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CONTEXT AND POLICY ISSUES:
Metabolic syndrome commonly refers to a group of risk factors that occur together that increase
the risk of coronary artery disease, stroke and type 2 diabetes.1 There is no universal
consensus on the precise definition of metabolic syndrome.2 Some common features in the
definitions of metabolic syndrome include high blood pressure, above normal blood sugar (or
glucose), large waist circumference, low high density lipoprotein (HDL) cholesterol, and high
triglycerides.1,2 In this report, the definition for metabolic syndrome by the American Heart
Association and the National Heart, Lung, and Blood Institute was used.1 As such, metabolic
syndrome is defined as the presence of at least three of the following signs: blood pressure >
130 per 85 mmHg, fasting blood glucose (sugar) > 100 mg per deciliter (dl), waist circumference
of > 40 inches for men or > 35 inches for women, HDL < 40 for men mg per dl and HDL< 50
mg per dl for women, or triglycerides > 150 mg per dl.1
Metabolic syndrome has been observed as an adverse effect of treatment with atypical
antipsychotics (AAPs) after as little as 10 weeks of treatment.3-5 AAPs include aripiprazole,
clozapine, olanzapine, quetiapine, and risperidone.4,6,7 As well, clozapine and olanzapine have
been frequently linked with risk factors of metabolic syndrome such as hyperglycemia, and
dyslipidemia.2,8,9 To a lesser extent, quetiapine and risperidone have been associated with the
same risk factors of metabolic syndrome.2 Finally, there is a low potential for hyperglycemia or
adverse events on lipid profiles in treatments with aripiprazole.10
According to the National Cholesterol Education Program definition of metabolic syndrome11 the
prevalence of metabolic syndrome in a population of patients from 17 to 55 years old treated
with clozapine in an outpatient setting was 53.8% compared with 20.7% in the general
population.6 The prevalence of metabolic syndrome in patients treated with other AAPs in
various clinical settings was not identified in the literature.
The purpose of this review is to examine the clinical evidence regarding the monitoring and
interventions to prevent or manage metabolic syndrome in patients treated with aripiprazole,
clozapine, olanzapine, quetiapine, and risperidone.
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RESEARCH QUESTIONS:
1.

What is the clinical evidence for interventions to prevent or manage metabolic syndrome
in adult patients treated with atypical antipsychotics?

2.

What is the clinical evidence for metabolic monitoring in adult patients treated with atypical
antipsychotics?

KEY MESSAGE:
Limited evidence is available on the interventions which treat metabolic risk factors. Low quality
studies and inconsistent reporting of clinical outcomes make it difficult to draw definitive
conclusions on the optimal intervention to prevent or manage metabolic syndrome.
METHODS:
Literature search strategy
A limited literature search was conducted on key resources including PubMed, The Cochrane
Library (2011, Issue 6), University of York Centre for Reviews and Dissemination (CRD)
databases, Canadian and abbreviated list of major international health technology agencies, as
well as a focused Internet search. No filters were applied to limit the retrieval by study type for
research question number 1. Methodological filters were applied to research questions number
1 and 2 to limit retrieval to health technology assessments, systematic reviews, meta-analyses,
randomized controlled trials, non-randomized studies and guidelines. Where possible, retrieval
was limited to the human population. The search was also limited to English language
documents published between Jan 1, 2006 and Jun 22, 2011.
Selection Criteria and Methods
One reviewer screened the titles and abstracts of the retrieved publications and evaluated the
full text publications for the final article selection, according to the selection criteria outlined in
Table 1.
Table 1: Selection Criteria
Population

Intervention

Adult patients on atypical antipsychotics.
Specific medications of interest include as follows:
1. Aripiprazole (Abilify)
2. Clozapine
3. Olanzapine (Zyprexa)
4. Quetiapine (Seroquel)
5. Risperidone
Q1: Metabolic monitoring, such as waist circumference, blood
pressure, glucose and, cholesterol levels
Q2: Various interventions to manage or prevent metabolic syndrome
(for example, health education and training)
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Comparator

Q1 and Q2: No comparator

Outcomes

Q1: Types of metabolic monitoring and frequency of monitoring for
risk factors1
(see signs and tests section)
Q2: Reduction of metabolic syndrome
The following signs within an acceptable range:
Blood pressure
Waist circumference
Glucose levels
HDL cholesterol
Triglycerides

