is used for treatment assign-
ment, likely low risk of selection bias

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Blinding methods (e.g. use of identical placebo pills) not mentioned

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not enough information provided to assess the risk of detection bias.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Quote: "Two patients taking placebo and one taking Metformin dropped out of
the study owing to change in residence" Pg 193

Comment: valid dropout reasons. No other dropouts

Selective reporting (re-
porting bias)

Low risk Have reported on all outcomes mentioned in the 'Methods' section.

Baptista 2006  (Continued)
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Other bias Low risk No obvious bias

Baptista 2006  (Continued)

 
 

Study characteristics

Methods Randomisation: randomised, no other details

Blindness: double-blind

Duration: 16 weeks

Country: USA

Participants Diagnosis: DSM-IV schizophrenia, schizoaffective or schizophreniform disorder

N = 175

Age: 18-65 years

Sex: male and female

Setting: in- or outpatients

History: participants had fairly chronic disease, with a mean of ~14 years since onset.

Excluded: treatment with any atypical antipsychotics or other drugs with central nervous system activ-
ity within the past 3 months, known physical illness that could affect body weight loss programme, or
had a BMI of ≥ 40 or weight ≥ 250 pounds (114 kg)

Interventions 1. Nizatidine (600 mg/d, as 300 twice/d) in combination with olanzapine (5-20 mg); N = 57

2. Nizatidine (300 mg/d, as 150 twice/d) in combination with olanzapine (5-20 mg); N = 56

3. Placebo in combination with olanzapine (5-20 mg); N = 28

Outcomes Able to use:

1. Primary outcome
a. Weight measures

i. Change in body weight

2. Secondary outcome
a. Mental state

i. BPRS

b. Adverse events (% of participants that experienced adverse events)
i. Somnolence

ii. Increased appetite

iii. Dizziness

iv. Headache

v. Dry mouth

vi. Anxiety

vii.Nausea

vi-
ii.

Depression

Unable to use:

1. SAS (complete data not available)

Cavazzoni 2003 
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Notes 96.6% study completers

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "...all eligible patients...were randomised to receive placebo (Plc), 150
mg nizatidine b.i.id (Niz 150), or 300 mg nizatidine b.i.d (Niz 300)." Pg 82

Comment: randomisation methods are unavailable

Allocation concealment
(selection bias)

High risk Information is unavailable. The risk of bias is cumulatively judged to be high
as important information regarding randomisation, allocation concealment,
blinding, and attrition has not been provided.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Information on identical placebo pills and which personnel were blinded is un-
available.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Information is unavailable

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Quote: "The analysis included 169 patients since their measurement of change
in weight from baseline was available" Pg 82

Comment: although > 90% of the study population is analysed, it is unclear
what proportion of the individuals in the study were completers. Moreover, the
method for filling the missing data is unavailable

Selective reporting (re-
porting bias)

Unclear risk Study protocol is unavailable

Other bias Low risk No obvious bias

Cavazzoni 2003  (Continued)

 
 

Study characteristics

Methods Randomisation: randomised, no other details

Blindness: double blind.

Duration: 24 weeks

Country: USA

Participants Diagnosis: DSM-5 criteria for schizophrenia.

N = 561

Age: 18-55 years

Sex: male and female

Setting: no details

Correll 2020a 
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Excluded: history of treatment-resistant schizophrenia, 1 year elapsed since initial onset of symp-
toms, naive to antipsychotic medication, active alcohol or substance use disorders (excluding mari-
juana/tetrahydrocannabinol), or any clinically significant or unstable medical illness (e.g. diabetes, hy-
po- or hypertension, thyroid dysfunction, and history of seizure disorder or brain tumour) that might
compromise patient safety or study endpoint assessments or interfere with the ability to fulfil study
requirements. Opioid agonist use within 14 days of screening, opioid antagonist use within 60 days of
screening, or anticipated need for opioid treatment during the study were exclusionary, as was the use
of the olanzapine in the 60 days before screening.

Interventions 1. Olanzapine (10 mg)/samidorphan (10 mg)

2. Olanzapine (20 mg)/samidorphan (10 mg)

3. Olanzapine alone

Outcomes Able to use:

1. Primary outcome
a. Weight measures

b. Change in body weight from baseline at week 24

c. Proportion of participants with ≥10% weight gain from baseline at week 24

2. Secondary outcome
a. Weight measures

i. Proportion of participants with ≥ 7 weight gain at week 24

3. Other
a. Physiological: laboratory measures

i. TGS

ii. Cholesterol

iii. Glucose

iv. Insulin

v. HbA1

b. Mental state
i. Columbia-Suicide Severity Rating Scale

ii. PANSS

iii. CGI-S

4. Adverse events
a. Abnormal Involuntary Movement Scale

b. SAS

c. BAS

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Randomisation methods not reported

Allocation concealment
(selection bias)

Unclear risk Allocation concealment not indicated

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Double-blind

Correll 2020a  (Continued)
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Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Outcome unlikely to be biased by blinding

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk > 20% dropout in both groups (35.8% in olanzapine/samidorphan group and
36.2% in olanzapine only group). Missing weight assessments were imputed by
multiple imputation sequentially for each visit, using a regression method.

Selective reporting (re-
porting bias)

Low risk No evidence of selective reporting upon comparison with protocol

Other bias Low risk No other bias detected

Correll 2020a  (Continued)

 
 

Study characteristics

Methods Randomisation: randomised, no other details
Blinding: open-label

Duration: 12 weeks

Participants Diagnosis: DSM-IV criteria for schizophrenia
N = 14
Age: 18–55 years
Sex: male

Setting: outpatients
History: treated with a second-generation antipsychotic for at least 8 weeks, with the same dose for at

least 4 weeks; clinically stable; and to have a BMI ≥ 30 kg/m2, or ≥ 27 kg/m2 plus adult treatment; panel
III hyperlipidaemia or hypertriglyceridaemia
Excluded: diagnosis of DSM-IV substance abuse within the last month or DSM-IV substance
dependence within the last 6 months; cannabis use more than once weekly; Calgary Depression Rating
Scale (CDS) total score > 7; suicidality or hospitalisation for depression in prior 6 months; the use of any
medication known to alter weight or appetite; and pregnant or nursing women

Interventions 1. Topiramate 25 mg twice/d, increased to 50 mg twice/d. on d 8; N = 25

2. Control group; N = 23

Both groups on olanzapine, 10 mg/d, increasing but not to exceed 20 mg/d

Outcomes Able to use:

1. Primary outcome
a. Weight measures

i. Change in body weight

2. Secondary outcome
a. Mental state

i. PANSS

b. Adverse events
i. Insomnia

Notes  

Risk of bias

Kim 2006 
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Randomisation methods not reported

Allocation concealment
(selection bias)

High risk Allocation concealment not indicated; open-label study

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Open-label

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Weight outcomes unlikely to be biased by blinding

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Data were analysed in accordance with ITT methodology

Selective reporting (re-
porting bias)

Low risk Primary outcome measure was reported

Other bias Low risk No obvious bias

Kim 2006  (Continued)

 
 

Study characteristics

Methods Randomisation: randomised, no other details
Blinding: no details

Duration: 12 weeks

Participants Diagnosis: ICD-10 criteria for first-episode schizophrenia
N = 60
Age: 18–40 years
Sex: male and female

Setting: inpatients
History: adult with first-episode schizophrenia admitted to hospital with an ICD-10 diagnosis of schizo-
phrenia. Informed consent given by guardian or substitute decision maker
Excluded: use of atypical antipsychotics or other central nervous system drugs in the past 3 months;
smokers or drinkers; pregnant women; currently participating in or have participated in a clinical study

in the past 3 months; BMI > 30 kg/m2; medical conditions or drug allergies

Interventions 1. Olanzapine alone (10-20 mg/d)

2. Olanzapine (10-20 mg/d) + topiramate (100-200 mg/d)

Outcomes Able to use:

1. Weight measures
a. Body weight

b. BMI

2. Physiological: laboratory measures

Liu 2011 
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a. Fasting blood glucose

b. HDL-cholesterol

c. LDL-cholesterol

d. TGS

e. Total cholesterol

3. Mental state
a. PANSS (total, positive, negative, general)

4. Adverse events
a. Fatigue

b. Dizziness

c. Dry mouth

d. Nausea

e. Increased weight

f. Increased appetite

g. Difficulties with concentration/attention

Notes Translated from Chinese as best possible using Google translate app.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Randomisation methods unclear.

Allocation concealment
(selection bias)

Unclear risk Allocation concealment methods unclear.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Blinding of participants and assessors unclear.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Outcomes unlikely to be biased by blinding.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Quote: "53 cases completed 12 weeks of treatment (27 cases in the experimen-
tal group, 26 cases in the control group)." < 20% dropout in full sample.

Selective reporting (re-
porting bias)

Low risk No protocol, however, measures are objective and therefore risk of bias low.

Other bias Unclear risk Difficult to determine given language constraints.

Liu 2011  (Continued)

 
 

Study characteristics

Methods Randomisation: randomised, blocked procedures

Blinding: double-blind, participant, caregiver, investigator, outcomes assessor

Duration: 8 weeks

Modabbernia 2014 
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Country: Iran

Participants Diagnosis: schizophrenia (DSM IV-TR and SCID-1)

N = 48

Age: 18-65 years

Sex: male and female

Setting: academic psychiatric hospital (Shafa Hospital, affiliated with Guilan University of Medical
Sciences, Rasht, Iran)

Excluded: married women who were at reproductive age (unless they used a reliable non-hormonal
contraception method), history of taking olanzapine in the recent 3 months, history of allergy or intol-
erance to olanzapine, history of significant head trauma (causing loss of consciousness > 5 min or neu-
rological or cognitive sequels), liver and kidney impairment, symptomatic cerebrovascular or cardio-
vascular disease, diabetes mellitus, metabolic syndrome (based on National Heart, Lung, and Blood In-
stitute/American Heart Association definition), cancer, use of antiepileptic, antihypertensive, anticoag-
ulant, or antiplatelet drugs, using inhibitors or stimulants of hepatic isoenzymes that metabolise mela-
tonin or olanzapine (e.g. omeprazole, rifampin, fluvoxamine, ciprofloxacin, carbamazepine, modafinil),
delirium, need for administration of other antipsychotics, and addictive disorders

Interventions 1. Olanzapine + melatonin (3 mg)

2. Olanzapine + placebo

Standard care included sleep-enhancing agents

Outcomes Able to use:

1. Primary outcomes
a. Weight measures

i. Change in body weight

2. Secondary outcomes
a. Weight measures

i. Anthropometric measures (waist circumference, hip circumference, waist/hip ratio)

b. Physiological: cardiovascular measures
i. Blood pressure

c. Physiological: laboratory measures
i. Insulin

ii. Fasting blood glucose

iii. HOMA-IR

iv. HDL-cholesterol

v. LDL-cholesterol

vi. TGS

vii.Total cholesterol

d. Mental state
i. PANSS (total, positive, negative, general)

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Patients were randomly assigned to 2 groups by blocked randomisation proce-
dures

Modabbernia 2014  (Continued)
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Allocation concealment
(selection bias)

Unclear risk Allocation concealment not indicated

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Double-blind (participant, caregiver, investigator, outcomes assessor)

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Outcome unlikely to be biased by blinding.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No loss to follow-up suggested; all participants in both arms completed the
study

Selective reporting (re-
porting bias)

Low risk There is no evidence of selective reporting upon comparing clinical trial reg-
istry information with the published study.

Other bias Low risk No obvious bias

Modabbernia 2014  (Continued)

 
 

Study characteristics

Methods Randomisation: randomised, no other details

Blinding: double-blind, no other details

Duration: 12 weeks

Country: India

Participants Diagnosis: WHO ICD-10 schizophrenia

N = 72

Age: 18-65 years, mean: 31.1 years

Sex: male and female

Setting: inpatients or outpatients

History: drug-naive, first-episode schizophrenia

Excluded: history of any other neuropsychiatric illness; use of SSRIs, mood stabilisers or any other
weight-influencing drug; substance abuse diagnosis in last 3 months; significant medical disorder;
pregnancy

Interventions 1. Topiramate (started at 50 mg/d, increased and maintained at 100 mg/d after 1st week) in combination
with flexible olanzapine dose (5-20 mg/d); N = 33

2. Placebo in combination with flexible olanzapine dose (5-20 mg/d); N = 34

Outcomes Able to use:

1. Primary outcome
a. Weight measure

i. Body weight

Narula 2010 

Pharmacological interventions for prevention of weight gain in people with schizophrenia (Review)

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

64



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

ii. BMI

b. Physiological: laboratory outcome

c. Fasting blood glucose

d. Fasting serum lipids

e. TGS

f. Total cholesterol

g. LDL-cholesterol

h. HDL-cholesterol

i. VLDL-cholesterol

j. Serum insulin

k. Serum leptin

l. HOMA-IR

2. Secondary outcome
a. Mental state

i. PANSS (total, positive, negative, general)

b. Physiological: cardiovascular measure
i. Systolic blood pressure

ii. Diastolic blood pressure

c. Adverse events
i. Increased appetite (no. of events)

ii. Somnolence (no. of events)

iii. Insomnia (no. of events)

iv. Asthenia (no. of events)

v. Constipation (no. of events)

vi. Dry Mouth (no. of events)

vii.Dizziness (no. of events)

vi-
ii.

Fatigue (no. of events)

ix. Paresthesia (no. of events)

x. Nausea/vomiting/diarrhoea (no. of events)

xi. Concentration/attention/memory difficulty (no. of events)

xii.Psychomotor slowing (no. of events

Notes 93-94.4% study completers

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "[Participants] were randomly assigned"

Comment: no specific method of blinding offered

Allocation concealment
(selection bias)

High risk No specific discussion of allocation concealment. Combined with lack of de-
tails about allocation concealment and blinding, the cumulative risk of bias is
likely to be high.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk No specific discussion of blinding of participants

Blinding of outcome as-
sessment (detection bias)

Unclear risk No specific discussion of outcome assessment

Narula 2010  (Continued)
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All outcomes

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No bias in attrition during study

Selective reporting (re-
porting bias)

Low risk No protocol, however, measures are objective and therefore risk of bias low

Other bias Low risk No obvious bias

Narula 2010  (Continued)

 
 

Study characteristics

Methods Randomisation: randomised, no other details

Blinding: double-blind, no other details

Duration: 8 weeks

Country: Israel

Participants Diagnosis: DSM-IV schizophrenia

N = 30

Age: 25.5 years

Sex: male and female

Setting: inpatients

History: < 4 weeks of antipsychotics exposure

Excluded: unco-operative, aggressive, and suicidal patients and patients with medical illnesses that
could affect body weight

Interventions 1. Fluoxetine (20 mg/d) in combination with olanzapine (10 mg/d); N = 15

2. Placebo in combination with olanzapine (10 mg/d); N = 15

Outcomes Able to use

1. Primary outcomes
a. Weight measures

b. Mean body weight (completers data only)

c. Average change in body weight (ITT analysis of data from all participants randomised)

d. BMI

2. Secondary outcomes
a. Mental state

b. SAPS

c. SANS

d. SAPS/SANS Dimensions (positive, negative, disorganised)

e. HAM-D

Notes Performed ITT analysis including dropouts.

Poyurovsky 2002 
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74.2% study completers

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Information is unavailable

Allocation concealment
(selection bias)

Unclear risk Information is unavailable

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Information is unavailable

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Information is unavailable

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Quote: "Six subjects withdrew from the study within the first 4 weeks because
of lack of response (2 patients receiving fluoxetine) and psychotic exacerba-
tion (2 fluoxetine and 2 placebo patients)." Pg 1058

Comment: only 80% of the study population completed the study, which may
effect results due to the small sample size (N = 31), however, ITT analyses re-
ported by the study authors provides similar results as study completers.

Selective reporting (re-
porting bias)

Unclear risk Study protocol is unavailable

Other bias Low risk No obvious bias

Poyurovsky 2002  (Continued)

 
 

Study characteristics

Methods Randomisation: randomised, random numbers table

Blinding: double-blind, no other details

Duration: 6 weeks

Country: Israel

Participants Diagnosis: DSV-IV schizophrenia

N = 26

Age: 30.55 years

Sex: male and female

Setting: inpatients

History: participants had < 4 weeks of antipsychotic drug exposure in the preceding 6 months, no previ-
ous olanzapine treatment, recommendation for olanzapine treatment by treating physician

Poyurovsky 2003 
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Excluded: specific details are not available

Interventions 1. Reboxetine (4 mg/d, as 2 mg twice daily) in combination with fixed-dose olanzapine (10 mg); N = 13

2. Placebo with fixed- dose olanzapine (10 mg); N = 13

Outcomes Able to use:

1. Primary outcome
a. Weight measure

i. Body weight

ii. Change in body weight

2. Secondary outcome
a. Weight measure

i. BMI

ii. Change in BMI

b. Mental state
i. SAPS

ii. SANS

iii. CGI

iv. HAM-D

c. Adverse effects (number of incidences)
i. BAS

ii. SAS

Notes Meals were served 3 times/d, and participants were not placed on a special diet or physical exercise
programme for weight reduction

77% study completers

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The participants were allocated according to entries on a table of ran-
dom numbers to receive..." Pg 298

Allocation concealment
(selection bias)

Unclear risk Information is unavailable

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Indication of identical placebo pills is absent, and information on which per-
sonnel was blinded is unavailable

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "All weight measurements were performed by a research nurse who
was blind to the patients' treatment assignment" Pg 298

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Quote: "Six of the 26 study patients (three in each group) withdrew during first
week (before the second assessment) because of agitation that could have
been related to the switch from typical antipsychotics to olanzapine." Pg 299

Comment: the study authors have analysed only ~70% of the study popula-
tion's data. However, number and reasons from dropouts are similar in both
groups.

Poyurovsky 2003  (Continued)
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Selective reporting (re-
porting bias)

Unclear risk Study protocol is unavailable

Other bias Low risk No obvious bias

Poyurovsky 2003  (Continued)

 
 

Study characteristics

Methods Randomisation: randomised, no other details

Blinding: double-blind, no other details

Duration: 6 weeks

Country: Israel

Participants Diagnosis: DSM-IV schizophrenia

N = 14

Age: no details.

Sex: male and female

Setting: inpatients

History: patients hospitalised for a first episode of acute psychosis.

Excluded: major mood disorders, substance-induced psychoses, medical illness that could affect body

weight (e.g. diabetes mellitus, hypothyroidism), patients with BMI ≥ 30 kg/m2

Interventions 1. Famotidine (40 mg/d) in combination with olanzapine (10 mg/d); N = 7

2. Placebo in combination with olanzapine (10 mg/d); N = 7

Outcomes Able to use:

1. Primary outcome
a. Weight measures

i. Body weight

ii. BMI

2. Secondary outcome
a. Mental state

i. CGI

ii. SAPS

iii. SANS

iv. SAS

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Information is unavailable

Poyurovsky 2004 
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Allocation concealment
(selection bias)

High risk Information is unavailable. The risk of bias is cumulatively judged to be high
as important information regarding randomisation, allocation concealment,
blinding, and attrition has not been provided

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Information is unavailable

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "All weight measurements were performed by a research nurse blinded
to the patient's treatment assignment." Pg 333

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Quote: "All participants completed the 6-week trial" Pg 333

Selective reporting (re-
porting bias)

Unclear risk Study protocol is unavailable

Other bias Low risk No obvious bias

Poyurovsky 2004  (Continued)

 
 

Study characteristics

Methods Randomisation: randomised, random numbers table

Blinding: double-blind, no other details

Duration: 6 weeks

Country: Israel

Participants Diagnosis: DSM-IV schizophrenia or schizophreniform disorder

N = 59

Age: 29.9 years

Sex: male and female

Setting: inpatients

History: participants had none or < 4 weeks of antipsychotic drug exposure and a recommendation for
olanzapine treatment by the treating physician.

Excluded: major mood disorder, aggressive or suicidal behaviour, medical illness that could affect body

weight (e.g. diabetes mellitus and hypothyroidism) and obesity (BMI > 30 kg/m2)

Interventions 1. Reboxetine (4 mg/d as 2 mg doses twice daily) in combination with fixed-dose olanzapine (10 mg/d);
N = 31

2. Placebo (twice daily) in combination with fixed-dose olanzapine (10 mg/d); N = 28

Outcomes Able to use:

1. Primary outcomes
a. Weight measure

Poyurovsky 2007 
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i. Body weight

ii. Change in body weight

b. Other extractable outcomes
i. Change in appetite

2. Secondary outcomes
a. Weight measure

i. BMI

ii. Change in BMI

b. Mental state
i. Change in SAPS

ii. Change in SANS

iii. Change in CGI

iv. Change in HAM-D

c. Extrapyramidal symptoms
i. Change in SAS

ii. Change in BAS

Unable to use:

1. Laboratory test (data not available)

2. ECG (data not available)

3. Drug screening test (data not available)

Notes None of the participants were placed on a special diet or physical exercise programme for weight re-
duction.

69.5% study completers

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The participants were allocated according to entries on a table of ran-
dom numbers to receive..." Pg 442

Allocation concealment
(selection bias)

Unclear risk Information is unavailable

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "All the study medications were dispensed in identical capsules, and
patients received two capsules per day." Pg 443

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "All weight measurements were performed by a research assistant
blinded to the patient's treatment assignment." Pg 443

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Quote: "The primary statistical analysis was by intention to treat and included
all randomised participants." Pg 443

Quote: "Nine patients in each group discontinued the study medication..." Pg
444

Comment: > 90% of the data was analysed with ~70% study completers using
an ITT analysis

Selective reporting (re-
porting bias)

Unclear risk Study protocol is unavailable

Poyurovsky 2007  (Continued)

Pharmacological interventions for prevention of weight gain in people with schizophrenia (Review)

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

71



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Other bias Low risk No obvious bias

Poyurovsky 2007  (Continued)

 
 

Study characteristics

Methods Allocation: randomised, no other details

Blindness: double-blind, no other details

Duration: 6 weeks

Country: Israel

Participants Diagnosis: DSM-IV schizophrenia or schizophreniform disorder

N = 43.

Age: 32.1 years

Sex: male and female

Setting: inpatients

History: first-episode drug-naive participants for whom olanzapine was indicated were included in the
study; participants had no exposure to antipsychotic agents or < 4 weeks of exposure to antipsychotic
drugs. They were also recommended for olanzapine treatment by the treating physician.

Excluded: participants with obesity (BMI ≥ 30 mg/m2), affective disorders, aggressive or suicidal behav-
iour were excluded. Also, individuals who had medical illness that could affect body weight (e.g. dia-
betes mellitus and hypothyroidism) or were taking anti-depressants or mood stabilisers were excluded

Interventions 1. Reboxetine (8 mg/d, as 4 mg twice daily) plus betahistidine (144 mg/d, as 48 mg 3 times daily) in com-
bination with olanzapine (10 mg/d); N = 29

2. Placebo in combination with olanzapine (10 mg/d); N = 14

Outcomes Able to use:

1. Primary outcome
a. Weight measures

i. Body weight

ii. Change in body weight

iii. Change in BMI

iv. BMI

v. Proportion of participants who gained 7% of their initial body weight

2. Secondary outcome
a. Mental state

i. SAPS

ii. Change in SAPS

iii. SANS

iv. Change in SANS

v. CGI

vi. Change in CGI

vii.HAM-D

vi-
ii.

Change in HAM-D

b. Adverse events

Poyurovsky 2013 
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i. BAS

ii. Change in BAS

iii. SAS

iv. Change in SAS

v. Insomnia (no. of people that required medication)

vi. Anticholinergics (no. of people that required medication)

c. Physiological: cardiovascular measure
i. Change in systolic blood pressure

ii. Change in diastolic blood pressure

iii. Change in pulse rate

Notes Participants were not placed on a special diet or physical exercise programme for weight reduction.

74.4% study completers

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The participants were allocated according to entries on a table of ran-
dom numbers" Pg 617

Comment: randomisation achieved using table of random number hence low
risk of bias.

Allocation concealment
(selection bias)

Unclear risk Unclear reporting of allocation concealment.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "All study medications were dispensed in identical capsules, and all pa-
tients received three capsules per day. Clinical and research staG and patients
were unaware of and could not determine the study drug assignment by ap-
pearance or otherwise" Pg 617

Comment: identical placebo pills were used and adverse effects were similar
across groups hence likely a low risk of bias.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Information is unavailable.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Quote: "Using intent-to-treat analysis and LOCF as a method of imputation
of the missing data, we found that reboxetine/ betahistine co-administration
with olanzapine resulted in significantly less weight gain compared to olanza-
pine placebo treatment as reflected in a mean between-group difference of
2.75 kg by the end of the trial." Pg 620

Comment: LOCF and ITT were used however it is unclear whether all ran-
domised individuals were included in analysis and how much data was imput-
ed.

Selective reporting (re-
porting bias)

Low risk Measures relevant to the primary outcome were reported

Other bias Low risk No obvious bias.

Poyurovsky 2013  (Continued)
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Study characteristics

Methods Randomisation: randomised, computer-generated

Blinding: double-blind, no other details

Duration: 24 weeks
Country: no details

Participants Diagnosis: schizophrenia, schizoaffective disorder, bipolar disorder, major depression with psychotic
features

N = 25

Age: ≥ 18 years

Sex: male and female

Setting: in- and outpatients

Excluded: patients with history of diabetes mellitus or a baseline fasting blood glucose level > 126 mg/
dL, or 2 random blood glucose levels > 200 mg/dL, or a blood glucose level > 200 mg/dL on a 2-h oral
glucose tolerance test (OGTT); haemoglobin A1c (HbA1c) > 7.0%; baseline serum glutamic oxaloacetic
transaminase, serum glutamic pyruvic transaminase, or alkaline phosphatase > 3 times the normal; al-
cohol dependence
or abuse; abnormal kidney function as measured by the Modification of Diet in Renal Disease < 60
mL/1.73 m2 (as an estimation of glomerular filtration rate); unstable medical problems in the opinion
of the primary investigators; QTc prolongation > 430 ms on baseline ECG; history of lactic acidosis or
hypoglycaemia; current treatment with antidiabetic agents; treatment with antihyperlipidaemic agents
within 3 months of randomisation (to better assess the impact of metformin on lipid profile); concur-
rent treatment with an antipsychotic other than olanzapine; administration of oral corticosteroids; cur-
rent treatment with topiramate, phentermine, sibutramine, orlistat, or other over-the-counter weight-
loss agent; or patients with active homicidal or suicidal ideation; urine pregnancy test was used to ex-
clude pregnant women; patients on lithium or thyroid replacement therapy or with documented thy-
roid disease underwent serum thyroid-stimulating hormone testing - those with abnormal values were
excluded.

Interventions 1. Olanzapine + metformin (metformin extended release was titrated to 2000 mg daily as tolerated); N
= 12

2. Olanzapine + placebo; N = 13

Outcomes Able to use:

1. Primary outcomes
a. Weight measures

i. Changes in body weight

ii. Changes in BMI

iii. Percent weight change within and between groups

b. Physiological: laboratory measures
i. HOMA-IR

2. Secondary outcomes
a. Weight measures

i. Change in waist circumference

b. Physiological: laboratory measures
i. Fasting blood glucose

ii. HbA1c

iii. Fasting lipid profile

Notes  

Rado 2016 
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participants were randomly assigned (without any restriction or stratification)
through a computer-based algorithm to 1 of 2 treatments (olanzapine plus
metformin or olanzapine plus placebo)

Allocation concealment
(selection bias)

Low risk Quote: "Metformin and placebo medications were identical in appearance and
were provided in coded containers by a separate research pharmacy for each
patient according to their randomisation assignment."

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Participants were randomised in double-blind fashion

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Outcome unlikely to be biased by blinding

Incomplete outcome data
(attrition bias)
All outcomes

Low risk In the olanzapine/metformin group, 1 dropout was for drowsiness, and the
other was for insomnia. No dropouts occurred in the olanzapine/placebo
group

Selective reporting (re-
porting bias)

Low risk Measures relevant to the primary outcome were reported

Other bias Low risk No obvious bias

Rado 2016  (Continued)

 
 

Study characteristics

Methods Randomisation: randomised, digital table

Blinding: double-blind, participant, investigator

Duration: 10 weeks
Country: no details

Participants Diagnosis: schizophrenia (CCMD-3)

Age: 19-48 years

Sex: male and female

Setting: no details

Excluded: nervous system disorders and other mental illnesses; obesity disorders, history of diabetes,
hypertension, heart disease; drug or alcohol dependence

Interventions 1. Ranitidine (300 mg/d) + olanzapine; N = 33

2. Placebo + olanzapine; N = 32

Outcomes Able to use:

Sun 2007 
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1. Primary outcomes
a. Weight measures

i. Body weight

ii. BMI

iii. Waist circumference

iv. Waist to hip ratio

b. Mental state
i. PANSS

Notes This study was translated from Chinese using an app

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation using digital table method

Allocation concealment
(selection bias)

Unclear risk Allocation concealment not indicated

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Double-blind (participant, investigator)

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Outcome unlikely to be biased by blinding

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Loss to follow-up not indicated

Selective reporting (re-
porting bias)

Low risk Study protocol unavailable, but all metabolic measures indicated in methods
section were reported on

Other bias Low risk No obvious bias

Sun 2007  (Continued)

 
 

Study characteristics

Methods Randomisation: randomised, computer-generated

Blinding: open-label, no other details

Duration: 24 weeks
Country: no details

Participants Diagnosis: first episode schizophrenia patients (DSM-IV)

N = 96

Age: 18-40 years

Sex: male and female

Vishnupriya 2016 
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Setting: no details

History: on treatment with risperidone 2 mg twice/d for ≥ 2 months

Excluded: unco-operative and aggressive patients; patients with suicidal tendency; pregnant and lac-
tating women; patients with history of liver disease, renal disease, cardiovascular disease, diabetes
mellitus, hypertension, dyslipidaemia, substance abuse,seizure disorder, malignancy; patients with di-
agnosis other than schizophrenia; patients with mental retardation; patients taking other drugs that
may affect body weight (carbamazepine, lithium, and topiramate, antidepressants, valproate and hor-
mone replacement therapy); patients on a special diet and who do exercise for weight loss

Interventions 1. Group 1: participants were given risperidone 2 mg alone, orally, twice daily after food; N = 48

2. Group 2: participants were given metformin 500 mg orally, twice daily after food + risperidone; N = 48

Outcomes Able to use:

1. Primary outcomes
a. Proportion of patients is developing metabolic syndrome at the end of 6 months in both groups

2. Secondary outcomes
a. Weight measures

i. Waist circumference

ii. BMI

b. Physiological: laboratory measures
i. Fasting blood glucose

ii. TGS

Notes We contacted study authors to obtain additional data on body weight and laboratory measures that
were not included in the published paper. We did not receive a response from them.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participants who were initiated on risperidone 2 mg orally twice daily for ≤ 2
months for first-episode schizophrenia were randomised using computer-gen-
erated table into 2 groups

Allocation concealment
(selection bias)

High risk No allocation concealment mentioned, however, the open-label nature of the
study puts it at high risk.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Open-label study

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Outcome unlikely to be biased by blinding

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All the participants completed the study, and the results were analysed.

Selective reporting (re-
porting bias)

Low risk Study protocol unavailable, but all outcomes indicated in the methods section
were reported on.

Other bias Low risk No obvious bias

Vishnupriya 2016  (Continued)
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Study characteristics

Methods Randomisation: randomised, computer-generated
Blinding: double-blind
Duration: 12 weeks

Country: China

Participants Diagnosis: DSM-IV schizophrenia

N = 40

Age: 18-50 years; mean: 25.1 years

Sex: male and female

Setting: inpatients

History: first-episode psychotic, no use of any antipsychotic or recreational drugs for at least 3 months
before enrolment

Excluded: pregnant or lactating women, patients with mental retardation, addictive disorder, specific
systemic disease, other medical condition e.g. diabetes mellitus, dyslipidaemia, cardiovascular disor-
der, hypertension

Interventions 1. Metformin (750 mg/d; as 250 mg 3 times/d) in combination with olanzapine (15 mg/d); N = 18

2. Placebo (3 times/d) in combination with olanzapine (15 mg/d); N = 18

Standard care included providing lifestyle counselling to patients.

Outcomes Able to use:

1. Primary outcomes
a. Weight measures

i. Change in body weight

ii. Change in BMI

iii. Change in waist circumference

iv. Change in waist-to-hip ratio

v. Proportion of participants who gained > 7% of their body weight at 3 months

b. Physiological: laboratory measures
i. Change in fasting glucose

ii. Change in insulin

iii. Change in HOMA-IR

2. Secondary outcomes
a. Mental state

i. SAPS

ii. SANS

iii. Adverse events (number of people who developed nausea)

Unable to use:

1. Lactic acid (data not available)

2. Liver (data not available)

3. Renal function (data not available)

4. Blood counts (data not available)

5. ECG (data not available)

Wu 2008 
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Notes Only completer data are provided, however study authors did an ITT analysis which was found to have
similar results. 92.7% study completers.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Participants were randomly assigned through a computer generated
table..." Pg 353.

Allocation concealment
(selection bias)

Low risk Quote: "To ensure concealment of the randomisation, which was conducted
independently of the investigators by a research pharmacist at a separate fa-
cility, medication was provided in coded containers containing the identical
appearing pills of metformin or placebo supplies by manufacturer." Pg 353.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Identical appearing placebo pills were used and incidence of adverse effects
were similar in both study groups.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Information is unavailable.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk >90% of the study population is analysed, with 92.5% study completers.

Selective reporting (re-
porting bias)

Unclear risk Study protocol is unavailable.

Other bias Low risk No obvious bias.

Wu 2008  (Continued)

BAS: Barnes Akathisia Scale; BMI: body mass index; BPRS: Brief Psychiatric Rating Scale; CCMD-3: Chinese Classification of Mental
Disorders; CGI: Clinical Global Impressions Scale; DSM-IV: Diagnostic and Statistics Manual - Fourth Edition; ECG: electrocardiogram; FBS:
fasting blood sugar; HAM-D: Hamilton Depression Scale; HDL: high-density lipoprotein; HOMA-IR: Homeostatic Model Assessment for
Insulin Resistance; ITT: intention-to-treat; LDL: low-density lipoprotein; PANSS: Postitive and Negative Symptom Scale; SANS: Scale for the
Assessment of Negative Symptoms; SAPS: Scale for the Assessment of Positive Symptoms; SAS: Sedation-Agitation Scale; SSRI: selective
serotonin reuptake inhibitors; TGS: triglycerides; VLDL: very low-density lipoprotein
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Adams 2013 Allocation: randomised

Participants: people with schizophrenia

Interventions: not a prevention study

Agahi 2017 Allocation: randomised

Participants: people with schizophrenia

Interventions: not a prevention study

Agarwal 2019 Allocation: randomised
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Study Reason for exclusion

Participants: people with schizophrenia (with early co-morbid diabetes or prediabetes)

Interventions: not a prevention study

Assuncao 2006 Allocation: randomised

Participants: people with schizophrenia

Interventions: not a prevention study

Atmaca 2003 Allocation: randomised

Participants: people with schizophrenia on olanzapine monotherapy

Interventions: not a prevention study

Atmaca 2004 Allocation: randomised

Participants: people with schizophrenia on quetiapine monotherapy

Interventions: not a prevention study

Ball 2011 Allocation: randomised

Participants: people with schizophrenia treated with clozapine or olanzapine

Interventions: not a prevention study

Baptista 2007 Allocation: randomised

Participants: people with schizophrenia or people with bipolar disorder under olanzapine adminis-
tration

Interventions: not a prevention study

Baptista 2008 Allocation: randomised

Participants: people with schizophrenia treated with olanzapine

Interventions: not a prevention study

Baptista 2009 Allocation: randomised

Participants: people with schizophrenia treated with olanzapine

Interventions: not a prevention study

Barak 2010 Allocation: randomised

Participants: people with schizophrenia treated with olanzapine

Interventions: not a prevention study

Barak 2016 Allocation: randomised

Participants: people with schizophrenia treated with olanzapine

Interventions: not a prevention study

Biedermann 2014 Allocation: randomised

Participants: schizophrenia outpatients
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Study Reason for exclusion

Interventions: not a prevention study

Borba 2011 Allocation: randomised

Participants: people with schizophrenia treated with clozapine

Interventions: not a prevention study

Borovicka 2002 Allocation: randomised

Participants: people with schizophrenia treated with clozapine

Interventions: not a prevention study

Bushe 2010 Allocation: randomised

Participants: people with schizophrenia

Intervention: compared weight measures in 2 antipsychotic groups independently; not adjunctive
treatment

Bustillo 2003 Allocation: randomised

Participants: schizophrenia outpatients treated with olanzapine

Interventions: not a prevention study

Carrizo 2009 Allocation: randomised

Participants: patients under prolonged clozapine administration

Interventions: not a prevention study

Chang 2012 Allocation: randomised

Participants: clozapine-treated patients with refractory schizophrenia

Internvetion: not a prevention study.

Chen 2010 Allocation: randomised

Participants: people with schizophrenia treated with clozapine

Intervention: clozapine + metformin + behavioural lifestyle Intervention compared with clozapine
only. Cannot separate metformin effects from behavioural intervention

Chen 2013 Allocation: randomised

Participants: people with schizophrenia treated with clozapine

Interventions: not a prevention study

Chen 2015 Allocation: randomised

Participants: people with schizophrenia treated with clozapine

Interventions: not a prevention study

Chiu 2016 Allocation: randomised

Participants: people with schizophrenia treated with clozapine
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Study Reason for exclusion

Interventions: not a prevention study

Correll 2009 Allocation: not randomised

Correll 2013 Allocation: not randomised

Correll 2020b Allocation: randomised

Participants: people with schizophrenia

Interventions: not a prevention study

CTRI/2013/05/003685 2013 Allocation: randomised

Participants: people with schizophrenia

Intervention: metformin

Outcomes: change in weight at the end of 12 weeks

Other: trial was terminated due to loss to follow-up from 22 out of 30 participants, no published da-
ta

Dai 2014 Allocation: randomised

Participants: people with schizophrenia with obesity on long-term antipsychotic treatment

Interventions: not a prevention study

Danilov 2014 Allocation: unclear from methods written in abstract

Participants: people with schizophrenia

Interventions: not a prevention study

Note: only the abstract of this study was written in English and the publication could not be trans-
lated, despite best attempts; abstract did not provide sufficient detail on randomisation methods

Deberdt 2005 Allocation: randomised

Participants: people with schizophrenia with olanzapine treatment

Interventions: not a prevention study

De Hert 2006 Allocation: not randomised

de Silva 2015 Allocation: randomised

Participants: people with schizophrenia or schizoaffective disorder

Interventions: not a prevention study

Deutsch 2003 Allocation: randomised

Participants: schizophrenia

Interventions: not a prevention study

Ding 2005 Allocation: randomised

Participants: schizophrenia
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Study Reason for exclusion

Interventions: not a prevention study

Egger 2007 Allocation: randomised

Participants: < 50% schizophrenia-affected sample

Eriksson 2019 Allocation: randomised

Participants: schizophrenia

Interventions: not a prevention study

Fadai 2014 Allocation: randomised

Participants: people with schizophrenia on olanzapine treatment

Interventions: not a prevention study

Faghihi 2012 Allocation: randomised

Participants: < 50% schizophrenia-affected sample

Fan 2013 Allocation: randomised

Participants: people with schizophrenia treated with clozapine

Interventions: not a prevention study

Fleischhacker 2010 Allocation: randomised

Participants: people with schizophrenia treated with clozapine

Interventions: not a prevention study

Ghanizadeh 2013 Allocation: randomised

Participants: schizophrenia

Interventions: not a prevention study

Goodall 1988 Allocation: randomised

Participants: schizophrenia

Interventions: not a prevention study

Graham 2005 Allocation: randomised

Participants: schizophrenia, schizoaffective, bipolar disorder patients that have gained weight with
antipsychotics

Interventions: not a prevention study

Hadley 2009 Allocation: not a randomised study, was a review article

Hebrani 2015 Allocation: randomised

Participants: schizophrenia

Interventions: not a prevention study

Heikkinen 1993 Allocation: randomised
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Study Reason for exclusion

Participants: schizophrenia

Intervention: compared weight measures in 2 antipsychotic groups independently; not adjunctive
treatment

Henderson 2005a Allocation: randomised

Participants: people with schizophrenia or schizoaffective disorder treated with olanzapine

Interventions: not a prevention study

Henderson 2007 Allocation: randomised

Participants: people with schizophrenia or schizoaffective disorder treated with clozapine

Interventions: not a prevention study

Henderson 2009a Allocation: randomised

Participants: people with schizophrenia and insulin resistance treated with clozapine

Interventions: not a prevention study

Henderson 2009b Allocation: not a randomised study; cross-over design with no proper comparator group

Henderson 2011 Allocation: randomised

Participants: people with schizophrenia treated with clozapine

Interventions: not a prevention study

Hoffmann 2012 Allocation: not a randomised study; cross-over design with no proper comparator group

Holka-Pokorska 2015 Allocation: randomised

Participants: people with schizophrenia treated with olanzapine

Interventions: not a prevention study

Hu 2013 Allocation: randomised

Participants: people with schizophrenia treated with olanzapine

Interventions: not a prevention study

IRCT20191223045870N1 Allocation: randomised

Participants: schizophrenia

Interventions: not a prevention study

Ishoy 2017 Allocation: randomised

Participants: schizophrenia spectrum patients

Interventions: not a prevention study

Jamilian 2018 Allocation: randomised

Participants: schizophrenia inpatient and outpatients

Interventions: not a prevention study
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Study Reason for exclusion