Study Designs

Health technology assessments, systematic reviews, meta-analyses,
and randomized controlled trials (RCTs)

Exclusion Criteria
Studies were excluded if they did not meet the selection criteria, were duplicate publications or
included in at least one selected systematic review, involved irrelevant study designs or were
published before 2006.
Critical Appraisal of Individual Studies
The quality of the included systematic review was assessed using the Assessment of Multiple
Systematic Reviews (AMSTAR) tool,12 and RCTs were critically appraised with the Downs and
Black Checklist.13
SUMMARY OF EVIDENCE:
Quantity of Research Available
The literature search generated 667 citations. Upon screening 635 citations were excluded and
32 potentially relevant articles were identified were for full-text review. An additional five
potentially relevant reports were identified through the grey literature search. Of the 37
potentially relevant articles, 25 articles did not meet the inclusion criteria. As a result, six
systematic reviews and meta-analyses7,14-18 and six RCTs were included in this review.19-24
Additional articles of potential interest are provided in the appendix.
Summary of Study Characteristics
Detailed study characteristics, critical appraisal of studies and findings and author’s conclusions
are provided in appendices 2, 3and 4.
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Country of Origin
Of the six included systematic reviews, three were from the USA15-17 two were from the United
Kingdom7,18 and one was from India.14 The systematic reviews included RCTs conducted in
numerous countries. Four RCTs included in this review were conducted in the USA,19,21,23,24 and
a single RCT was conducted in Finland22 and India20, respectively.
Study Setting
The systematic reviews did not specify the setting in which the included studies were
conducted. Three RCTs were conducted at urban mental health centres.19,20,22 One RCT was
conducted in a psychiatric clinic of a tertiary care hospital.20 Two RCTs did not specify the
health care setting,19,23 including one multicenter RCT.23
Patient Population
The study population in three systematic reviews was limited to adult patients7,14,17 and three
reviews include studies with adults and children15,16,18 The trials that reported clinical outcomes
for adult patients will be discussed in this report. The systematic reviews included patients with
the following mental illnesses- schizophrenia, schizoaffective disorder, bipolar disorder,
psychotic disorder, schizotypal, depression, and personality disorder.7,14-18
The patient population in the RCTs ranged from 18 to 65 years of age.19-24 In addition, the trials
included patients with schizophrenia (including first episode schizophrenia), schizoaffective
disorder or an unspecified “serious mental condition.”19-24 Two RCTs included a mix of inpatients
and outpatients.19,20
Interventions and Comparators
The interventions and comparators in the systematic reviews and RCTs will be described. Four
systematic reviews included studies that compared metformin with placebo.7,14-16 Two
systematic reviews included studies that compared metformin and sibutramine versus
metformin and placebo 18 or placebo alone.16 Two systematic reviews included studies that
compared metformin and lifestyle interventions with lifestyle interventions and placebo and
placebo alone.16,18 One systematic review included studies that compared switching from
treatment with olanzapine or risperidone to aripiprazole and studies that compared switching
from olanzapine to quetiapine.7 One systematic review included studies that compared
combinations of dietary counseling, physical activity counseling, and/or behavioural components
with unspecified standard or routine care, nutrition education, unspecified control groups,
metformin only, metformin and lifestyle interventions, lifestyle interventions and placebo, and
placebo only.18
Four RCTs compared individual pharmacological interventions (modafinil, orlistat, topiramate,
sibutramine) with placebo.19,20,22,24 One study involved patients previously treated with any
schizophrenia or schizoaffective disorder intervention including individuals randomized to
risperidone or olanzapine treatments.23 One study compared aripiprazole with olanzapine,
quetiapine, risperidone involving patients with unknown previous use of AAPs.21
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Outcomes measures
Three RCTs reported measures of blood pressure.19,20,24 Three systematic reviews 7,17,18 and
four RCTs19,20,22,24 reported measures of fasting blood glucose or blood glucose or sugar. Five
systematic reviews7,14-16,18 and one RCT24 reported measures of waist circumference. Three
systematic reviews 7,16,18 and four RCTs19,22-24 reported measures of HDL, and four systematic
reviews7,16-18 and five RCTs19,20,22-24 reported measures of triglycerides.
Summary of Critical Appraisal
The quality of evidence varied, but was generally low. Four of the six systematic reviews
included a comprehensive literature.7,15-17 It, however, was unclear if the grey literature was
searched in any of the included systematic reviews. Most of the systematic reviews had poor or
incomplete reporting of the metabolic outcomes in the individuals trials. The study findings of the
same trials were reported inconsistently across several systematic reviews. Two systematic
reviews stated that the data were extracted by at least two independent reviewers.17,18 In
addition, publication bias was assessed in two of the six systematic reviews.7,15
Among the six RCTs, none stated how allocation was concealed. In addition, none of the
studies provided power calculations to determine the minimum sample size needed to detect a
minimum clinically important difference for any of the metabolic risk factors. Furthermore, none
of the studies provided information the process used to randomize participants (for example,
participants randomized based on a random number sequence). Five out of the six RCTs
studies blinded participants and investigators in the randomization process.19,20,22-24 Four RCTs
reported the results of the per-protocol analyses. 19,20,22,24 One RCT reported the results
intention to treat (ITT) analysis (ITT analysis not described).21 For one RCT it was unclear if the
results of the per-protocol of ITT analysis were reported for one study.23
Summary of Findings
The primary outcomes of the included studies were as follows: weight reduction/loss,15,18,24
weight gain,14 weight gain prevention,17 weight or body weight,7 serum or fasting glucose,16 body
mass index (BMI),14,15,20 waist circumference (WC),14-16 homeostatic model assessment of
insulin resistance (HOMA-IR),15,19 blood pressure,20 weight change,19,22 total cholesterol,19 nonhigh density lipoproteins (HDL),19 HDLs,19 and triglycerides.19
Blood Pressure (BP)
Three RCTs19,20,24 measured BP in the patient population. Henderson et al.19 reported no
significant differences in BP between clozapine and modafinil versus placebo. Narula et al.20
compared olanzapine and topiramate (100 mg per day) versus olanzapine and placebo
(placebo) in a RCT. They reported a significant difference between groups in systolic BP
(p=0.012). After 12 weeks, the topiramate group had a mean systolic BP of [mean + standard
deviation (SD)]=117.88+7 and the placebo group had a mean systolic BP of (mean + SD)=
122.5+ 7.71.20 They reported a significant difference between groups in diastolic BP
(p=0.014).20 After 12 weeks, the topiramate group had a mean diastolic BP of (mean + SD)=
77.94 + 4.8 and the placebo group had a mean diastolic BP of (mean + SD)= 81.41+ 6.2.
Henderson et al.24 in a RCT compared clozapine and sibutramine to clozapine and placebo.24
They observed no significant differences in BP between groups.24
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Fasting Blood Glucose or Blood Glucose (FBG or BG)
Two systematic reviews7,17 and four RCTs19,20,22,24 included a measure of FBG or BG. One
systematic review and meta-analysis by Mukundan et al.,7 indicated a significant decrease in
FBG when switching from olanzapine to aripiprazole or quetiapine [-2.53, 95% confidence
interval (CI) -2.94 to -2.11].7 Gabriele et al.17 reported a significant decrease in BG that
compared diet, and physical activity versus an unspecified control group in one RCT. In the
same systematic review another RCT comparing diet, physical activity and behavioral
components (food records) with metformin, metformin and lifestyle interventions and placebo in
patients treated with clozapine, olanzapine, risperidone, or quetiapine in the included primary
studies. The BG decreased from -7.54 to -12.00% (p<0.05) in patients on AAPs.17 In the same
review, another RCT reported no significant difference between diet, physical activity and
exercise rewards versus an unspecified control group.18
No significant differences in FBG between groups were reported in a RCT that compared
olanzapine and modafinil with olanzapine alone and placebo.19 Narula et al.20 in a RCT found a
significant difference in FBG when they compared olanzapine and topiramate versus olanzapine
and placebo (p<0.001). After 12 weeks, the mean FBG in topiramate group had a mean FBG of
(+ SD)= 78.24 + 6.7 and the mean of the placebo group was (mean + SD)=88.47 + 12.0. Joffe
et al.22 reported no significant differences between groups in FBG when they compared
clozapine or olanzapine and orlistat (360 mg per day) versus clozapine or olanzapine and
placebo.22 As well, Henderson et al. observed no significant differences in BG between
clozapine and sibutramine (10 mg per day) versus clozapine and placebo.24
Waist Circumference (WC)