Jarskog 2013 Allocation: randomised

Participants: outpatients with chronic schizophrenia or schizoaffective disorder

Interventions: not a prevention study

Jarskog 2018 Allocation: randomised

Participants: overweight schizophrenia patients

Interventions: not a prevention study

Jiang 2017 Allocation: randomised

Participants: people with schizophrenia with metabolic syndrome

Interventions: not a prevention study

JoGe 2008 Allocation: randomised

Participants: overweight people with schizophrenia treated with clozapine or olanzapine

Interventions: not a prevention study

Kang 2018 Allocation: randomised

Participants: people with schizophrenia or bipolar disorder

Interventions: not a prevention study

Kelly 2011 Allocation: randomised

Participants: people with schizophrenia or schizoaffective disorder

Interventions: not a prevention study

Khan 2020 Allocation: randomised

Participants: schizophrenia

Interventions: not a prevention study

Kim 2007 Allocation: unclear from methods written in abstract

Participants: people with schizophrenia

Interventions: not a prevention study

Note: full-text publication could not be obtained despite best attempts to contact study authors;
abstract did not provide sufficient detail on randomisation methods

Kim 2016 Allocation: randomised

Participants: people with schizophrenia on atypical antipsychotics

Interventions: not a prevention study

Klein 2006 Allocation: randomised

Participants: < 50% schizophrenia-affected sample

Klein 2008 Allocation: randomised
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Study Reason for exclusion

Participants: schizophrenia

Interventions: not a prevention study

Ko 2005 Allocation: randomised

Participants: people with schizophrenia

Interventions: not a prevention study

Kwon 2006 Allocation: randomised

Participants: people with schizophrenia

Interventions: not a prevention study

Larsen 2017 Allocation: randomised

Participants: overweight/obese people with schizophrenia-spectrum disorder treated with clozap-
ine or olanzapine

Interventions: not a prevention study

Li 2013 Allocation: randomised

Participants: schizophrenia

Interventions: not a prevention study

Li 2020 Allocation: randomised

Participants: schizophrenia

Intervention: Repetitive Transcranial Magnetic Stimulation (rTMS); not a pharmacological adjunc-
tive agent

Liu 2004 Allocation: randomised

Participants: people with schizophrenia

Intervention: did not study adjunctive pharmacotherapy; compared weight measures in various
antipsychotic groups independently

Lu 2004 Allocation: randomised

Participants: people with schizophrenia

Interventions: not a prevention study

Lyu 2018 Allocation: randomised

Participants: obese men with schizophrenia

Interventions: not a prevention study

Maagensen 2021 Allocation: randomised

Participants: people with schizophrenia

Interventions: not a prevention study

Martin 2019 Allocation: randomised
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Study Reason for exclusion

Participants: people with schizophrenia

Interventions: not a prevention study

McElroy 2012 Allocation: randomised

Participants: < 50% schizophrenia-affected sample

Mehta 2014 Allocation: randomised

Intervention: people with first-episode schizophrenia

Interventions: not a prevention study

Modell 1965 Allocation: randomised

Participants: obese people with schizophrenia

Interventions: not a prevention study

Muscatello 2011a Allocation: randomised

Participants: people with schizophrenia treated with clozapine

Interventions: not a prevention study

Muscatello 2011b Allocation: randomised

Participants: people with schizophrenia treated with clozapine
Interventions: not a prevention study

NCT00044187 Allocation: randomised

Participants: people with schizophrenia

Intervention: not a prevention review

NCT00114595 Allocation: randomised

Participants: people with dyskinesia, people with schizophrenia

Interventions: not a prevention study

NCT00320723 Allocation: randomised

Participants: people with schizophrenia

Intervention: bupropion for nicotine replacement therapy; not a weight-prevention study

NCT00425815 Allocation: randomised

Participants: people with schizophrenia

Intervention: not a weight-intervention study

NCT00512070 Allocation: randomised

Participants: people with schizophrenia, schizoaffective, bipolar, obesity, metabolic syndrome

Interventions: not a prevention study

NCT00672464 Allocation: randomised
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Study Reason for exclusion

Particiapnts: people with schizophrenia

Interventions: not a prevention study

NCT01491490 Allocation: randomised

Participants: people with schizophrenia

Interventions: not a prevention study

NCT03132571 Allocation: randomised

Participants: people with schizophrenia

Interventions: not a prevention study

Peng 2016 Allocation: randomised

Participants: people with schizophrenia

Interventions: not a prevention study

Pierre 2007 Allocation: randomised

Participants: people with schizophrenia or schizoaffective disorder

Interventions: not a prevention study

Qi 2014 Allocation: randomised

Participants: people with schizophrenia

Interventions: not a prevention study

Radulovic 2002 Allcoation: randomised.

Participants: people with schizophrenia

Interventions: not a prevention study

Ranjbar 2013 Allocation: randomised

Participants: people with schizophrenia, schizoaffective and schizophreniform disorders who re-
ceived olanzapine for the first time

Interventions: not a prevention study

Reeves 2013 Allocation: randomised

Participants: youth who have experienced clinically significant weight gain during antipsychotic
treatment

Interventions: not a prevention study

Simmons 2018 Allocation: randomised

Participants: people with schizophrenia, schizophreniform, bipolar I disorder.

Intervention: not studying adjunctive pharmacotherapy; comparing weight gain in ALKS 3831 treat-
ment versus olanzapine

Siskind 2018 Allocation: randomised
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Study Reason for exclusion

Participants: people with schizophrenia with metabolic syndrome newly commenced on clozapine

Interventions: not a prevention study

Siskind 2020 Allocation: randomised

Participants: people with schizophrenia

Interventions: not a prevention study

Smith 2013 Allocation: randomised

Participants: people with schizophrenia treated with antipsychotic medication

Interventions: not a prevention study

Smith 2018 Allocation: randomised

Participants: people with schizophrenia

Interventions: not a prevention study

Strous 2007 Allocation: randomised

Participants: people with chronic schizophrenia stabilised on olanzapine

Intervnetion: not a prevention study

Sulejmanpasic 2019 Allocation: randomised

Participants: people with schizophrenia
Interventions: not a prevention study

Talaei 2016 Allocation: randomised

Participants: patients hospitalised and treated with olanzapine due to the onset of an acute
episode of schizophrenia or a manic episode of bipolar I disorder

Interventions: not a prevention study

Tavakoli 2014 Allocation: randomised

Participants: people with schizophrenia with metabolic syndrome

Interventions: not a prevention study

Taveira 2014 Allocation: randomised

Participants: people with schizophrenia or schizoaffective disorder on a stable dose of olanzapine

Interventions: not a prevention study

Tek 2014 Allocation: randomised

Participants: women with schizophrenia

Interventions: not a prevention study

Terevnikov 2013 Allocation: randomised

Participants: people with first-generation schizophrenia treated with antipsychotics
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Study Reason for exclusion

Interventions: not a prevention study

Tiihonen 2005 Allocation: randomised

Participants: treatment-resistant people with chronic schizophrenia

Internventions: not a prevention study

Wang 2009 Allocation: randomised

Participants: people with schizophrenia

Interventions: not a prevention study

Wang 2010 Allocation: randomised

Participants: people with schizophrenia

Intervention: comparing anaesthesia for electroconvulsive therapy

Wang 2012 Allocation: randomised

Participants: people with first-episode schizophrenia who gained > 7% of their weight

Interventions: not a prevention study

Wang 2020a Allocation: randomised

Participants: people with schizophrenia

Interventions: not a prevention study

Wang 2020b Allocation: randomised

Participants: people with schizophrenia

Intervention: topiramate and metformin were compared, but no placebo control or usual care
group to use as a comparator

Weber 2006 Allocation: randomised

Participants: not indicated

Intervention: no pharmacological adjunct provided, added cognitive/behavioural intervention only

Weiner 2012 Allocation: randomised

Participants: people with schizophrenia or schizoaffective disorder

Intervention: bupropion for nicotine replacement therapy; not a weight prevention study

Whicher 2021 Allocation: randomised

Participants: people with schizophrenia

Interventions: not a prevention study

Wu 2012 Allocation: randomised
Participants: people with first-episode schizophrenia who gained > 7% of their pre-drug weight

Interventions: not a prevention study
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Study Reason for exclusion

Yagcioglu 2005 Allocation: randomised

Participants: people with schizophrenia partially responsive to clozapine

Intervention: not a weight loss intervention.

Yoon 2008 Allocation: randomised

Participants: inpatients with schizophrenia

Interventions: not a prevention study

 

Characteristics of studies awaiting classification [ordered by study ID]

 

Methods Information not available

Participants Information not available

Interventions Sibutramine

Outcomes Information not available

Notes No abstract or full publication could be found and no available contact information to gain access
to this publication and determine eligibility. It is not believed to be an ongoing study

Ginsberg 2004 

 
 

Methods Randomised, placebo-controlled

Participants Schizophrenia

N = 123

Interventions 1. Olanzapine alone (olanzapine group)

2. Olanzapine plus metformin 1000 mg/d (metformin group)

3. Olanzapine plus topiramate 100 mg/d (topiramate group)

41 participants in each group

Outcomes Planned assessments included body weight, waist circumference, fasting glucose, insulin and in-
sulin resistance, blood pressure and lipid profile, SAPS, SANS

Notes Only an abstract is available but with no extractable data. We emailed study authors for more de-
tails but we did not receive a response.

Mondal 2014 

SANS: Scale for the Assessment of Negative Symptoms; SAPS: Scale for the Assessment of Positive Symptoms
 

Characteristics of ongoing studies [ordered by study ID]
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Study name Study evaluating the safety, efficacy, and pharmacokinetics of miricorilant in obese adult patients
with schizophrenia while taking antipsychotic medications (GRATITUDE II)

Methods Phase 2, double-blind, placebo-controlled, randomised study

Participants Inclusion criteria

• Have a diagnosis of schizophrenia

• Are currently taking olanzapine, risperidone, paliperidone, or quetiapine and have gained weight
from treatment while on these medications

• Must be on a stable dose of medication for 1 month prior to screening

• Have a BMI ≥30 kg/m2

Exclusion criteria

• Have a history of a medical condition affecting body weight (e.g. poorly controlled hyper- or hy-
pothyroidism; eating disorder such as anorexia, bulimia, or binge eating; or polycystic ovary syn-
drome)

• Have poorly controlled diabetes mellitus

• Have poorly controlled hypertension

• Have a history of hypotension

• Have a history of orthostatic hypotension

• Have a history of a seizure disorder

Interventions 1. Experimental: miricorilant - 600 mg once/d for 26 weeks

2. Experimental: miricorilant - 900 mg once/d for 26 weeks

3. Placebo comparator: placebo once/d for 26 weeks

Outcomes 1. Primary outcomes
a. Change from baseline in body weight

2. Secondary outcomes
a. Change from baseline in body weight for both dose levels of miricorilant combined versus

placebo

b. Percentage of participants achieving a ≥ 5% weight loss for miricorilant versus placebo

c. Change from baseline in waist-to-hip ratio for miricorilant versus placebo

Starting date 24 August 2020

Contact information Study Director: Ada Lee, MD, Corcept Therapeutics

Contact: Clinical Trial Lead

650-327-3270

study877ct.gov@corcept.com

Notes  

NCT04524403 

 
 

Study name The Metformin-LIfestyle in Antipsychotic users study (MELIA): optimising the use of metformin in
the management of antipsychotic-induced weight gain

Methods A randomised, double blind, multicenter, placebo-controlled, pragmatic study

NL8440 
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Participants Study population: 2 groups of schizophrenia patients who undergo lifestyle interventions:

1. general patients suffering from psychosis and overweight who use a range of antipsychotics;

2. those considered (relatively) treatment-resistant, therefore are treated with clozapine and suffer
from overweight.

Patients must have a diagnosis of schizophrenia spectrum disorders according to DSM-IV-TR or
DSM-5 criteria. They must have been using the same antipsychotic for at least 3 months. Patients
are at least 16 years of age and are overweight (BMI > 25)

Interventions Metformin or placebo started at 500 mg twice daily and then increased 1000 mg twice daily after 2
weeks

Outcomes 1. Primary outcome
a. 1. Difference in weight (from treatment inception until 26 weeks of treatment) as a continuous

trait

2. Secondary outcomes
a. Subgroup analysis for clozapine versus antipsychotic use only and differences between treat-

ment inception and 26 weeks of treatment in
i. All other elements of metabolic syndrome

ii. A measure of response, defined as ≥ 5% body weight loss at 26 weeks relative to treatment
inception;

iii. Quality of life

iv. General psychological and physical health

v. Cost-effectiveness

vi. Safety outcomes include adverse drug reactions

Starting date 1 January 2021

Contact information Nini de Boer

n.m.deboer-6@umcutrecht.nl

088-7567412

Notes  

NL8440  (Continued)

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Metformin versus placebo/no-pharmacological weight gain prevention treatment

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 Weight: average end-
point/change in body weight

4 131 Mean Difference (IV, Random,
95% CI)

-4.03 [-5.78, -2.28]

1.2 Weight: average end-
point/change in body mass in-
dex

5 227 Mean Difference (IV, Random,
95% CI)

-1.63 [-2.96, -0.29]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.3 Weight: average end-
point/change in waist circum-
ference

4 232 Mean Difference (IV, Random,
95% CI)

-1.13 [-4.28, 2.02]

1.4 Leaving the study early: for
any reason

4 137 Risk Ratio (M-H, Random, 95% CI) 1.02 [0.25, 4.13]

1.5 Reports of nausea 2 69 Risk Ratio (M-H, Random, 95% CI) 2.38 [0.28, 19.95]

1.6 Mental state 2 111 Mean Difference (IV, Random,
95% CI)

0.02 [-0.63, 0.67]

1.6.1 SANS (higher = worse) 1 37 Mean Difference (IV, Random,
95% CI)

-0.05 [-1.38, 1.28]

1.6.2 SAPS (higher = worse) 1 37 Mean Difference (IV, Random,
95% CI)

0.09 [-0.67, 0.85]

1.6.3 BPRS (higher = worse) 1 37 Mean Difference (IV, Random,
95% CI)

-1.80 [-6.50, 2.90]

1.7 Physiological: laboratory
measures

4   Mean Difference (IV, Random,
95% CI)

Subtotals only

1.7.1 Fasting blood glucose
(mg/dL)

4 195 Mean Difference (IV, Random,
95% CI)

-10.04 [-28.27, 8.19]

1.7.2 HDL cholesterol (mg/dL) 2 58 Mean Difference (IV, Random,
95% CI)

2.43 [-4.07, 8.92]

1.7.3 Insulin (mIU/mL) 2 74 Mean Difference (IV, Random,
95% CI)

-2.82 [-9.53, 3.89]

1.7.4 Insulin resistance index 3 93 Mean Difference (IV, Random,
95% CI)

-0.80 [-1.62, 0.02]

1.7.5 LDL cholesterol (mg/dL) 2 57 Mean Difference (IV, Random,
95% CI)

-3.54 [-39.77, 32.68]

1.7.6 Total cholesterol (mg/dL) 2 57 Mean Difference (IV, Random,
95% CI)

-6.71 [-30.35, 16.92]

1.7.7 Triglycerides (mg/dL) 2 59 Mean Difference (IV, Random,
95% CI)

-17.18 [-45.31, 10.94]
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Analysis 1.1.   Comparison 1: Metformin versus placebo/no-pharmacological weight gain
prevention treatment, Outcome 1: Weight: average endpoint/change in body weight

Study or Subgroup

Wu 2008
Rado 2016
Baptista 2006
Arman 2008

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 2.91, df = 3 (P = 0.41); I² = 0%
Test for overall effect: Z = 4.52 (P < 0.00001)
Test for subgroup differences: Not applicable

Metformin
Mean [kg]

1.9
2.54
63.8

36.03

SD [kg]

2.72
2.35
10.2

12.81

Total

18
12
19
16

65

Control
Mean [kg]

6.87
5.88
65.6

32.03

SD [kg]

4.23
5.23

8.5
22.45

Total

19
13
18
16

66

Weight

58.7%
31.0%

8.4%
1.9%

100.0%

Mean Difference
IV, Random, 95% CI [kg]

-4.97 [-7.25 , -2.69]
-3.34 [-6.48 , -0.20]
-1.80 [-7.84 , 4.24]
4.00 [-8.67 , 16.67]

-4.03 [-5.78 , -2.28]

Mean Difference
IV, Random, 95% CI [kg]

-10 -5 0 5 10
Favours metformin Favours control

 
 

Analysis 1.2.   Comparison 1: Metformin versus placebo/no-pharmacological weight gain
prevention treatment, Outcome 2: Weight: average endpoint/change in body mass index

Study or Subgroup

Vishnupriya 2016
Wu 2008
Rado 2016
Arman 2008
Baptista 2006

Total (95% CI)
Heterogeneity: Tau² = 1.78; Chi² = 41.04, df = 4 (P < 0.00001); I² = 90%
Test for overall effect: Z = 2.39 (P = 0.02)
Test for subgroup differences: Not applicable

Metformin
Mean [kg/m2]

-1.53
0.54
0.85
17.9
25.3

SD [kg/m2]

0.9298
0.92
0.76
2.63

2.9

Total

48
18
12
16
19

113

Control
Mean [kg/m2]

1.93
2.26
2.02

18.11
25.5

SD [kg/m2]

0.8688
1.12
1.77
4.97

3.9

Total

48
19
13
16
18

114

Weight

25.6%
24.5%
22.4%
12.4%
15.1%

100.0%

Mean Difference
IV, Random, 95% CI [kg/m2]

-3.46 [-3.82 , -3.10]
-1.72 [-2.38 , -1.06]
-1.17 [-2.22 , -0.12]
-0.21 [-2.97 , 2.55]
-0.20 [-2.42 , 2.02]

-1.63 [-2.96 , -0.29]

Mean Difference
IV, Random, 95% CI [kg/m2]

-10 -5 0 5 10
Favours metformin Favours control

 
 

Analysis 1.3.   Comparison 1: Metformin versus placebo/no-pharmacological weight gain
prevention treatment, Outcome 3: Weight: average endpoint/change in waist circumference

Study or Subgroup

Baptista 2006
Baptista 2006
Rado 2016
Vishnupriya 2016
Wu 2008

Total (95% CI)
Heterogeneity: Tau² = 10.40; Chi² = 164.17, df = 4 (P < 0.00001); I² = 98%
Test for overall effect: Z = 0.70 (P = 0.48)
Test for subgroup differences: Not applicable

Metformin
Mean [cm]

91.2
91.2
0.35

-1.94
0.46

SD [cm]

9.1
9.1

2.57
1.2398

0.14

Total

19
19
12
48
18

116

Control
Mean [cm]

87.8
87.8
2.56
3.75
1.37

SD [cm]

7.6
7.6

3.44
2.1004

0.62

Total

18
18
13
48
19

116

Weight

14.4%
14.4%
21.8%
24.6%
24.8%

100.0%

Mean Difference
IV, Random, 95% CI [cm]

3.40 [-1.99 , 8.79]
3.40 [-1.99 , 8.79]

-2.21 [-4.58 , 0.16]
-5.69 [-6.38 , -5.00]
-0.91 [-1.20 , -0.62]

-1.13 [-4.28 , 2.02]

Mean Difference
IV, Random, 95% CI [cm]

-10 -5 0 5 10
Favours metformin Favours control
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Analysis 1.4.   Comparison 1: Metformin versus placebo/no-pharmacological weight
gain prevention treatment, Outcome 4: Leaving the study early: for any reason

Study or Subgroup

Arman 2008
Baptista 2006
Rado 2016
Wu 2008

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.69, df = 2 (P = 0.71); I² = 0%
Test for overall effect: Z = 0.03 (P = 0.98)
Test for subgroup differences: Not applicable

Metformin
Events

0
1
1
2

4

Total

16
20
12
20

68

Control
Events

0
2
1
1

4

Total

16
20
13
20

69

Weight

36.2%
27.6%
36.2%

100.0%

Risk Ratio
M-H, Random, 95% CI

Not estimable
0.50 [0.05 , 5.08]

1.08 [0.08 , 15.46]
2.00 [0.20 , 20.33]

1.02 [0.25 , 4.13]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours metformin Favours control

 
 

Analysis 1.5.   Comparison 1: Metformin versus placebo/no-pharmacological
weight gain prevention treatment, Outcome 5: Reports of nausea

Study or Subgroup

Arman 2008
Wu 2008

Total (95% CI)
Total events:
Heterogeneity: Tau² = 1.00; Chi² = 1.67, df = 1 (P = 0.20); I² = 40%
Test for overall effect: Z = 0.80 (P = 0.42)
Test for subgroup differences: Not applicable

Metformin
Events

4
2

6

Total

16
18

34

Control
Events

0
2

2

Total

16
19

35

Weight

37.9%
62.1%

100.0%

Risk Ratio
M-H, Random, 95% CI

9.00 [0.52 , 154.56]
1.06 [0.17 , 6.72]

2.38 [0.28 , 19.95]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours metformin Favours control
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Analysis 1.6.   Comparison 1: Metformin versus placebo/no-
pharmacological weight gain prevention treatment, Outcome 6: Mental state

Study or Subgroup

1.6.1 SANS (higher = worse)
Wu 2008
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.07 (P = 0.94)

1.6.2 SAPS (higher = worse)
Wu 2008
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.23 (P = 0.82)

1.6.3 BPRS (higher = worse)
Baptista 2006
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.75 (P = 0.45)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.62, df = 2 (P = 0.73); I² = 0%
Test for overall effect: Z = 0.06 (P = 0.95)
Test for subgroup differences: Chi² = 0.62, df = 2 (P = 0.73), I² = 0%

Metformin
Mean

4.16

2.17

11.7

SD

2.03

1.21

6.2

Total

18
18

18
18

19
19

55

Control
Mean

4.21

2.08

13.5

SD

2.11

1.14

8.2

Total

19
19

19
19

18
18

56

Weight

24.0%
24.0%

74.1%
74.1%

1.9%
1.9%

100.0%

Mean Difference
IV, Random, 95% CI

-0.05 [-1.38 , 1.28]
-0.05 [-1.38 , 1.28]

0.09 [-0.67 , 0.85]
0.09 [-0.67 , 0.85]

-1.80 [-6.50 , 2.90]
-1.80 [-6.50 , 2.90]

0.02 [-0.63 , 0.67]

Mean Difference
IV, Random, 95% CI

-20 -10 0 10 20
Favours metformin Favours control
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Analysis 1.7.   Comparison 1: Metformin versus placebo/no-pharmacological
weight gain prevention treatment, Outcome 7: Physiological: laboratory measures

Study or Subgroup

1.7.1 Fasting blood glucose (mg/dL)
Baptista 2006
Rado 2016
Vishnupriya 2016
Wu 2008
Subtotal (95% CI)
Heterogeneity: Tau² = 317.59; Chi² = 61.64, df = 3 (P < 0.00001); I² = 95%
Test for overall effect: Z = 1.08 (P = 0.28)

1.7.2 HDL cholesterol (mg/dL)
Baptista 2006
Rado 2016
Subtotal (95% CI)
Heterogeneity: Tau² = 14.15; Chi² = 2.76, df = 1 (P = 0.10); I² = 64%
Test for overall effect: Z = 0.73 (P = 0.46)

1.7.3 Insulin (mIU/mL)
Baptista 2006
Wu 2008
Subtotal (95% CI)
Heterogeneity: Tau² = 20.58; Chi² = 7.82, df = 1 (P = 0.005); I² = 87%
Test for overall effect: Z = 0.82 (P = 0.41)

1.7.4 Insulin resistance index
Baptista 2006
Rado 2016
Wu 2008
Subtotal (95% CI)
Heterogeneity: Tau² = 0.28; Chi² = 4.29, df = 2 (P = 0.12); I² = 53%
Test for overall effect: Z = 1.92 (P = 0.05)

1.7.5 LDL cholesterol (mg/dL)
Baptista 2006
Rado 2016
Subtotal (95% CI)
Heterogeneity: Tau² = 520.62; Chi² = 3.76, df = 1 (P = 0.05); I² = 73%
Test for overall effect: Z = 0.19 (P = 0.85)

1.7.6 Total cholesterol (mg/dL)
Baptista 2006
Rado 2016
Subtotal (95% CI)
Heterogeneity: Tau² = 122.45; Chi² = 1.59, df = 1 (P = 0.21); I² = 37%
Test for overall effect: Z = 0.56 (P = 0.58)

1.7.7 Triglycerides (mg/dL)
Baptista 2006
Rado 2016
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.38, df = 1 (P = 0.54); I² = 0%
Test for overall effect: Z = 1.20 (P = 0.23)

Test for subgroup differences: Chi² = 3.85, df = 6 (P = 0.70), I² = 0%

Metformin
Mean

79.3
7

-5.58
2.16

54.4
1.8

15.3
0.81

2.9
0.73
0.22

102
13

181
10.5

123
12

SD

10.8
16.64

14.7398
7.03

9.4
6.03

8.2
2.95

1.3
1.65
0.66

40.3
21.62

38.6
27.92

64.7
45.49

Total

19
12
48
18
97

19
10
29

19
18
37

19
9

18
46

19
11
30

19
10
29

19
11
30

Control
Mean

82.8
8.54

28.04
2.34

48.3
2.36

14.4
6.78

3.1
1.13
1.49

128
1.33

205
8.8

153
23.09

SD

18
27.29

21.2665
5.95

10.1
4.8

5.1
3.29

1.7
2.76
0.67

65.7
9.49

66.2
12.55

86.8
35.68

Total

18
13
48
19
98

18
11
29

18
19
37

18
10
19
47

18
9

27

18
10
28

18
11
29

Weight

25.3%
21.7%
26.1%
26.9%

100.0%

44.8%
55.2%

100.0%

45.8%
54.2%

100.0%

33.2%
13.0%
53.8%

100.0%

40.4%
59.6%

100.0%

32.7%
67.3%

100.0%

32.2%
67.8%

100.0%

Mean Difference
IV, Random, 95% CI

-3.50 [-13.13 , 6.13]
-1.54 [-19.11 , 16.03]

-33.62 [-40.94 , -26.30]
-0.18 [-4.39 , 4.03]

-10.04 [-28.27 , 8.19]

6.10 [-0.20 , 12.40]
-0.56 [-5.25 , 4.13]
2.43 [-4.07 , 8.92]

0.90 [-3.48 , 5.28]
-5.97 [-7.98 , -3.96]
-2.82 [-9.53 , 3.89]

-0.20 [-1.18 , 0.78]
-0.40 [-2.42 , 1.62]

-1.27 [-1.70 , -0.84]
-0.80 [-1.62 , 0.02]

-26.00 [-61.35 , 9.35]
11.67 [-2.53 , 25.87]

-3.54 [-39.77 , 32.68]

-24.00 [-59.16 , 11.16]
1.70 [-17.27 , 20.67]

-6.71 [-30.35 , 16.92]

-30.00 [-79.54 , 19.54]
-11.09 [-45.25 , 23.07]
-17.18 [-45.31 , 10.94]

Mean Difference
IV, Random, 95% CI

-20 -10 0 10 20
Favours metformin Favours control
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Comparison 2.   H2 antagonists versus placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.1 Weight: average end-
point/change in body weight

3 248 Mean Difference (IV, Random,
95% CI)

-1.32 [-2.09, -0.56]

2.1.1 Nizatidine 150 mg, twice daily 1 84 Mean Difference (IV, Random,
95% CI)

-0.62 [-2.68, 1.44]

2.1.2 Nizatidine 300 mg, twice daily 1 85 Mean Difference (IV, Random,
95% CI)

-0.89 [-3.01, 1.23]

2.1.3 Famotidine 40 mg, once daily 1 14 Mean Difference (IV, Random,
95% CI)

2.40 [-6.09, 10.89]

2.1.4 Ranitidine 150 mg, twice dai-
ly

1 65 Mean Difference (IV, Random,
95% CI)

-1.58 [-2.48, -0.68]

2.2 Weight: average end-
point/change in body mass index

2 79 Mean Difference (IV, Random,
95% CI)

-0.66 [-0.99, -0.33]

2.3 Leaving the study early: for any
reason

2 189 Risk Ratio (M-H, Random, 95%
CI)

1.07 [0.72, 1.57]

2.3.1 Nizatidine 150 mg, twice daily 1 87 Risk Ratio (M-H, Random, 95%
CI)

1.05 [0.59, 1.87]

2.3.2 Nizatidine 300 mg, twice daily 1 88 Risk Ratio (M-H, Random, 95%
CI)

1.08 [0.64, 1.83]

2.3.3 Famotidine 40 mg, once daily 1 14 Risk Ratio (M-H, Random, 95%
CI)

Not estimable

2.4 Reports of nausea 1 175 Risk Ratio (M-H, Random, 95%
CI)

1.13 [0.34, 3.68]

2.4.1 Nizatidine 150 mg, twice daily 1 87 Risk Ratio (M-H, Random, 95%
CI)

0.53 [0.08, 3.55]

2.4.2 Nizatidine 300 mg, twice daily 1 88 Risk Ratio (M-H, Random, 95%
CI)

1.81 [0.40, 8.18]

2.5 Mental state: BPRS (higher =
worse)

1 169 Mean Difference (IV, Random,
95% CI)

2.32 [-0.89, 5.53]

2.5.1 dose= 150 mg, twice daily 1 84 Mean Difference (IV, Random,
95% CI)

2.20 [-2.22, 6.62]

2.5.2 dose= 300 mg, twice daily 1 85 Mean Difference (IV, Random,
95% CI)

2.45 [-2.22, 7.12]

2.6 Mental state: various scales 1   Mean Difference (IV, Random,
95% CI)

Subtotals only

2.6.1 CGI (higher = worse) 1 14 Mean Difference (IV, Random,
95% CI)

0.10 [-0.74, 0.94]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.6.2 SANS (higher = worse) 1 14 Mean Difference (IV, Random,
95% CI)

-1.90 [-4.97, 1.17]

2.6.3 SAPS (higher = worse) 1 14 Mean Difference (IV, Random,
95% CI)

-0.10 [-4.09, 3.89]

2.7 Adverse effect: headache 1 175 Risk Ratio (M-H, Random, 95%
CI)

1.06 [0.28, 4.08]

2.7.1 Nizatidine 150 mg, twice daily 1 87 Risk Ratio (M-H, Random, 95%
CI)

0.53 [0.11, 2.45]

2.7.2 Nizatidine 300 mg, twice daily 1 88 Risk Ratio (M-H, Random, 95%
CI)

2.07 [0.47, 9.14]

2.8 Adverse effect: dry mouth 1 175 Risk Ratio (M-H, Random, 95%
CI)

3.60 [0.67, 19.38]

2.8.1 Nizatidine 150 mg, twice daily 1 87 Risk Ratio (M-H, Random, 95%
CI)

4.81 [0.27, 86.47]

2.8.2 Nizatidine 300 mg, twice daily 1 88 Risk Ratio (M-H, Random, 95%
CI)

3.10 [0.39, 24.61]

2.9 Adverse effect: anxiety 1 175 Risk Ratio (M-H, Random, 95%
CI)

1.04 [0.37, 2.90]

2.9.1 Nizatidine 150 mg, twice daily 1 87 Risk Ratio (M-H, Random, 95%
CI)

1.05 [0.20, 5.42]

2.9.2 Nizatidine 300 mg, twice daily 1 88 Risk Ratio (M-H, Random, 95%
CI)

1.03 [0.28, 3.85]

2.10 Adverse effect: depression 1 175 Risk Ratio (M-H, Random, 95%
CI)

3.69 [0.68, 19.97]

2.10.1 Nizatidine 150 mg, twice
daily

1 87 Risk Ratio (M-H, Random, 95%
CI)

2.63 [0.32, 21.51]

2.10.2 Nizatidine 300 mg, twice
daily

1 88 Risk Ratio (M-H, Random, 95%
CI)

6.83 [0.40, 117.31]

2.11 Adverse effect: dizziness 1 175 Risk Ratio (M-H, Random, 95%
CI)

0.61 [0.21, 1.73]

2.11.1 Nizatidine 150 mg, twice
daily

1 87 Risk Ratio (M-H, Random, 95%
CI)

0.53 [0.11, 2.45]

2.11.2 Nizatidine 300 mg, twice
daily

1 88 Risk Ratio (M-H, Random, 95%
CI)

0.69 [0.16, 2.88]

2.12 Adverse effect: increased ap-
petite

1 175 Odds Ratio (M-H, Random,
95% CI)

0.47 [0.19, 1.16]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.12.1 Nizatidine 150 mg, twice
daily

1 87 Odds Ratio (M-H, Random,
95% CI)

0.38 [0.09, 1.53]

2.12.2 Nizatidine 300 mg, twice
daily

1 88 Odds Ratio (M-H, Random,
95% CI)

0.55 [0.17, 1.81]

2.13 Adverse effect: somnolence 2 189 Risk Ratio (M-H, Random, 95%
CI)

0.72 [0.47, 1.10]

2.13.1 Nizatidine 150 mg, twice
daily

1 87 Risk Ratio (M-H, Random, 95%
CI)

0.64 [0.30, 1.38]

2.13.2 Nizatidine 300 mg, twice
daily

1 88 Risk Ratio (M-H, Random, 95%
CI)

0.72 [0.37, 1.43]

2.13.3 Famotidine 40 mg, once dai-
ly

1 14 Risk Ratio (M-H, Random, 95%
CI)

0.80 [0.36, 1.77]

2.14 Adverse effect: SAS 2 183 Mean Difference (IV, Random,
95% CI)

-0.48 [-1.86, 0.90]

2.14.1 Nizatidine 150 mg, twice
daily

1 84 Mean Difference (IV, Random,
95% CI)

-0.01 [-1.60, 1.58]

2.14.2 Nizatidine 300 mg, twice
daily

1 85 Mean Difference (IV, Random,
95% CI)

0.39 [-1.25, 2.03]

2.14.3 Famotidine 40 mg, once dai-
ly

1 14 Mean Difference (IV, Random,
95% CI)

-2.00 [-3.84, -0.16]
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Analysis 2.1.   Comparison 2: H2 antagonists versus placebo,
Outcome 1: Weight: average endpoint/change in body weight

Study or Subgroup

2.1.1 Nizatidine 150 mg, twice daily
Cavazzoni 2003
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.59 (P = 0.56)

2.1.2 Nizatidine 300 mg, twice daily
Cavazzoni 2003
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.82 (P = 0.41)

2.1.3 Famotidine 40 mg, once daily
Poyurovsky 2004
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.55 (P = 0.58)

2.1.4 Ranitidine 150 mg, twice daily
Sun 2007
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 3.42 (P = 0.0006)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 1.66, df = 3 (P = 0.65); I² = 0%
Test for overall effect: Z = 3.38 (P = 0.0007)
Test for subgroup differences: Chi² = 1.66, df = 3 (P = 0.65), I² = 0%

H2 Antagonists
Mean [kg]

3.56

3.29

72

3.3

SD [kg]

4.95

5.33

9.7

2.11

Total

56
56

57
57

7
7

33
33

153

Control
Mean [kg]

4.18

4.18

69.6

4.88

SD [kg]

4.33

4.33

6.1

1.58

Total

28
28

28
28

7
7

32
32

95

Weight

13.9%
13.9%

13.2%
13.2%

0.8%
0.8%

72.2%
72.2%

100.0%

Mean Difference
IV, Random, 95% CI [kg]

-0.62 [-2.68 , 1.44]
-0.62 [-2.68 , 1.44]

-0.89 [-3.01 , 1.23]
-0.89 [-3.01 , 1.23]

2.40 [-6.09 , 10.89]
2.40 [-6.09 , 10.89]

-1.58 [-2.48 , -0.68]
-1.58 [-2.48 , -0.68]

-1.32 [-2.09 , -0.56]

Mean Difference
IV, Random, 95% CI [kg]

-10 -5 0 5 10
Favours H2 Antagonists Favours control

 
 

Analysis 2.2.   Comparison 2: H2 antagonists versus placebo,
Outcome 2: Weight: average endpoint/change in body mass index

Study or Subgroup

Poyurovsky 2004
Sun 2007

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.02, df = 1 (P = 0.87); I² = 0%
Test for overall effect: Z = 3.95 (P < 0.0001)
Test for subgroup differences: Not applicable

H2 Antagonists
Mean [kg/m2]

23.9
1.16

SD [kg/m2]

2.4
0.78

Total

7
33

40

Control
Mean [kg/m2]

24.8
1.82

SD [kg/m2]

3.2
0.57

Total

7
32

39

Weight

1.2%
98.8%

100.0%

Mean Difference
IV, Random, 95% CI [kg/m2]

-0.90 [-3.86 , 2.06]
-0.66 [-0.99 , -0.33]

-0.66 [-0.99 , -0.33]

Mean Difference
IV, Random, 95% CI [kg/m2]

-100 -50 0 50 100
Favours H2 Antagonists Favours control
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Analysis 2.3.   Comparison 2: H2 antagonists versus placebo, Outcome 3: Leaving the study early: for any reason

Study or Subgroup

2.3.1 Nizatidine 150 mg, twice daily
Cavazzoni 2003
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.18 (P = 0.86)

2.3.2 Nizatidine 300 mg, twice daily
Cavazzoni 2003
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.28 (P = 0.78)

2.3.3 Famotidine 40 mg, once daily
Poyurovsky 2004
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Not applicable

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.00, df = 1 (P = 0.95); I² = 0%
Test for overall effect: Z = 0.32 (P = 0.75)
Test for subgroup differences: Chi² = 0.00, df = 1 (P = 0.95), I² = 0%

H2 Antagonists
Events

22

22

25

25

0

0

47

Total

57
57

58
58

7
7

122

Control
Events

11

11

12

12

0

0

23

Total

30
30

30
30

7
7

67

Weight

46.0%
46.0%

54.0%
54.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.05 [0.59 , 1.87]
1.05 [0.59 , 1.87]

1.08 [0.64 , 1.83]
1.08 [0.64 , 1.83]

Not estimable
Not estimable

1.07 [0.72 , 1.57]

Risk Ratio
M-H, Random, 95% CI

0.2 0.5 1 2 5
Favours H2 Antagonists Favours control

 
 

Analysis 2.4.   Comparison 2: H2 antagonists versus placebo, Outcome 4: Reports of nausea

Study or Subgroup

2.4.1 Nizatidine 150 mg, twice daily
Cavazzoni 2003
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.66 (P = 0.51)

2.4.2 Nizatidine 300 mg, twice daily
Cavazzoni 2003
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.77 (P = 0.44)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.99, df = 1 (P = 0.32); I² = 0%
Test for overall effect: Z = 0.20 (P = 0.84)
Test for subgroup differences: Chi² = 0.99, df = 1 (P = 0.32), I² = 0%

H2 Antagonists
Events

2

2

7

7

9

Total

57
57

58
58

115

Control
Events

2

2

2

2

4

Total

30
30

30
30

60

Weight

38.4%
38.4%

61.6%
61.6%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.53 [0.08 , 3.55]
0.53 [0.08 , 3.55]

1.81 [0.40 , 8.18]
1.81 [0.40 , 8.18]

1.13 [0.34 , 3.68]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours H2 Antagonists Favours control
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Analysis 2.5.   Comparison 2: H2 antagonists versus placebo, Outcome 5: Mental state: BPRS (higher = worse)

Study or Subgroup

2.5.1 dose= 150 mg, twice daily
Cavazzoni 2003
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.97 (P = 0.33)

2.5.2 dose= 300 mg, twice daily
Cavazzoni 2003
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.03 (P = 0.30)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.01, df = 1 (P = 0.94); I² = 0%
Test for overall effect: Z = 1.41 (P = 0.16)
Test for subgroup differences: Chi² = 0.01, df = 1 (P = 0.94), I² = 0%

H2 Antagonists
Mean

-5.19

-4.94

SD

10.16

11.79

Total

56
56

57
57

113

Control
Mean

-7.39

-7.39

SD

9.54

9.54

Total

28
28

28
28

56

Weight

52.8%
52.8%

47.2%
47.2%

100.0%

Mean Difference
IV, Random, 95% CI

2.20 [-2.22 , 6.62]
2.20 [-2.22 , 6.62]

2.45 [-2.22 , 7.12]
2.45 [-2.22 , 7.12]

2.32 [-0.89 , 5.53]

Mean Difference
IV, Random, 95% CI

-10 -5 0 5 10
Favours H2 Antagonists Favours control

 
 

Analysis 2.6.   Comparison 2: H2 antagonists versus placebo, Outcome 6: Mental state: various scales

Study or Subgroup

2.6.1 CGI (higher = worse)
Poyurovsky 2004
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.23 (P = 0.82)

2.6.2 SANS (higher = worse)
Poyurovsky 2004
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.21 (P = 0.22)

2.6.3 SAPS (higher = worse)
Poyurovsky 2004
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.05 (P = 0.96)

Test for subgroup differences: Chi² = 1.52, df = 2 (P = 0.47), I² = 0%

H2 Antagonists
Mean

3.7

9.4

5.9

SD

0.8

3.3

3.1

Total

7
7

7
7

7
7

Control
Mean

3.6

11.3

6

SD

0.8

2.5

4.4

Total

7
7

7
7

7
7

Weight

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

Mean Difference
IV, Random, 95% CI

0.10 [-0.74 , 0.94]
0.10 [-0.74 , 0.94]

-1.90 [-4.97 , 1.17]
-1.90 [-4.97 , 1.17]

-0.10 [-4.09 , 3.89]
-0.10 [-4.09 , 3.89]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours H2 Antagonists Favours control

 
 

Pharmacological interventions for prevention of weight gain in people with schizophrenia (Review)

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

104



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Analysis 2.7.   Comparison 2: H2 antagonists versus placebo, Outcome 7: Adverse e6ect: headache

Study or Subgroup

2.7.1 Nizatidine 150 mg, twice daily
Cavazzoni 2003
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.82 (P = 0.41)

2.7.2 Nizatidine 300 mg, twice daily
Cavazzoni 2003
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.96 (P = 0.34)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.35; Chi² = 1.59, df = 1 (P = 0.21); I² = 37%
Test for overall effect: Z = 0.08 (P = 0.93)
Test for subgroup differences: Chi² = 1.57, df = 1 (P = 0.21), I² = 36.5%

H2 Antagonists
Events

3

3

8

8

11

Total

57
57

58
58

115

Control
Events

3

3

2

2

5

Total

30
30

30
30

60

Weight

48.9%
48.9%

51.1%
51.1%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.53 [0.11 , 2.45]
0.53 [0.11 , 2.45]

2.07 [0.47 , 9.14]
2.07 [0.47 , 9.14]

1.06 [0.28 , 4.08]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours H2 Antagonists Favours control

 
 

Analysis 2.8.   Comparison 2: H2 antagonists versus placebo, Outcome 8: Adverse e6ect: dry mouth

Study or Subgroup

2.8.1 Nizatidine 150 mg, twice daily
Cavazzoni 2003
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.07 (P = 0.29)

2.8.2 Nizatidine 300 mg, twice daily
Cavazzoni 2003
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.07 (P = 0.28)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.06, df = 1 (P = 0.81); I² = 0%
Test for overall effect: Z = 1.49 (P = 0.14)
Test for subgroup differences: Chi² = 0.06, df = 1 (P = 0.81), I² = 0%

H2 Antagonists
Events

4

4

6

6

10

Total

57
57

58
58

115

Control
Events

0

0

1

1

1

Total

30
30

30
30

60

Weight

33.9%
33.9%

66.1%
66.1%

100.0%

Risk Ratio
M-H, Random, 95% CI

4.81 [0.27 , 86.47]
4.81 [0.27 , 86.47]

3.10 [0.39 , 24.61]
3.10 [0.39 , 24.61]

3.60 [0.67 , 19.38]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours H2 Antagonists Favours control
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Analysis 2.9.   Comparison 2: H2 antagonists versus placebo, Outcome 9: Adverse e6ect: anxiety

Study or Subgroup

2.9.1 Nizatidine 150 mg, twice daily
Cavazzoni 2003
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.06 (P = 0.95)

2.9.2 Nizatidine 300 mg, twice daily
Cavazzoni 2003
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.05 (P = 0.96)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.00, df = 1 (P = 0.99); I² = 0%
Test for overall effect: Z = 0.08 (P = 0.94)
Test for subgroup differences: Chi² = 0.00, df = 1 (P = 0.99), I² = 0%

H2 Antagonists
Events

4

4

6

6

10

Total

57
57

58
58

115

Control
Events

2

2

3

3

5

Total

30
30

30
30

60

Weight

39.1%
39.1%

60.9%
60.9%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.05 [0.20 , 5.42]
1.05 [0.20 , 5.42]

1.03 [0.28 , 3.85]
1.03 [0.28 , 3.85]

1.04 [0.37 , 2.90]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours H2 Antagonists Favours control

 
 

Analysis 2.10.   Comparison 2: H2 antagonists versus placebo, Outcome 10: Adverse e6ect: depression

Study or Subgroup

2.10.1 Nizatidine 150 mg, twice daily
Cavazzoni 2003
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.90 (P = 0.37)

2.10.2 Nizatidine 300 mg, twice daily
Cavazzoni 2003
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.32 (P = 0.19)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.29, df = 1 (P = 0.59); I² = 0%
Test for overall effect: Z = 1.51 (P = 0.13)
Test for subgroup differences: Chi² = 0.28, df = 1 (P = 0.60), I² = 0%

H2 Antagonists
Events

5

5

6

6

11

Total

57
57

58
58

115

Control
Events

1

1

0

0

1

Total

30
30

30
30

60

Weight

64.7%
64.7%

35.3%
35.3%

100.0%

Risk Ratio
M-H, Random, 95% CI

2.63 [0.32 , 21.51]
2.63 [0.32 , 21.51]

6.83 [0.40 , 117.31]
6.83 [0.40 , 117.31]

3.69 [0.68 , 19.97]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours H2 Antagonists Favours control
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Analysis 2.11.   Comparison 2: H2 antagonists versus placebo, Outcome 11: Adverse e6ect: dizziness

Study or Subgroup

2.11.1 Nizatidine 150 mg, twice daily
Cavazzoni 2003
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.82 (P = 0.41)

2.11.2 Nizatidine 300 mg, twice daily
Cavazzoni 2003
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.51 (P = 0.61)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.06, df = 1 (P = 0.80); I² = 0%
Test for overall effect: Z = 0.93 (P = 0.35)
Test for subgroup differences: Chi² = 0.06, df = 1 (P = 0.80), I² = 0%

H2 Antagonists
Events

3

3

4

4

7

Total

57
57

58
58

115

Control
Events

3

3

3

3

6

Total

30
30

30
30

60

Weight

46.4%
46.4%

53.6%
53.6%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.53 [0.11 , 2.45]
0.53 [0.11 , 2.45]

0.69 [0.16 , 2.88]
0.69 [0.16 , 2.88]

0.61 [0.21 , 1.73]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours H2 Antagonists Favours control

 
 

Analysis 2.12.   Comparison 2: H2 antagonists versus placebo, Outcome 12: Adverse e6ect: increased appetite

Study or Subgroup

2.12.1 Nizatidine 150 mg, twice daily
Cavazzoni 2003
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.37 (P = 0.17)

2.12.2 Nizatidine 300 mg, twice daily
Cavazzoni 2003
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.98 (P = 0.32)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.16, df = 1 (P = 0.69); I² = 0%
Test for overall effect: Z = 1.64 (P = 0.10)
Test for subgroup differences: Chi² = 0.16, df = 1 (P = 0.69), I² = 0%

H2 Antagonists
Events

4

4

7

7

11

Total

57
57

58
58

115

Control
Events

5

5

6

6

11

Total

30
30

30
30

60

Weight

42.2%
42.2%

57.8%
57.8%

100.0%

Odds Ratio
M-H, Random, 95% CI

0.38 [0.09 , 1.53]
0.38 [0.09 , 1.53]

0.55 [0.17 , 1.81]
0.55 [0.17 , 1.81]

0.47 [0.19 , 1.16]

Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours H2 Antagonists Favours control

 
 

Pharmacological interventions for prevention of weight gain in people with schizophrenia (Review)

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

107



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Analysis 2.13.   Comparison 2: H2 antagonists versus placebo, Outcome 13: Adverse e6ect: somnolence

Study or Subgroup

2.13.1 Nizatidine 150 mg, twice daily
Cavazzoni 2003
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.13 (P = 0.26)

2.13.2 Nizatidine 300 mg, twice daily
Cavazzoni 2003
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.93 (P = 0.35)

2.13.3 Famotidine 40 mg, once daily
Poyurovsky 2004
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.55 (P = 0.58)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.16, df = 2 (P = 0.92); I² = 0%
Test for overall effect: Z = 1.52 (P = 0.13)
Test for subgroup differences: Chi² = 0.15, df = 2 (P = 0.93), I² = 0%

H2 Antagonists
Events

11

11

14

14

4

4

29

Total

57
57

58
58

7
7

122

Control
Events

9

9

10

10

5

5

24

Total

30
30

30
30

7
7

67

Weight

31.5%
31.5%

39.4%
39.4%

29.0%
29.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.64 [0.30 , 1.38]
0.64 [0.30 , 1.38]

0.72 [0.37 , 1.43]
0.72 [0.37 , 1.43]

0.80 [0.36 , 1.77]
0.80 [0.36 , 1.77]

0.72 [0.47 , 1.10]

Risk Ratio
M-H, Random, 95% CI

0.2 0.5 1 2 5
Favours H2 Antagonists Favours control

 
 

Analysis 2.14.   Comparison 2: H2 antagonists versus placebo, Outcome 14: Adverse e6ect: SAS

Study or Subgroup

2.14.1 Nizatidine 150 mg, twice daily
Cavazzoni 2003
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.01 (P = 0.99)

2.14.2 Nizatidine 300 mg, twice daily
Cavazzoni 2003
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.47 (P = 0.64)

2.14.3 Famotidine 40 mg, once daily
Poyurovsky 2004
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 2.13 (P = 0.03)

Total (95% CI)
Heterogeneity: Tau² = 0.75; Chi² = 4.03, df = 2 (P = 0.13); I² = 50%
Test for overall effect: Z = 0.68 (P = 0.50)
Test for subgroup differences: Chi² = 4.03, df = 2 (P = 0.13), I² = 50.3%

H2 Antagonists
Mean

-1.68

-1.28

8.9

SD

3.57

3.92

1.6

Total

56
56

57
57

7
7

120

Control
Mean

-1.67

-1.67

10.9

SD

3.47

3.47

1.9

Total

28
28

28
28

7
7

63

Weight

35.3%
35.3%

34.3%
34.3%

30.4%
30.4%

100.0%

Mean Difference
IV, Random, 95% CI

-0.01 [-1.60 , 1.58]
-0.01 [-1.60 , 1.58]

0.39 [-1.25 , 2.03]
0.39 [-1.25 , 2.03]

-2.00 [-3.84 , -0.16]
-2.00 [-3.84 , -0.16]

-0.48 [-1.86 , 0.90]

Mean Difference
IV, Random, 95% CI

-10 -5 0 5 10
Favours H2 Antagonists Favours control
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Comparison 3.   Monoamine modulators versus placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3.1 Weight: average end-
point/change in body
weight

3 103 Mean Difference (IV, Random, 95%
CI)

-1.89 [-3.31, -0.47]

3.1.1 Reboxetine 2 79 Mean Difference (IV, Random, 95%
CI)

-1.90 [-3.07, -0.72]

3.1.2 Fluoxetine 1 24 Mean Difference (IV, Random, 95%
CI)

6.40 [-7.56, 20.36]

3.2 Weight: average end-
point/change in body mass
index (BMI)

3 103 Mean Difference (IV, Random, 95%
CI)

-0.66 [-1.05, -0.26]

3.2.1 Reboxetine 2 79 Mean Difference (IV, Random, 95%
CI)

-0.68 [-1.08, -0.28]

3.2.2 Fluoxetine 1 24 Mean Difference (IV, Random, 95%
CI)

1.10 [-2.35, 4.55]

3.3 Leaving the study early:
for any reason

3 115 Risk Ratio (M-H, Random, 95% CI) 1.05 [0.56, 1.94]

3.3.1 Reboxetine 2 85 Risk Ratio (M-H, Random, 95% CI) 0.92 [0.47, 1.82]

3.3.2 Fluoxetine 1 30 Risk Ratio (M-H, Random, 95% CI) 2.00 [0.43, 9.32]

3.4 Mental state: SANS
(higher = worse)

3 103 Mean Difference (IV, Random, 95%
CI)

-0.14 [-1.98, 1.71]

3.4.1 Reboxetine 2 79 Mean Difference (IV, Random, 95%
CI)

-0.56 [-2.67, 1.55]

3.4.2 Fluoxetine 1 24 Mean Difference (IV, Random, 95%
CI)

1.24 [-2.54, 5.02]

3.5 Mental state: SAPS
(higher = worse)

3 103 Mean Difference (IV, Random, 95%
CI)

0.09 [-2.01, 2.19]

3.5.1 Reboxetine 2 79 Mean Difference (IV, Random, 95%
CI)

-2.42 [-8.87, 4.04]

3.5.2 Fluoxetine 1 24 Mean Difference (IV, Random, 95%
CI)

1.09 [-0.36, 2.54]

3.6 Mental state: CGI (higher
= worse)

2 79 Mean Difference (IV, Random, 95%
CI)

0.13 [-0.28, 0.54]

3.6.1 Reboxetine 2 79 Mean Difference (IV, Random, 95%
CI)

0.13 [-0.28, 0.54]

3.7 Mental state: HAM-D
(higher = worse)

2 79 Mean Difference (IV, Random, 95%
CI)

-2.12 [-4.22, -0.01]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3.7.1 Reboxetine 2 79 Mean Difference (IV, Random, 95%
CI)

-2.12 [-4.22, -0.01]

3.8 Adverse effects 1   Mean Difference (IV, Random, 95%
CI)

Subtotals only

3.8.1 Neurological: change
in BAS

1 59 Mean Difference (IV, Random, 95%
CI)

-0.18 [-0.65, 0.29]

3.8.2 Neurological: change
in SAS

1 59 Mean Difference (IV, Random, 95%
CI)

0.26 [-1.00, 1.52]

3.8.3 Gastrointestinal: in-
creased appetite

1 59 Mean Difference (IV, Random, 95%
CI)

-0.68 [-1.19, -0.17]

 
 

Analysis 3.1.   Comparison 3: Monoamine modulators versus placebo,
Outcome 1: Weight: average endpoint/change in body weight

Study or Subgroup

3.1.1 Reboxetine
Poyurovsky 2003 (1)
Poyurovsky 2007 (1)
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.91, df = 1 (P = 0.34); I² = 0%
Test for overall effect: Z = 3.17 (P = 0.002)

3.1.2 Fluoxetine
Poyurovsky 2002
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.90 (P = 0.37)

Total (95% CI)
Heterogeneity: Tau² = 0.27; Chi² = 2.26, df = 2 (P = 0.32); I² = 12%
Test for overall effect: Z = 2.61 (P = 0.009)
Test for subgroup differences: Chi² = 1.35, df = 1 (P = 0.25), I² = 25.8%

Monoamine Modulator
Mean [kg]

2.5
3.31

74.6

SD [kg]

2.7
2.73

18.4

Total

10
31
41

11
11

52

Placebo
Mean [kg]

5.5
4.91

68.2

SD [kg]

3.1
2.45

16.1

Total

10
28
38

13
13

51

Weight

26.7%
72.2%
99.0%

1.0%
1.0%

100.0%

Mean Difference
IV, Random, 95% CI [kg]

-3.00 [-5.55 , -0.45]
-1.60 [-2.92 , -0.28]
-1.90 [-3.07 , -0.72]

6.40 [-7.56 , 20.36]
6.40 [-7.56 , 20.36]

-1.89 [-3.31 , -0.47]

Mean Difference
IV, Random, 95% CI [kg]

-20 -10 0 10 20
Monoamine Modulator Control

Footnotes
(1) change from baseline data used in stead of endpoint data as it reflects the effects more accurately
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Analysis 3.2.   Comparison 3: Monoamine modulators versus placebo,
Outcome 2: Weight: average endpoint/change in body mass index (BMI)

Study or Subgroup

3.2.1 Reboxetine
Poyurovsky 2003 (1)
Poyurovsky 2007 (1)
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.66, df = 1 (P = 0.42); I² = 0%
Test for overall effect: Z = 3.36 (P = 0.0008)

3.2.2 Fluoxetine
Poyurovsky 2002
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.63 (P = 0.53)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 1.68, df = 2 (P = 0.43); I² = 0%
Test for overall effect: Z = 3.26 (P = 0.001)
Test for subgroup differences: Chi² = 1.01, df = 1 (P = 0.31), I² = 1.3%

Monoamine Modulator
Mean [kg/m2]

0.86
1.12

24.3

SD [kg/m2]

0.88
0.87

4.6

Total

10
31
41

11
11

52

Placebo
Mean [kg/m2]

1.84
1.71

23.2

SD [kg/m2]

0.99
0.91

3.9

Total

10
28
38

13
13

51

Weight

23.2%
75.5%
98.7%

1.3%
1.3%

100.0%

Mean Difference
IV, Random, 95% CI [kg/m2]

-0.98 [-1.80 , -0.16]
-0.59 [-1.05 , -0.13]
-0.68 [-1.08 , -0.28]

1.10 [-2.35 , 4.55]
1.10 [-2.35 , 4.55]

-0.66 [-1.05 , -0.26]

Mean Difference
IV, Random, 95% CI [kg/m2]

-100 -50 0 50 100
Monoamine Modulator Control

Footnotes
(1) change from baseline data used in stead of endpoint data as it reflects the effects more accurately

 
 

Analysis 3.3.   Comparison 3: Monoamine modulators versus
placebo, Outcome 3: Leaving the study early: for any reason

Study or Subgroup

3.3.1 Reboxetine
Poyurovsky 2003
Poyurovsky 2007
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.02, df = 1 (P = 0.90); I² = 0%
Test for overall effect: Z = 0.23 (P = 0.82)

3.3.2 Fluoxetine
Poyurovsky 2002
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.88 (P = 0.38)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.83, df = 2 (P = 0.66); I² = 0%
Test for overall effect: Z = 0.15 (P = 0.88)
Test for subgroup differences: Chi² = 0.81, df = 1 (P = 0.37), I² = 0%

Monoamine Modulator
Events

3
9

12

4

4

16

Total

13
31
44

15
15

59

Placebo
Events

3
9

12

2

2

14

Total

13
28
41

15
15

56

Weight

19.4%
64.5%
83.9%

16.1%
16.1%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.00 [0.25 , 4.07]
0.90 [0.42 , 1.95]
0.92 [0.47 , 1.82]

2.00 [0.43 , 9.32]
2.00 [0.43 , 9.32]

1.05 [0.56 , 1.94]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Monoamine Modulator Control
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Analysis 3.4.   Comparison 3: Monoamine modulators versus
placebo, Outcome 4: Mental state: SANS (higher = worse)

Study or Subgroup

3.4.1 Reboxetine
Poyurovsky 2003
Poyurovsky 2007
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.27, df = 1 (P = 0.60); I² = 0%
Test for overall effect: Z = 0.52 (P = 0.60)

3.4.2 Fluoxetine
Poyurovsky 2002
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.64 (P = 0.52)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.93, df = 2 (P = 0.63); I² = 0%
Test for overall effect: Z = 0.14 (P = 0.89)
Test for subgroup differences: Chi² = 0.67, df = 1 (P = 0.41), I² = 0%

Monoamine Modulator
Mean

18.9
-4.52

8.09

SD

13.4
3.82

5.41

Total

10
31
41

11
11

52

Placebo
Mean

23.2
-4.04

6.85

SD

18.8
4.47

3.72

Total

10
28
38

13
13

51

Weight

1.7%
74.6%
76.3%

23.7%
23.7%

100.0%

Mean Difference
IV, Random, 95% CI

-4.30 [-18.61 , 10.01]
-0.48 [-2.61 , 1.65]
-0.56 [-2.67 , 1.55]

1.24 [-2.54 , 5.02]
1.24 [-2.54 , 5.02]

-0.14 [-1.98 , 1.71]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Monoamine Modulator Control

 
 

Analysis 3.5.   Comparison 3: Monoamine modulators versus
placebo, Outcome 5: Mental state: SAPS (higher = worse)

Study or Subgroup

3.5.1 Reboxetine
Poyurovsky 2003
Poyurovsky 2007
Subtotal (95% CI)
Heterogeneity: Tau² = 15.45; Chi² = 2.78, df = 1 (P = 0.10); I² = 64%
Test for overall effect: Z = 0.73 (P = 0.46)

3.5.2 Fluoxetine
Poyurovsky 2002
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.47 (P = 0.14)

Total (95% CI)
Heterogeneity: Tau² = 1.70; Chi² = 4.37, df = 2 (P = 0.11); I² = 54%
Test for overall effect: Z = 0.08 (P = 0.93)
Test for subgroup differences: Chi² = 1.08, df = 1 (P = 0.30), I² = 7.3%

Monoamine Modulator
Mean

4.8
-3.19

2.09

SD

3.9
3.74

2.02

Total

10
31
41

11
11

52

Placebo
Mean

11.8
-3.14

1

SD

12.2
3.88

1.53

Total

10
28
38

13
13

51

Weight

6.3%
42.7%
49.0%

51.0%
51.0%

100.0%

Mean Difference
IV, Random, 95% CI

-7.00 [-14.94 , 0.94]
-0.05 [-2.00 , 1.90]
-2.42 [-8.87 , 4.04]

1.09 [-0.36 , 2.54]
1.09 [-0.36 , 2.54]

0.09 [-2.01 , 2.19]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Monoamine Modulator Control
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Analysis 3.6.   Comparison 3: Monoamine modulators versus placebo, Outcome 6: Mental state: CGI (higher = worse)

Study or Subgroup

3.6.1 Reboxetine
Poyurovsky 2003
Poyurovsky 2007
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.00, df = 1 (P = 0.95); I² = 0%
Test for overall effect: Z = 0.64 (P = 0.52)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.00, df = 1 (P = 0.95); I² = 0%
Test for overall effect: Z = 0.64 (P = 0.52)
Test for subgroup differences: Not applicable

Monoamine Modulator
Mean

3.1
-0.82

SD

1.3
0.9

Total

10
31
41

41

Placebo
Mean

3
-0.96

SD

1.1
0.84

Total

10
28
38

38

Weight

15.0%
85.0%

100.0%

100.0%

Mean Difference
IV, Random, 95% CI

0.10 [-0.96 , 1.16]
0.14 [-0.30 , 0.58]
0.13 [-0.28 , 0.54]

0.13 [-0.28 , 0.54]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Monoamine Modulator Control

 
 

Analysis 3.7.   Comparison 3: Monoamine modulators versus
placebo, Outcome 7: Mental state: HAM-D (higher = worse)

Study or Subgroup

3.7.1 Reboxetine
Poyurovsky 2003 (1)
Poyurovsky 2007
Subtotal (95% CI)
Heterogeneity: Tau² = 0.85; Chi² = 1.59, df = 1 (P = 0.21); I² = 37%
Test for overall effect: Z = 1.97 (P = 0.05)

Total (95% CI)
Heterogeneity: Tau² = 0.85; Chi² = 1.59, df = 1 (P = 0.21); I² = 37%
Test for overall effect: Z = 1.97 (P = 0.05)
Test for subgroup differences: Not applicable

Monoamine Modulator
Mean

3.6
-4.65

SD

1.8
3.73

Total

10
31
41

41

Placebo
Mean

4.6
-1.5

SD

3.5
5.07

Total

10
28
38

38

Weight

48.0%
52.0%

100.0%

100.0%

Mean Difference
IV, Random, 95% CI

-1.00 [-3.44 , 1.44]
-3.15 [-5.44 , -0.86]
-2.12 [-4.22 , -0.01]

-2.12 [-4.22 , -0.01]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Monoamine Modulator Control

Footnotes
(1) treatment group at a higher HAM-D score at baseline (change data reflects the significant effects of treatment)
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Analysis 3.8.   Comparison 3: Monoamine modulators versus placebo, Outcome 8: Adverse e6ects

Study or Subgroup

3.8.1 Neurological: change in BAS
Poyurovsky 2007
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.74 (P = 0.46)

3.8.2 Neurological: change in SAS
Poyurovsky 2007
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.40 (P = 0.69)

3.8.3 Gastrointestinal: increased appetite
Poyurovsky 2007
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 2.59 (P = 0.010)

Test for subgroup differences: Chi² = 2.97, df = 2 (P = 0.23), I² = 32.6%

Monoamine Modulator
Mean

-0.68

-2.1

0.82

SD

0.94

2.49

1.13

Total

31
31

31
31

31
31

Placebo
Mean

-0.5

-2.36

1.5

SD

0.92

2.45

0.88

Total

28
28

28
28

28
28

Weight

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

Mean Difference
IV, Random, 95% CI

-0.18 [-0.65 , 0.29]
-0.18 [-0.65 , 0.29]

0.26 [-1.00 , 1.52]
0.26 [-1.00 , 1.52]

-0.68 [-1.19 , -0.17]
-0.68 [-1.19 , -0.17]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Monoamine Modulator Control

 
 

Comparison 4.   Topiramate versus placebo/no-pharmacological weight gain prevention treatment

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

4.1 Weight: average end-
point/change in body weight

3 168 Mean Difference (IV, Random,
95% CI)

-4.82 [-9.99, 0.35]

4.2 Weight: average end-
point/change in body mass index

2 120 Mean Difference (IV, Random,
95% CI)

-2.68 [-4.10, -1.26]

4.3 Leaving the study early: for any
reason

2 132 Risk Ratio (M-H, Random, 95%
CI)

1.09 [0.85, 1.41]

4.4 Reports of nausea 2 120 Risk Ratio (M-H, Random, 95%
CI)

1.20 [0.26, 5.44]

4.5 Mental state 2   Mean Difference (IV, Random,
95% CI)

Subtotals only

4.5.1 Average score: PANSS gener-
al psychopathology scale (higher =
worse)

2 120 Mean Difference (IV, Random,
95% CI)

-1.53 [-2.16, -0.90]

4.5.2 Average score: PANSS posi-
tive (higher = worse)

2 120 Mean Difference (IV, Random,
95% CI)

-0.46 [-1.02, 0.09]

4.5.3 Average score: PANSS nega-
tive (higher = worse)

2 120 Mean Difference (IV, Random,
95% CI)

-0.35 [-0.79, 0.08]

4.5.4 Average score: PANSS total
(higher = worse)

2 120 Mean Difference (IV, Random,
95% CI)

-2.08 [-3.07, -1.10]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

4.6 Adverse effects 2   Risk Ratio (M-H, Random, 95%
CI)

Subtotals only

4.6.1 Gastrointestinal: constipa-
tion

1 67 Risk Ratio (M-H, Random, 95%
CI)

0.21 [0.03, 1.67]

4.6.2 Gastrointestinal: dry mouth 2 120 Risk Ratio (M-H, Random, 95%
CI)

0.61 [0.27, 1.37]

4.6.3 Gastrointestinal: increased
appetite

2 120 Risk Ratio (M-H, Random, 95%
CI)

0.26 [0.10, 0.66]

4.6.4 Gastrointestinal: nau-
sea/vomiting/diarrhoea

1 67 Risk Ratio (M-H, Random, 95%
CI)

3.09 [0.34, 28.23]

4.6.5 Gastrointestinal: weight gain 2 120 Risk Ratio (M-H, Random, 95%
CI)

0.14 [0.07, 0.26]

4.6.6 Neurological: asthenia 1 67 Risk Ratio (M-H, Random, 95%
CI)

0.90 [0.37, 2.20]

4.6.7 Neurological: concentra-
tion/attention/memory difficulty

2 120 Risk Ratio (M-H, Random, 95%
CI)

8.97 [1.17, 68.63]

4.6.8 Neurological: dizziness 2 120 Risk Ratio (M-H, Random, 95%
CI)

0.41 [0.18, 0.91]

4.6.9 Neurological: fatigue 2 120 Risk Ratio (M-H, Random, 95%
CI)

1.02 [0.53, 1.96]

4.6.10 Neurological: insomnia 1 67 Risk Ratio (M-H, Random, 95%
CI)

0.52 [0.05, 5.41]

4.6.11 Neurological: paraesthesia 1 67 Risk Ratio (M-H, Random, 95%
CI)

7.21 [0.39, 134.32]

4.6.12 Neurological: psychomotor
slowing

1 67 Risk Ratio (M-H, Random, 95%
CI)

9.26 [0.52, 165.60]

4.6.13 Neurological: somnolence 1 67 Risk Ratio (M-H, Random, 95%
CI)

1.23 [0.88, 1.70]

4.7 Physiological: cardiovascular
measures

1   Mean Difference (IV, Random,
95% CI)

Subtotals only

4.7.1 Cardiovascular measure: di-
astolic blood pressure [mm Hg]

1 67 Mean Difference (IV, Random,
95% CI)

-3.47 [-6.12, -0.82]

4.7.2 Cardiovascular measure: sys-
tolic blood pressure [mm Hg]

1 67 Mean Difference (IV, Random,
95% CI)

-4.62 [-8.14, -1.10]

4.8 Physiological: laboratory mea-
sures

2   Mean Difference (IV, Random,
95% CI)

Subtotals only
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

4.8.1 Fasting blood glucose (mg/
dL)

2 120 Mean Difference (IV, Random,
95% CI)

-9.22 [-12.59, -5.86]

4.8.2 HDL cholesterol (mg/dL) 2 120 Mean Difference (IV, Random,
95% CI)

0.36 [-1.59, 2.31]

4.8.3 Insulin (ulU/mL) 1 67 Mean Difference (IV, Random,
95% CI)

-0.04 [-3.66, 3.58]

4.8.4 Insulin resistance Index 1 67 Mean Difference (IV, Random,
95% CI)

-0.27 [-1.10, 0.56]

4.8.5 LDL cholesterol (mg/dL) 2 120 Mean Difference (IV, Random,
95% CI)

-7.99 [-21.82, 5.84]

4.8.6 Leptin (ng/mL) 1 67 Mean Difference (IV, Random,
95% CI)

-3.84 [-8.52, 0.84]

4.8.7 Total cholesterol (mg/dL) 2 120 Mean Difference (IV, Random,
95% CI)

-11.69 [-31.86, 8.48]

4.8.8 Triglycerides (mg/dl) 2 120 Mean Difference (IV, Random,
95% CI)

-5.12 [-18.70, 8.46]

4.8.9 VLDL cholesterol (mg/dL) 1 67 Mean Difference (IV, Random,
95% CI)

-1.30 [-6.09, 3.49]

 
 

Analysis 4.1.   Comparison 4: Topiramate versus placebo/no-pharmacological weight
gain prevention treatment, Outcome 1: Weight: average endpoint/change in body weight

Study or Subgroup

Kim 2006
Liu 2011
Narula 2010

Total (95% CI)
Heterogeneity: Tau² = 15.17; Chi² = 7.74, df = 2 (P = 0.02); I² = 74%
Test for overall effect: Z = 1.83 (P = 0.07)
Test for subgroup differences: Not applicable

Topiramate
Mean [kg]

2.66
49.34
52.73

SD [kg]

1.79
10.49

12.9

Total

25
27
33

85

Control
Mean [kg]

4.02
58.45
58.85

SD [kg]

2.52
12.28

13.1

Total

23
26
34

83

Weight

44.7%
27.8%
27.5%

100.0%

Mean Difference
IV, Random, 95% CI [kg]

-1.36 [-2.61 , -0.11]
-9.11 [-15.27 , -2.95]
-6.12 [-12.35 , 0.11]

-4.82 [-9.99 , 0.35]

Mean Difference
IV, Random, 95% CI [kg]

-20 -10 0 10 20
Favours topiramate Favours control

 
 

Analysis 4.2.   Comparison 4: Topiramate versus placebo/no-pharmacological weight gain
prevention treatment, Outcome 2: Weight: average endpoint/change in body mass index

Study or Subgroup

Liu 2011
Narula 2010

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.11, df = 1 (P = 0.74); I² = 0%
Test for overall effect: Z = 3.70 (P = 0.0002)
Test for subgroup differences: Not applicable

Topiramate
Mean [kg/m2]

20.18
20.1

SD [kg/m2]

3.64
4

Total

27
33

60

Control
Mean [kg/m2]

23.12
22.55

SD [kg/m2]

4.05
4.1

Total

26
34

60

Weight

46.6%
53.4%

100.0%

Mean Difference
IV, Random, 95% CI [kg/m2]

-2.94 [-5.02 , -0.86]
-2.45 [-4.39 , -0.51]

-2.68 [-4.10 , -1.26]

Mean Difference
IV, Random, 95% CI [kg/m2]

-10 -5 0 5 10
Favours topiramate Favours control
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Analysis 4.3.   Comparison 4: Topiramate versus placebo/no-pharmacological weight
gain prevention treatment, Outcome 3: Leaving the study early: for any reason

Study or Subgroup

Kim 2006
Narula 2010

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.16, df = 1 (P = 0.69); I² = 0%
Test for overall effect: Z = 0.70 (P = 0.48)
Test for subgroup differences: Not applicable

Topiramate
Events

25
3

28

Total

30
36

66

Control
Events

23
2

25

Total

30
36

66

Weight

97.9%
2.1%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.09 [0.84 , 1.40]
1.50 [0.27 , 8.45]

1.09 [0.85 , 1.41]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours topiramate Favours control

 
 

Analysis 4.4.   Comparison 4: Topiramate versus placebo/no-pharmacological
weight gain prevention treatment, Outcome 4: Reports of nausea

Study or Subgroup

Liu 2011
Narula 2010

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.23; Chi² = 1.23, df = 1 (P = 0.27); I² = 18%
Test for overall effect: Z = 0.23 (P = 0.82)
Test for subgroup differences: Not applicable

Topiramate
Events

2
3

5

Total

27
33

60

Control
Events

3
1

4

Total

26
34

60

Weight

60.3%
39.7%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.64 [0.12 , 3.54]
3.09 [0.34 , 28.23]

1.20 [0.26 , 5.44]

Risk Ratio
M-H, Random, 95% CI

0.005 0.1 1 10 200
Favours topiramate Favours control
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Analysis 4.5.   Comparison 4: Topiramate versus placebo/no-
pharmacological weight gain prevention treatment, Outcome 5: Mental state

Study or Subgroup

4.5.1 Average score: PANSS general psychopathology scale (higher = worse)
Liu 2011
Narula 2010
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.14, df = 1 (P = 0.71); I² = 0%
Test for overall effect: Z = 4.77 (P < 0.00001)

4.5.2 Average score: PANSS positive (higher = worse)
Liu 2011
Narula 2010
Subtotal (95% CI)
Heterogeneity: Tau² = 0.08; Chi² = 1.65, df = 1 (P = 0.20); I² = 39%
Test for overall effect: Z = 1.63 (P = 0.10)

4.5.3 Average score: PANSS negative (higher = worse)
Liu 2011
Narula 2010
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.00, df = 1 (P = 0.99); I² = 0%
Test for overall effect: Z = 1.58 (P = 0.11)

4.5.4 Average score: PANSS total (higher = worse)
Liu 2011
Narula 2010
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.01, df = 1 (P = 0.94); I² = 0%
Test for overall effect: Z = 4.17 (P < 0.0001)

Test for subgroup differences: Chi² = 17.24, df = 3 (P = 0.0006), I² = 82.6%

Topiramate
Mean

12.57
16.7

9.31
7.18

11.87
7.33

34.21
31.21

SD

3.02
1.1

1.55
0.6

2.39
0.8

3.61
2.1

Total

27
33
60

27
33
60

27
33
60

27
33
60

Control
Mean

14.38
18.18

10.24
7.47

12.23
7.68

36.23
33.32

SD

2.95
1.7

1.84
0.8

2.71
1.1

3.27
2.7

Total

26
34
60

26
34
60

26
34
60

26
34
60

Weight

15.3%
84.7%

100.0%

26.9%
73.1%

100.0%

10.0%
90.0%

100.0%

28.0%
72.0%

100.0%

Mean Difference
IV, Random, 95% CI

-1.81 [-3.42 , -0.20]
-1.48 [-2.16 , -0.80]
-1.53 [-2.16 , -0.90]

-0.93 [-1.85 , -0.01]
-0.29 [-0.63 , 0.05]
-0.46 [-1.02 , 0.09]

-0.36 [-1.74 , 1.02]
-0.35 [-0.81 , 0.11]
-0.35 [-0.79 , 0.08]

-2.02 [-3.87 , -0.17]
-2.11 [-3.27 , -0.95]
-2.08 [-3.07 , -1.10]

Mean Difference
IV, Random, 95% CI

-4 -2 0 2 4
Favours topiramate Favours control
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Analysis 4.6.   Comparison 4: Topiramate versus placebo/no-pharmacological weight gain prevention treatment,
Outcome 6: Adverse e6ects

Study or Subgroup

4.6.1 Gastrointestinal: constipation
Narula 2010
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.48 (P = 0.14)

4.6.2 Gastrointestinal: dry mouth
Liu 2011
Narula 2010
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.01, df = 1 (P = 0.92); I² = 0%
Test for overall effect: Z = 1.19 (P = 0.24)

4.6.3 Gastrointestinal: increased appetite
Liu 2011
Narula 2010
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.62, df = 1 (P = 0.43); I² = 0%
Test for overall effect: Z = 2.83 (P = 0.005)

4.6.4 Gastrointestinal: nausea/vomiting/diarrhoea
Narula 2010
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.00 (P = 0.32)

4.6.5 Gastrointestinal: weight gain
Liu 2011
Narula 2010
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.47, df = 1 (P = 0.49); I² = 0%
Test for overall effect: Z = 6.08 (P < 0.00001)

4.6.6 Neurological: asthenia
Narula 2010
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.23 (P = 0.82)

4.6.7 Neurological: concentration/attention/memory difficulty
Liu 2011
Narula 2010
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.00, df = 1 (P = 0.97); I² = 0%
Test for overall effect: Z = 2.11 (P = 0.03)

Topiramate
Events

1

1

4
4

8

3
2

5

3

3

4
3

7

7

7

4
4

8

Total

33
33

27
33
60

27
33
60

33
33

27
33
60

33
33

27
33
60

Control
Events

5

5

6
7

13

8
12

20

1

1

26
34

60

8

8

0
0

0

Total

34
34

26
34
60

26
34
60

34
34

26
34
60

34
34

26
34
60

Weight

100.0%
100.0%

49.4%
50.6%

100.0%

57.8%
42.2%

100.0%

100.0%
100.0%

57.8%
42.2%

100.0%

100.0%
100.0%

50.2%
49.8%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.21 [0.03 , 1.67]
0.21 [0.03 , 1.67]

0.64 [0.20 , 2.02]
0.59 [0.19 , 1.82]
0.61 [0.27 , 1.37]

0.36 [0.11 , 1.21]
0.17 [0.04 , 0.71]
0.26 [0.10 , 0.66]

3.09 [0.34 , 28.23]
3.09 [0.34 , 28.23]

0.16 [0.07 , 0.38]
0.10 [0.04 , 0.28]
0.14 [0.07 , 0.26]

0.90 [0.37 , 2.20]
0.90 [0.37 , 2.20]

8.68 [0.49 , 153.60]
9.26 [0.52 , 165.60]
8.97 [1.17 , 68.63]

Risk Ratio
M-H, Random, 95% CI

 

Pharmacological interventions for prevention of weight gain in people with schizophrenia (Review)

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

119



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

 

Analysis 4.6.   (Continued)
Heterogeneity: Tau² = 0.00; Chi² = 0.00, df = 1 (P = 0.97); I² = 0%
Test for overall effect: Z = 2.11 (P = 0.03)

4.6.8 Neurological: dizziness
Liu 2011
Narula 2010
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.02, df = 1 (P = 0.90); I² = 0%
Test for overall effect: Z = 2.19 (P = 0.03)

4.6.9 Neurological: fatigue
Liu 2011
Narula 2010
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.11; Chi² = 2.04, df = 1 (P = 0.15); I² = 51%
Test for overall effect: Z = 0.07 (P = 0.94)

4.6.10 Neurological: insomnia
Narula 2010
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.55 (P = 0.58)

4.6.11 Neurological: paraesthesia
Narula 2010
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.32 (P = 0.19)

4.6.12 Neurological: psychomotor slowing
Narula 2010
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.51 (P = 0.13)

4.6.13 Neurological: somnolence
Narula 2010
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.22 (P = 0.22)

Test for subgroup differences: Chi² = 58.19, df = 12 (P < 0.00001), I² = 79.4%

4
3

7

9
15

24

1

1

3

3

4

4

25

25

27
33
60

27
33
60

33
33

33
33

33
33

33
33

9
8

17

12
11

23

2

2

0

0

0

0

21

21

26
34
60

26
34
60

34
34

34
34

34
34

34
34

58.3%
41.7%

100.0%

47.6%
52.4%

100.0%

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

0.43 [0.15 , 1.22]
0.39 [0.11 , 1.33]
0.41 [0.18 , 0.91]

0.72 [0.37 , 1.42]
1.40 [0.76 , 2.59]
1.02 [0.53 , 1.96]

0.52 [0.05 , 5.41]
0.52 [0.05 , 5.41]

7.21 [0.39 , 134.32]
7.21 [0.39 , 134.32]

9.26 [0.52 , 165.60]
9.26 [0.52 , 165.60]

1.23 [0.88 , 1.70]
1.23 [0.88 , 1.70]

0.005 0.1 1 10 200
Favours topiramate Favours control
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Analysis 4.7.   Comparison 4: Topiramate versus placebo/no-pharmacological weight
gain prevention treatment, Outcome 7: Physiological: cardiovascular measures

Study or Subgroup

4.7.1 Cardiovascular measure: diastolic blood pressure [mm Hg]
Narula 2010
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 2.57 (P = 0.01)

4.7.2 Cardiovascular measure: systolic blood pressure [mm Hg]
Narula 2010
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 2.57 (P = 0.01)

Test for subgroup differences: Chi² = 0.26, df = 1 (P = 0.61), I² = 0%

Topiramate
Mean

77.94

117.88

SD

4.8

7

Total

33
33

33
33

Control
Mean

81.41

122.5

SD

6.2

7.71

Total

34
34

34
34

Weight

100.0%
100.0%

100.0%
100.0%

Mean Difference
IV, Random, 95% CI

-3.47 [-6.12 , -0.82]
-3.47 [-6.12 , -0.82]

-4.62 [-8.14 , -1.10]
-4.62 [-8.14 , -1.10]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours topiramate Favours control
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Analysis 4.8.   Comparison 4: Topiramate versus placebo/no-pharmacological weight gain prevention treatment,
Outcome 8: Physiological: laboratory measures

Study or Subgroup

4.8.1 Fasting blood glucose (mg/dL)
Liu 2011
Narula 2010
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.38, df = 1 (P = 0.54); I² = 0%
Test for overall effect: Z = 5.37 (P < 0.00001)

4.8.2 HDL cholesterol (mg/dL)
Liu 2011
Narula 2010
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.12, df = 1 (P = 0.73); I² = 0%
Test for overall effect: Z = 0.36 (P = 0.72)

4.8.3 Insulin (ulU/mL)
Narula 2010
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.02 (P = 0.98)

4.8.4 Insulin resistance Index
Narula 2010
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.64 (P = 0.52)

4.8.5 LDL cholesterol (mg/dL)
Liu 2011
Narula 2010
Subtotal (95% CI)
Heterogeneity: Tau² = 81.94; Chi² = 5.06, df = 1 (P = 0.02); I² = 80%
Test for overall effect: Z = 1.13 (P = 0.26)

4.8.6 Leptin (ng/mL)
Narula 2010
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.61 (P = 0.11)

4.8.7 Total cholesterol (mg/dL)
Liu 2011
Narula 2010
Subtotal (95% CI)
Heterogeneity: Tau² = 191.08; Chi² = 10.06, df = 1 (P = 0.002); I² = 90%
Test for overall effect: Z = 1.14 (P = 0.26)

4.8.8 Triglycerides (mg/dl)
Liu 2011
Narula 2010
Subtotal (95% CI)
Heterogeneity: Tau² = 63.04; Chi² = 2.07, df = 1 (P = 0.15); I² = 52%
Test for overall effect: Z = 0.74 (P = 0.46)

4.8.9 VLDL cholesterol (mg/dL)
Narula 2010
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.53 (P = 0.59)

Test for subgroup differences: Chi² = 31.31, df = 8 (P = 0.0001), I² = 74.5%

Topiramate
Mean

94.14
78.24

22.86
43

12.47

2.53

47.88
66.76

16.26

86.04
133.3

27.36
94.4

26.3

SD

9
6.7

3.78
9.36

7.9

1.65

6.66
20.7

8.4

13.5
30.7

5.94
45.2

9.5

Total

27
33
60

27
33
60

33
33

33
33

27
33
60

33
33

27
33
60

27
33
60

33
33

Control
Mean

102.24
88.47

22.68
41.97

12.51

2.8

49.86
83.03

20.1

87.84
155.7

28.26
110.9

27.6

SD

9.18
12

4.32
8.5

7.2

1.8

7.74
28.2

11.02

12.42
5.7

6.12
42.3

10.5

Total

26
34
60

26
34
60

34
34

34
34

26
34
60

34
34

26
34
60

26
34
60

34
34

Weight

47.3%
52.7%

100.0%

79.3%
20.7%

100.0%

100.0%
100.0%

100.0%
100.0%

57.9%
42.1%

100.0%

100.0%
100.0%

52.0%
48.0%

100.0%

73.0%
27.0%

100.0%

100.0%
100.0%

Mean Difference
IV, Random, 95% CI

-8.10 [-13.00 , -3.20]
-10.23 [-14.87 , -5.59]

-9.22 [-12.59 , -5.86]

0.18 [-2.01 , 2.37]
1.03 [-3.26 , 5.32]
0.36 [-1.59 , 2.31]

-0.04 [-3.66 , 3.58]
-0.04 [-3.66 , 3.58]

-0.27 [-1.10 , 0.56]
-0.27 [-1.10 , 0.56]

-1.98 [-5.87 , 1.91]
-16.27 [-28.09 , -4.45]

-7.99 [-21.82 , 5.84]

-3.84 [-8.52 , 0.84]
-3.84 [-8.52 , 0.84]

-1.80 [-8.78 , 5.18]
-22.40 [-33.05 , -11.75]

-11.69 [-31.86 , 8.48]

-0.90 [-4.15 , 2.35]
-16.50 [-37.48 , 4.48]

-5.12 [-18.70 , 8.46]

-1.30 [-6.09 , 3.49]
-1.30 [-6.09 , 3.49]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
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Analysis 4.8.   (Continued)

Test for subgroup differences: Chi² = 31.31, df = 8 (P = 0.0001), I² = 74.5% -100 -50 0 50 100
Favours topiramate Favours control

 
 

Comparison 5.   Melatonin versus placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

5.1 Weight: average end-
point/change in body weight

1   Mean Difference (IV, Random,
95% CI)

Totals not select-
ed

5.2 Weight: average end-
point/change in body mass index

1   Mean Difference (IV, Random,
95% CI)

Totals not select-
ed

5.3 Weight: average end-
point/change in waist circumfer-
ence

1   Mean Difference (IV, Random,
95% CI)

Totals not select-
ed

5.4 Weight: average end-
point/change in hip circumference

1   Mean Difference (IV, Random,
95% CI)

Totals not select-
ed

5.5 Weight: average end-
point/change in waist/hip ratio

1   Mean Difference (IV, Random,
95% CI)

Totals not select-
ed

5.6 Leaving the study early: for any
reason

1   Risk Ratio (M-H, Random, 95%
CI)

Totals not select-
ed

5.7 Mental state 1   Mean Difference (IV, Random,
95% CI)

Totals not select-
ed

5.7.1 Average score: PANSS gener-
al psychopathology scale (higher =
worse)

1   Mean Difference (IV, Random,
95% CI)

Totals not select-
ed

5.7.2 Average score: PANSS positive
(higher = worse)

1   Mean Difference (IV, Random,
95% CI)

Totals not select-
ed

5.7.3 Average score: PANSS negative
(higher = worse)

1   Mean Difference (IV, Random,
95% CI)

Totals not select-
ed

5.7.4 Average score: PANSS total
(higher = worse)

1   Mean Difference (IV, Random,
95% CI)

Totals not select-
ed

5.8 Physiological: laboratory mea-
sures

1   Mean Difference (IV, Random,
95% CI)

Totals not select-
ed

5.8.1 Fasting blood glucose (mg/dL) 1   Mean Difference (IV, Random,
95% CI)

Totals not select-
ed

5.8.2 HDL cholesterol (mg/dL) 1   Mean Difference (IV, Random,
95% CI)

Totals not select-
ed

5.8.3 Insulin (ulU/mL) 1   Mean Difference (IV, Random,
95% CI)

Totals not select-
ed
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

5.8.4 Insulin resistance index 1   Mean Difference (IV, Random,
95% CI)

Totals not select-
ed

5.8.5 LDL cholesterol (mg/dL) 1   Mean Difference (IV, Random,
95% CI)

Totals not select-
ed

5.8.6 Total cholesterol (mg/dL) 1   Mean Difference (IV, Random,
95% CI)

Totals not select-
ed

5.8.7 Triglycerides (mg/dL) 1   Mean Difference (IV, Random,
95% CI)

Totals not select-
ed

 
 

Analysis 5.1.   Comparison 5: Melatonin versus placebo,
Outcome 1: Weight: average endpoint/change in body weight

Study or Subgroup

Modabbernia 2014

Melatonin
Mean

2.2

SD

2.5456

Total

18

Control
Mean

5.4

SD

5.176

Total

18

Mean Difference
IV, Random, 95% CI

-3.20 [-5.86 , -0.54]

Mean Difference
IV, Random, 95% CI

-20 -10 0 10 20
Favours melatonin Favours control

 
 

Analysis 5.2.   Comparison 5: Melatonin versus placebo, Outcome
2: Weight: average endpoint/change in body mass index

Study or Subgroup

Modabbernia 2014

Melatonin
Mean [kg/m2]

0.8

SD [kg/m2]

0.891

Total

18

Control
Mean [kg/m2]

1.9

SD [kg/m2]

1.6971

Total

18

Mean Difference
IV, Random, 95% CI [kg/m2]

-1.10 [-1.99 , -0.21]

Mean Difference
IV, Random, 95% CI [kg/m2]

-2 -1 0 1 2
Favours melatonin Favours control

 
 

Analysis 5.3.   Comparison 5: Melatonin versus placebo, Outcome
3: Weight: average endpoint/change in waist circumference

Study or Subgroup

Modabbernia 2014

Melatonin
Mean [cm]

1.1

SD [cm]

3.3093

Total

18

Control
Mean [cm]

3.9

SD [cm]

4.6245

Total

18

Mean Difference
IV, Random, 95% CI [cm]

-2.80 [-5.43 , -0.17]

Mean Difference
IV, Random, 95% CI [cm]

-10 -5 0 5 10
Favours melatonin Favours control
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Analysis 5.4.   Comparison 5: Melatonin versus placebo, Outcome
4: Weight: average endpoint/change in hip circumference

Study or Subgroup

Modabbernia 2014

Melatonin
Mean [cm]

0.9

SD [cm]

3.3093

Total

18

Control
Mean [cm]

3.1

SD [cm]

5.5579

Total

18

Mean Difference
IV, Random, 95% CI [cm]

-2.20 [-5.19 , 0.79]

Mean Difference
IV, Random, 95% CI [cm]

-10 -5 0 5 10
Favours melatonin Favours control

 
 

Analysis 5.5.   Comparison 5: Melatonin versus placebo,
Outcome 5: Weight: average endpoint/change in waist/hip ratio

Study or Subgroup

Modabbernia 2014

Melatonin
Mean

0.004

SD

0.0424

Total

18

Control
Mean

0.014

SD

0.0424

Total

18

Mean Difference
IV, Random, 95% CI

-0.01 [-0.04 , 0.02]

Mean Difference
IV, Random, 95% CI

-0.05 -0.025 0 0.025 0.05
Favours melatonin Favours control

 
 

Analysis 5.6.   Comparison 5: Melatonin versus placebo, Outcome 6: Leaving the study early: for any reason

Study or Subgroup

Modabbernia 2014

Melatonin
Events

6

Total

24

Control
Events

6

Total

24

Risk Ratio
M-H, Random, 95% CI

1.00 [0.38 , 2.66]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours melatonin Favours control

 
 

Analysis 5.7.   Comparison 5: Melatonin versus placebo, Outcome 7: Mental state

Study or Subgroup

5.7.1 Average score: PANSS general psychopathology scale (higher = worse)
Modabbernia 2014

5.7.2 Average score: PANSS positive (higher = worse)
Modabbernia 2014

5.7.3 Average score: PANSS negative (higher = worse)
Modabbernia 2014

5.7.4 Average score: PANSS total (higher = worse)
Modabbernia 2014

Melatonin
Mean

-14.9

-10.4

-6.2

-31.6

SD

9.2065

4.6245

48.451

17.3524

Total

18

18

18

18

Control
Mean

-7.4

-7.9

-3.3

-18.7

SD

6.2791

4.879

4.2426

11.7945

Total

18

18

18

18

Mean Difference
IV, Random, 95% CI

-7.50 [-12.65 , -2.35]

-2.50 [-5.61 , 0.61]

-2.90 [-25.37 , 19.57]

-12.90 [-22.59 , -3.21]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours melatonin Favours control
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Analysis 5.8.   Comparison 5: Melatonin versus placebo, Outcome 8: Physiological: laboratory measures

Study or Subgroup

5.8.1 Fasting blood glucose (mg/dL)
Modabbernia 2014

5.8.2 HDL cholesterol (mg/dL)
Modabbernia 2014

5.8.3 Insulin (ulU/mL)
Modabbernia 2014

5.8.4 Insulin resistance index
Modabbernia 2014

5.8.5 LDL cholesterol (mg/dL)
Modabbernia 2014

5.8.6 Total cholesterol (mg/dL)
Modabbernia 2014

5.8.7 Triglycerides (mg/dL)
Modabbernia 2014

Melatonin
Mean

4.7

1

5.9

2.6

-2.7

-1.5

1.1

SD

14.8917

8.9095

13.1098

3.2668

33.0926

6.6228

94.3139

Total

18

18

18

18

18

18

18

Control
Mean

11

2.4

0.9

2.4

8.8

23.9

63.6

SD

10.946

13.534

9.9702

1.9516

1.5698

50.742

123.0366

Total

18

18

18

18

18

18

18

Mean Difference
IV, Random, 95% CI

-6.30 [-14.84 , 2.24]

-1.40 [-8.89 , 6.09]

5.00 [-2.61 , 12.61]

0.20 [-1.56 , 1.96]

-11.50 [-26.80 , 3.80]

-25.40 [-49.04 , -1.76]

-62.50 [-134.12 , 9.12]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours melatonin Favours control

 
 

Comparison 6.   Reboxetine + betahistine versus placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

6.1 Weight: clinically important
change in weight > 5%

1   Risk Ratio (M-H, Random, 95%
CI)

Totals not selected

6.2 Weight: clinically important
change in weight > 7%

1   Risk Ratio (M-H, Random, 95%
CI)

Totals not selected

6.3 Weight: average end-
point/change in body weight

1   Mean Difference (IV, Random,
95% CI)

Totals not selected

6.4 Weight: average end-
point/change in body mass index

1   Mean Difference (IV, Random,
95% CI)

Totals not selected

6.5 Leaving the study early: for any
reason

1   Risk Ratio (M-H, Random, 95%
CI)

Totals not selected

6.6 Mental state 1   Mean Difference (IV, Random,
95% CI)

Totals not selected

6.6.1 Average score: SAPS (higher =
worse)

1   Mean Difference (IV, Random,
95% CI)

Totals not selected

6.6.2 Average score: SANS (higher =
worse)

1   Mean Difference (IV, Random,
95% CI)

Totals not selected
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

6.6.3 Average score: HAM-D (higher
= worse)

1   Mean Difference (IV, Random,
95% CI)

Totals not selected

6.6.4 Average score: CGI (higher =
worse)

1   Mean Difference (IV, Random,
95% CI)

Totals not selected

6.7 Adverse events 1   Mean Difference (IV, Fixed, 95%
CI)

Totals not selected

6.7.1 Neurological: BAS 1   Mean Difference (IV, Fixed, 95%
CI)

Totals not selected

6.7.2 Neurological: SAS 1   Mean Difference (IV, Fixed, 95%
CI)

Totals not selected

 
 

Analysis 6.1.   Comparison 6: Reboxetine + betahistine versus placebo,
Outcome 1: Weight: clinically important change in weight > 5%

Study or Subgroup

Poyurovsky 2013

Reboxetine+Betahistine
Events

5

Total

29

Control
Events

9

Total

14

Risk Ratio
M-H, Random, 95% CI

0.27 [0.11 , 0.65]

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Reboxetine+Betahistine Control

 
 

Analysis 6.2.   Comparison 6: Reboxetine + betahistine versus placebo,
Outcome 2: Weight: clinically important change in weight > 7%

Study or Subgroup

Poyurovsky 2013

Reboxetine+Betahistine
Events

3

Total

29

Control
Events

6

Total

14

Risk Ratio
M-H, Random, 95% CI

0.24 [0.07 , 0.83]

Risk Ratio
M-H, Random, 95% CI

0.05 0.2 1 5 20
Reboxetine+Betahistine Control

 
 

Analysis 6.3.   Comparison 6: Reboxetine + betahistine versus placebo,
Outcome 3: Weight: average endpoint/change in body weight

Study or Subgroup

Poyurovsky 2013

Reboxetine+Betahistine
Mean [kg]

2.02

SD [kg]

2.37

Total

29

Control
Mean [kg]

4.77

SD [kg]

3.16

Total

14

Mean Difference
IV, Random, 95% CI [kg]

-2.75 [-4.62 , -0.88]

Mean Difference
IV, Random, 95% CI [kg]

-4 -2 0 2 4
Reboxetine+Betahistine Control
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Analysis 6.4.   Comparison 6: Reboxetine + betahistine versus placebo,
Outcome 4: Weight: average endpoint/change in body mass index

Study or Subgroup

Poyurovsky 2013

Reboxetine+Betahistine
Mean [kg/m2]

0.65

SD [kg/m2]

0.75

Total

29

Control
Mean [kg/m2]

1.53

SD [kg/m2]

0.99

Total

14

Mean Difference
IV, Random, 95% CI [kg/m2]

-0.88 [-1.47 , -0.29]

Mean Difference
IV, Random, 95% CI [kg/m2]

-1 -0.5 0 0.5 1
Reboxetine+Betahistine Control

 
 

Analysis 6.5.   Comparison 6: Reboxetine + betahistine versus
placebo, Outcome 5: Leaving the study early: for any reason

Study or Subgroup

Poyurovsky 2013

Reboxetine+Betahistine
Events

7

Total

29

Control
Events

4

Total

14

Risk Ratio
M-H, Random, 95% CI

0.84 [0.30 , 2.41]

Risk Ratio
M-H, Random, 95% CI

0.5 0.7 1 1.5 2
Reboxetine+Betahistine Control

 
 

Analysis 6.6.   Comparison 6: Reboxetine + betahistine versus placebo, Outcome 6: Mental state

Study or Subgroup

6.6.1 Average score: SAPS (higher = worse)
Poyurovsky 2013

6.6.2 Average score: SANS (higher = worse)
Poyurovsky 2013

6.6.3 Average score: HAM-D (higher = worse)
Poyurovsky 2013

6.6.4 Average score: CGI (higher = worse)
Poyurovsky 2013

Reboxetine+Betahistine
Mean

-3.11

-4.01

-5.41

-0.9

SD

2.92

3.25

2.65

0.51

Total

29

29

29

29

Control
Mean

-2.98

-4.32

-4.87

-0.81

SD

2.87

2.76

2.31

0.32

Total

14

14

14

14

Mean Difference
IV, Random, 95% CI

-0.13 [-1.97 , 1.71]

0.31 [-1.56 , 2.18]

-0.54 [-2.09 , 1.01]

-0.09 [-0.34 , 0.16]

Mean Difference
IV, Random, 95% CI

-10 -5 0 5 10
Reboxetine+Betahistine Control

 
 

Analysis 6.7.   Comparison 6: Reboxetine + betahistine versus placebo, Outcome 7: Adverse events

Study or Subgroup

6.7.1 Neurological: BAS
Poyurovsky 2013

6.7.2 Neurological: SAS
Poyurovsky 2013

Reboxetine+Betahistine
Mean

-0.45

-2.1

SD

0.32

1.43

Total

29

29

Control
Mean

-0.51

-2.65

SD

0.46

1.24

Total

14

14

Mean Difference
IV, Fixed, 95% CI

0.06 [-0.21 , 0.33]

0.55 [-0.28 , 1.38]

Mean Difference
IV, Fixed, 95% CI

-1 -0.5 0 0.5 1
Reboxetine+Betahistine Control
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Comparison 7.   Olanzapine/samidorphan versus olanzapine only

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

7.1 Weight: clinically impor-
tant change in weight > 10%

1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

7.2 Weight: clinically impor-
tant change in weight > 7%

1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

7.3 Weight: average end-
point/change in body weight
(kg)

1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

7.4 Weight: average end-
point/change in waist circum-
ference

1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

7.5 Leaving the study early: for
any reason

1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

7.6 Mental state 1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

7.6.1 Average score: PANSS to-
tal (higher = worse)

1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

7.6.2 Average score: CGI (high-
er = worse)

1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

7.7 Physiological: laboratory
measures

1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

7.7.1 Fasting blood glucose
(mg %)

1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

7.7.2 HDL cholesterol (mg %) 1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

7.7.3 Insulin (ulU/mL) 1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

7.7.4 LDL cholesterol (mg/dL) 1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

7.7.5 Total cholesterol (mg/dL) 1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

7.7.6 Triglycerides (mg /dL) 1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

7.7.7 HbA1c [%] 1   Mean Difference (IV, Random, 95%
CI)

Totals not selected

7.8 Adverse events 1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

7.8.1 Weight increased 1   Risk Ratio (M-H, Random, 95% CI) Totals not selected
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

7.8.2 Somnolence 1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

7.8.3 Dry mouth 1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

7.8.4 Increased appetite 1   Risk Ratio (M-H, Random, 95% CI) Totals not selected

 
 

Analysis 7.1.   Comparison 7: Olanzapine/samidorphan versus olanzapine
only, Outcome 1: Weight: clinically important change in weight > 10%

Study or Subgroup

Correll 2020a

Samidorphan
Events

47

Total

266

Control
Events

81

Total

272

Risk Ratio
M-H, Random, 95% CI

0.59 [0.43 , 0.81]

Risk Ratio
M-H, Random, 95% CI

0.5 0.7 1 1.5 2
Favours samidorphan Favours control

 
 

Analysis 7.2.   Comparison 7: Olanzapine/samidorphan versus olanzapine
only, Outcome 2: Weight: clinically important change in weight > 7%

Study or Subgroup

Correll 2020a

Samidorphan
Events

73

Total

266

Control
Events

116

Total

272

Risk Ratio
M-H, Random, 95% CI

0.64 [0.51 , 0.82]

Risk Ratio
M-H, Random, 95% CI

0.5 0.7 1 1.5 2
Favours samidorphan Favours control

 
 

Analysis 7.3.   Comparison 7: Olanzapine/samidorphan versus olanzapine
only, Outcome 3: Weight: average endpoint/change in body weight (kg)

Study or Subgroup

Correll 2020a

Samidorphan
Mean

79.67

SD

13.68

Total

266

Control
Mean

82.02

SD

15.24

Total

272

Mean Difference
IV, Random, 95% CI

-2.35 [-4.80 , 0.10]

Mean Difference
IV, Random, 95% CI

-4 -2 0 2 4
Favours samidorphan Favours control
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Analysis 7.4.   Comparison 7: Olanzapine/samidorphan versus olanzapine
only, Outcome 4: Weight: average endpoint/change in waist circumference

Study or Subgroup

Correll 2020a

Samidorphan
Mean [cm]

2.36

SD [cm]

9.1496

Total

266

Control
Mean [cm]

4.47

SD [cm]

9.0049

Total

272

Mean Difference
IV, Random, 95% CI [cm]

-2.11 [-3.64 , -0.58]

Mean Difference
IV, Random, 95% CI [cm]

-2 -1 0 1 2
Favours samidorphan Favours control

 
 

Analysis 7.5.   Comparison 7: Olanzapine/samidorphan versus
olanzapine only, Outcome 5: Leaving the study early: for any reason

Study or Subgroup

Correll 2020a

Samidorphan
Events

98

Total

280

Control
Events

100

Total

281

Risk Ratio
M-H, Random, 95% CI

0.98 [0.79 , 1.23]

Risk Ratio
M-H, Random, 95% CI

0.850.9 1 1.1 1.2
Favours samidorphan Favours control

 
 

Analysis 7.6.   Comparison 7: Olanzapine/samidorphan versus olanzapine only, Outcome 6: Mental state

Study or Subgroup

7.6.1 Average score: PANSS total (higher = worse)
Correll 2020a

7.6.2 Average score: CGI (higher = worse)
Correll 2020a

Samidorphan
Mean

-8.2

-0.42

SD

11.9059

6.85

Total

266

266

Control
Mean

-9.4

-0.49

SD

11.8745

7.2567

Total

272

272

Mean Difference
IV, Random, 95% CI

1.20 [-0.81 , 3.21]

0.07 [-1.12 , 1.26]

Mean Difference
IV, Random, 95% CI

-4 -2 0 2 4
Favours samidorphan Favours control
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Analysis 7.7.   Comparison 7: Olanzapine/samidorphan versus
olanzapine only, Outcome 7: Physiological: laboratory measures

Study or Subgroup

7.7.1 Fasting blood glucose (mg %)
Correll 2020a

7.7.2 HDL cholesterol (mg %)
Correll 2020a

7.7.3 Insulin (ulU/mL)
Correll 2020a

7.7.4 LDL cholesterol (mg/dL)
Correll 2020a

7.7.5 Total cholesterol (mg/dL)
Correll 2020a

7.7.6 Triglycerides (mg /dL)
Correll 2020a

7.7.7 HbA1c [%]
Correll 2020a

Samidorphan
Mean

4.5

-5.1

3.22

0.6

0.9

23.9

0.06

SD

15.05

15.2

28.72

26.37

28.18

78.29

0.27

Total

160

162

162

161

162

162

173

Control
Mean

2.3

-4.5

3.4

0.9

2.1

24.5

0.07

SD

15.7

11.35

15.6

26.51

28.88

71.49

0.27

Total

166

166

161

166

166

166

173

Mean Difference
IV, Random, 95% CI

2.20 [-1.14 , 5.54]

-0.60 [-3.51 , 2.31]

-0.18 [-5.22 , 4.86]

-0.30 [-6.03 , 5.43]

-1.20 [-7.38 , 4.98]

-0.60 [-16.84 , 15.64]

-0.01 [-0.07 , 0.05]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours samidorphan Favours control

 
 

Analysis 7.8.   Comparison 7: Olanzapine/samidorphan versus olanzapine only, Outcome 8: Adverse events

Study or Subgroup

7.8.1 Weight increased
Correll 2020a

7.8.2 Somnolence
Correll 2020a

7.8.3 Dry mouth
Correll 2020a

7.8.4 Increased appetite
Correll 2020a

Samidorphan
Events

68

58

35

30

Total

274

274

274

274

Control
Events

100

50

22

34

Total

276

276

276

276

Risk Ratio
M-H, Random, 95% CI

0.68 [0.53 , 0.89]

1.17 [0.83 , 1.64]

1.60 [0.97 , 2.66]

0.89 [0.56 , 1.41]

Risk Ratio
M-H, Random, 95% CI

0.02 0.1 1 10 50
Favours samidorphan Favours control
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Comparison 8.   Sensitivity analyses

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

8.1 Metformin vs placebo excluding
studies with high risk of bias: weight:
change in body weight

3 99 Mean Difference (IV, Ran-
dom, 95% CI)

-4.18 [-5.95, -2.42]

8.2 Metformin vs placebo, fixed-effect
model: weight, change in body weight

4 131 Mean Difference (IV, Fixed,
95% CI)

-4.03 [-5.78, -2.28]

8.3 H2 antagonists vs placebo, fixed-
effect model: weight, change in body
weight

3 248 Mean Difference (IV, Fixed,
95% CI)

-1.32 [-2.09, -0.56]

8.3.1 Nizatidine 150 mg, twice daily 1 84 Mean Difference (IV, Fixed,
95% CI)

-0.62 [-2.68, 1.44]

8.3.2 Nizatidine 300 mg, twice daily 1 85 Mean Difference (IV, Fixed,
95% CI)

-0.89 [-3.01, 1.23]

8.3.3 Famotidine 40 mg, once daily 1 14 Mean Difference (IV, Fixed,
95% CI)

2.40 [-6.09, 10.89]

8.3.4 Ranitidine 150 mg, twice daily 1 65 Mean Difference (IV, Fixed,
95% CI)

-1.58 [-2.48, -0.68]

8.4 Monoamine modulators vs placebo,
fixed-effect model: weight, change in
body weight

3 103 Mean Difference (IV, Fixed,
95% CI)

-1.84 [-3.01, -0.67]

8.4.1 Reboxetine 2 79 Mean Difference (IV, Fixed,
95% CI)

-1.90 [-3.07, -0.72]

8.4.2 Fluoxetine 1 24 Mean Difference (IV, Fixed,
95% CI)

6.40 [-7.56, 20.36]

8.5 Topiramate vs placebo excluding
studies with high risk of bias: weight,
change in body weight

2 120 Mean Difference (IV, Ran-
dom, 95% CI)

-7.63 [-12.01,
-3.25]

8.6 Topiramate vs placebo, fixed-effect
model: weight: change in body weight

3 168 Mean Difference (IV, Fixed,
95% CI)

-1.83 [-3.03, -0.63]
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Analysis 8.1.   Comparison 8: Sensitivity analyses, Outcome 1: Metformin vs
placebo excluding studies with high risk of bias: weight: change in body weight

Study or Subgroup

Baptista 2006
Rado 2016
Wu 2008

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 1.33, df = 2 (P = 0.51); I² = 0%
Test for overall effect: Z = 4.65 (P < 0.00001)
Test for subgroup differences: Not applicable

Metformin
Mean [kg]

63.8
2.54

1.9

SD [kg]

10.2
2.35
2.72

Total

19
12
18

49

Placebo
Mean [kg]

65.6
5.88
6.87

SD [kg]

8.5
5.23
4.23

Total

18
13
19

50

Weight

8.5%
31.6%
59.9%

100.0%

Mean Difference
IV, Random, 95% CI [kg]

-1.80 [-7.84 , 4.24]
-3.34 [-6.48 , -0.20]
-4.97 [-7.25 , -2.69]

-4.18 [-5.95 , -2.42]

Mean Difference
IV, Random, 95% CI [kg]

-10 -5 0 5 10
Favours metformin Favours placebo

 
 

Analysis 8.2.   Comparison 8: Sensitivity analyses, Outcome 2: Metformin
vs placebo, fixed-e6ect model: weight, change in body weight

Study or Subgroup

Arman 2008
Baptista 2006
Rado 2016
Wu 2008

Total (95% CI)
Heterogeneity: Chi² = 2.91, df = 3 (P = 0.41); I² = 0%
Test for overall effect: Z = 4.52 (P < 0.00001)
Test for subgroup differences: Not applicable

Metformin
Mean [kg]

36.03
63.8
2.54

1.9

SD [kg]

12.81
10.2
2.35
2.72

Total

16
19
12
18

65

Placebo
Mean [kg]

32.03
65.6
5.88
6.87

SD [kg]

22.45
8.5

5.23
4.23

Total

16
18
13
19

66

Weight

1.9%
8.4%

31.0%
58.7%

100.0%

Mean Difference
IV, Fixed, 95% CI [kg]

4.00 [-8.67 , 16.67]
-1.80 [-7.84 , 4.24]

-3.34 [-6.48 , -0.20]
-4.97 [-7.25 , -2.69]

-4.03 [-5.78 , -2.28]

Mean Difference
IV, Fixed, 95% CI [kg]

-10 -5 0 5 10
Favours metformin Favours placebo
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Analysis 8.3.   Comparison 8: Sensitivity analyses, Outcome 3: H2
antagonists vs placebo, fixed-e6ect model: weight, change in body weight

Study or Subgroup

8.3.1 Nizatidine 150 mg, twice daily
Cavazzoni 2003
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.59 (P = 0.56)

8.3.2 Nizatidine 300 mg, twice daily
Cavazzoni 2003
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.82 (P = 0.41)

8.3.3 Famotidine 40 mg, once daily
Poyurovsky 2004
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.55 (P = 0.58)

8.3.4 Ranitidine 150 mg, twice daily
Sun 2007
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 3.42 (P = 0.0006)

Total (95% CI)
Heterogeneity: Chi² = 1.66, df = 3 (P = 0.65); I² = 0%
Test for overall effect: Z = 3.38 (P = 0.0007)
Test for subgroup differences: Chi² = 1.66, df = 3 (P = 0.65), I² = 0%

H2 Antagonists
Mean [kg]

3.56

3.29

72

3.3

SD [kg]

4.95

5.33

9.7

2.11

Total

56
56

57
57

7
7

33
33

153

Placebo
Mean [kg]

4.18

4.18

69.6

4.88

SD [kg]

4.33

4.33

6.1

1.58

Total

28
28

28
28

7
7

32
32

95

Weight

13.9%
13.9%

13.2%
13.2%

0.8%
0.8%

72.2%
72.2%

100.0%

Mean Difference
IV, Fixed, 95% CI [kg]

-0.62 [-2.68 , 1.44]
-0.62 [-2.68 , 1.44]

-0.89 [-3.01 , 1.23]
-0.89 [-3.01 , 1.23]

2.40 [-6.09 , 10.89]
2.40 [-6.09 , 10.89]

-1.58 [-2.48 , -0.68]
-1.58 [-2.48 , -0.68]

-1.32 [-2.09 , -0.56]

Mean Difference
IV, Fixed, 95% CI [kg]

-10 -5 0 5 10
Favours H2 Antagonists Favours placebo

 
 

Analysis 8.4.   Comparison 8: Sensitivity analyses, Outcome 4: Monoamine
modulators vs placebo, fixed-e6ect model: weight, change in body weight

Study or Subgroup

8.4.1 Reboxetine
Poyurovsky 2003 (1)
Poyurovsky 2007 (1)
Subtotal (95% CI)
Heterogeneity: Chi² = 0.91, df = 1 (P = 0.34); I² = 0%
Test for overall effect: Z = 3.17 (P = 0.002)

8.4.2 Fluoxetine
Poyurovsky 2002
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.90 (P = 0.37)

Total (95% CI)
Heterogeneity: Chi² = 2.26, df = 2 (P = 0.32); I² = 12%
Test for overall effect: Z = 3.08 (P = 0.002)
Test for subgroup differences: Chi² = 1.35, df = 1 (P = 0.25), I² = 25.8%

Reboxetine
Mean [kg]

2.5
3.31

74.6

SD [kg]

2.7
2.73

18.4

Total

10
31
41

11
11

52

Placebo
Mean [kg]

5.5
4.91

68.2

SD [kg]

3.1
2.45

16.1

Total

10
28
38

13
13

51

Weight

21.1%
78.2%
99.3%

0.7%
0.7%

100.0%

Mean Difference
IV, Fixed, 95% CI [kg]

-3.00 [-5.55 , -0.45]
-1.60 [-2.92 , -0.28]
-1.90 [-3.07 , -0.72]

6.40 [-7.56 , 20.36]
6.40 [-7.56 , 20.36]

-1.84 [-3.01 , -0.67]

Mean Difference
IV, Fixed, 95% CI [kg]

-20 -10 0 10 20
Favours reboxetine Favours placebo

Footnotes
(1) change from baseline data used in stead of endpoint data as it reflects the effects more accurately
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Analysis 8.5.   Comparison 8: Sensitivity analyses, Outcome 5: Topiramate vs
placebo excluding studies with high risk of bias: weight, change in body weight

Study or Subgroup

Liu 2011
Narula 2010

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.45, df = 1 (P = 0.50); I² = 0%
Test for overall effect: Z = 3.42 (P = 0.0006)
Test for subgroup differences: Not applicable

Topiramate
Mean [kg]

49.34
52.73

SD [kg]

10.49
12.9

Total

27
33

60

Placebo
Mean [kg]

58.45
58.85

SD [kg]

12.28
13.1

Total

26
34

60

Weight

50.5%
49.5%

100.0%

Mean Difference
IV, Random, 95% CI [kg]

-9.11 [-15.27 , -2.95]
-6.12 [-12.35 , 0.11]

-7.63 [-12.01 , -3.25]

Mean Difference
IV, Random, 95% CI [kg]

-20 -10 0 10 20
Favours topiramate Favours placebo

 
 

Analysis 8.6.   Comparison 8: Sensitivity analyses, Outcome 6: Topiramate
vs placebo, fixed-e6ect model: weight: change in body weight

Study or Subgroup

Kim 2006
Liu 2011
Narula 2010

Total (95% CI)
Heterogeneity: Chi² = 7.74, df = 2 (P = 0.02); I² = 74%
Test for overall effect: Z = 2.99 (P = 0.003)
Test for subgroup differences: Not applicable

Topiramate
Mean [kg]

2.66
49.34
52.73

SD [kg]

1.79
10.49

12.9

Total

25
27
33

85

Placebo
Mean [kg]

4.02
58.45
58.85

SD [kg]

2.52
12.28

13.1

Total

23
26
34

83

Weight

92.5%
3.8%
3.7%

100.0%

Mean Difference
IV, Fixed, 95% CI [kg]

-1.36 [-2.61 , -0.11]
-9.11 [-15.27 , -2.95]
-6.12 [-12.35 , 0.11]

-1.83 [-3.03 , -0.63]

Mean Difference
IV, Fixed, 95% CI [kg]

-20 -10 0 10 20
Favours topiramate Favours placebo

 

 

A D D I T I O N A L   T A B L E S
 

Methods Randomisation: random

Allocation: concealed

Blinding: double-blind

Duration: 12 months

Setting: inpatients or outpatients

Participants Diagnosis: patients with schizophrenia, or any schizophrenia-like illness

Gender: male and female

Age: mean 30 years, range: 18-65 (adult population)

Interventions Pharmacological interventions for preventing weight gain including those currently licensed for
weight loss, an oG-label therapy, withdrawn from the market, or an isolated nutritive supplement

Samidorphan - standalone + combination therapy with olanzapine

Pharmacological adjunct plus behavioural intervention versus behavioural intervention alone

Outcomes Clinically important change in weight (e.g. binary outcomes such as ≥ 7% weight loss)
Clinically important change in BMI

Waist-to-hip ratio

Table 1.   Suggested design for future studies 
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Notes Look at effects of factors such as stage of illness and ethnicity

Dose effects

BMI: body mass index

Table 1.   Suggested design for future studies  (Continued)

 

W H A T ' S   N E W

 

Date Event Description

20 December 2022 Amended Background (Description of the intervention), Analysis (7.8.4),
Discussion (Summary of main results) amended

 

H I S T O R Y

Protocol first published: Issue 6, 2019
Review first published: Issue 10, 2022

 

Date Event Description

8 October 2019 Amended The reviewers requested for 38 full studies (including 75 reports).
Their studies were added into the review.

4 September 2018 Amended Search was run and 369 reports were sent to the reviewers for
screening.

 

C O N T R I B U T I O N S   O F   A U T H O R S

Margaret Hahn and Sri Mahavir Agarwal updated the protocol to reflect the division between behavioural and pharmacological
interventions, and between treatment and prevention of weight gain. Both contributed to the write-up of this final review.

Nicolette Stogios updated the review to reflect the division between treatment and prevention of pharmacological interventions, and also
assisted in study selection, data extraction, risk of bias assessment, and write-up of the final version of the review.

Guy Faulkner, Tony Cohn, and Gary Remington contributed to the original protocol and review of interventions to reduce weight in
schizophrenia (Faulkner 2007). Guy Faulkner initiated and conceptualised the initial review (2007).

Mark Duncan, John Lockhart, Hiroyoshi Takeuchi, Valerie H Taylor, and Zohra Ahsan assisted in writing the current protocol.
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

In the original protocol, we stated that we would apply specific standards to potential skewness of data before inclusion to avoid the pitfall
of applying parametric tests to non-parametric data. However, excluding studies would also lead to loss of valuable information and bias.
As such, we used the following rule to assess skewness: for all endpoint data, if the standard deviation was greater than the mean, then
we would remove this study from the analysis.

Additionally, we originally stated that we would only present data that contributed less than 10% of the total weighting that contributed
to the summary finding. However, we know of no supporting research for this 10% cut-oG and therefore did not apply the 10% rule for
investigating heterogeneity. If homogeneity was not achieved aPer checking that all data were entered correctly or removing studies that
were visible outliers, then heterogeneity was leP unresolved.

We have clarified the definition of types of interventions included in this review. We defined weight prevention studies as those that are
adjunctive (i.e. add-on) and are co-initiated with other routinely prescribed medications. During article screening, we could, therefore,
identify a non-prevention study because the adjunctive pharmacological intervention was initiated in people who had already experienced
significant antipsychotic-induced weight gain (i.e. the agent was being prescribed for the purposes of treating weight gain, not preventing
weight gain). We identified prevention studies as those in which the pharmacological agent was prescribed around the same time as
antipsychotic initiation. We defined standard care as the care that all participants received in the study. Non-standard care included other
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behavioural interventions that were combined with the pharmacological intervention. We only included interventions that compared such
a combined intervention strategy with a behavioural intervention alone in order to assess the additive eGect of using a pharmacological
adjunct. In accordance with these definitions, we included the following comparisons in this review:

1. Drug 1 plus standard care (e.g. antipsychotics, diet advice) vs placebo or no-pharmacological weight gain prevention treatment plus
standard care

2. Drug 1 plus standard care (e.g. antipsychotics, diet advice) vs drug 2 (active control) plus standard care

3. Drug 1 plus non-standard care (e.g. behavioral intervention) vs placebo or no-pharmacological weight gain prevention treatment plus
non-standard care.

4. Drug 1 plus non-standard care (e.g. behavioral intervention) vs drug 2 (active control) plus non-standard care.

The included studies rarely reported the prespecified primary outcomes, 'clinically important change in weight' or 'clinically important
change in BMI'. As such, we added 'average endpoint/change in weight' and 'average endpoint/change in BMI' as additional primary
outcomes post-hoc. Similarly, the secondary outcomes, 'clinically important change in waist circumference', 'clinically important change
in waist-to-hip ratio', 'any change in waist circumference' and 'any change in waist-to-hip ratio' were very rarely reported, so we added
'average endpoint/change in waist circumference' and 'average endpoint/change in waist-to-hip ratio' as additional secondary outcomes
post-hoc.

We added the outcomes, 'average endpoint/change in weight' and 'average endpoint/change in BMI' to the summary of findings tables.

We also included change in weight data in addition to the endpoint weight measures for studies in which only change measures were
available or when baseline weight measures between groups were diGerent. With diGerent baseline measures, the end point measurement
failed to provide a true depiction of the course of change in weight and thus we included the change score.

We contacted the first author of each potentially eligible study that we identified in the search for which we could not find published data,
not the first author of each included study, as stated in the protocol.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Antipsychotic Agents  [adverse eGects];  Betahistine  [therapeutic use];  Famotidine  [therapeutic use];  Fluoxetine  [therapeutic use];
  *Melatonin  [therapeutic use];  *Metformin  [therapeutic use];  Nausea  [drug therapy];  Nizatidine  [therapeutic use];  Ranitidine
 [therapeutic use];  Reboxetine  [therapeutic use];  *Schizophrenia  [drug therapy]  [prevention & control];  Topiramate  [therapeutic use];
  Weight Gain

MeSH check words

Humans
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