Five systematic reviews7,14-16,18 and one RCT24 measured the WC in the study population. One
systematic review and meta-analysis14 reported a significant difference in WC between
patients treated with olanzapine and metformin versus those treated with olanzapine or on
placebo (p<0.00001). The weighted mean difference was 1.42 (95% CI 0.29 to 3.13) cm lower
for the metformin compared to placebo.14 Mukundan et al.7 reported no significant difference in
WC between patients switching from olanzapine to aripiprazole versus staying on olanzapine in
one RCT included in their systematic review. Ehret et al.15 reported a significant decrease in WC
in adults treated with olanzapine, clozapine, risperidone or quetiapine and metformin versus the
same AAPs and placebo [WMD (95% CI)= -1.64, (95% CI -3.11 to -0.18]. Miller et al.16 in a
systematic review found a significant decrease in WC for patients treated with olanzapine and
metformin alone or in combination with lifestyle changes versus olanzapine with lifestyle
changes and placebo or placebo only. One RCT in the same review reported no significant
change in WC in olanzapine and metformin group versus olanzapine with placebo (data were
not provided).16 A third RCT in the same review that compared olanzapine and metformin
versus olanzapine and placebo reported significant changes in WC (data were not provided).16
A systematic review by Bushe et al.18 included five studies that measured the WC in the patient
population. Four of the five studies reported no significant difference in WC between olanzapine
or clozapine and metformin versus olanzapine or clozapine and placebo.18 One study observed
that metformin and lifestyle changes were more effective in decreasing waist circumference
than metformin (p=0.03), lifestyle changes only (p< 0.001) or placebo (p< 0.001).18 All
interventions were added to treatment with olanzapine, clozapine or risperidone.18
No significant differences in WC between the clozapine and sibutramine cohort versus
clozapine and placebo were found in one RCT.24
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High Density Lipoproteins (HDLs)
Three systematic reviews7,16,18 and five RCTs19,20,22-24 included HDLs as a clinical outcome. One
systematic review reported no difference in HDLs between patients switching from olanzapine to
quetiapine versus staying on olanzapine. Another systematic review by Miller et al.16 found a
significant increase in HDLs in one of the included RCTs that compared olanzapine and
metformin versus olanzapine and placebo (data were not provided). Bushe et al.18 in a
systematic review reported in two included RCTs that compared olanzapine and metformin to
olanzapine and placebo found significant increases in HDLs in one RCT (p=0.001), while one
study found no significant decreases in HDLs.
One RCT by Henderson et al.19 compared olanzapine and modafinil versus olanzapine and
placebo. They reported no significant differences in HDLs between groups.19 Henderson et al.24
compared clozapine and sibutramine with clozapine and placebo in another RCT and found no
significant differences in HDLs between groups.24 Another RCT compared olanzapine and
topiramate with olanzapine and placebo,20 and they also reported no significant difference in
HDLs between groups. Joffe et al.22 compared clozapine or olanzapine and orlistat with
olanzapine and placebo in a RCT, and observed no significant differences between groups in
HDLs.22 One RCT by Kelly et al.23 trial that compared olanzapine versus risperidone in patients
who were treated previously for schizophrenia and schizoaffective disorder and/or were
previously treated with olanzapine or risperidone reported no significant differences in HDLs
between groups.23
Triglycerides
Triglycerides are a type of fat in the bloodstream and fat tissue, and high levels of triglycerides
can contribute to the hardening and narrowing of your arteries.25 Triglycerides were measured in
three systematic reviews7,16,17 and five RCTs.19,20,22-24 Mukundan et al.7 reported no significant
difference in triglycerides based on results in one study that compared switching from
olanzapine to quetiapine versus continued treatment on olanzapine. A systematic review by
Miller et al.16 also found no significant difference between olanzapine and metformin alone or in
combination with lifestyle changes or sibutramine intervention versus olanzapine and placebo
(data were not provided). Gabriele et al.17 noted a significant difference in the percentage
decrease of triglycerides between groups that compared dietary counseling, physical activity
and/or behavioral components versus an unspecified control group or metformin, metformin and
lifestyle interventions and/or placebo in three included RCTs.17 The difference in triglycerides
between groups was measured as a percentage decrease in triglycerides of -20.68 to -29.56
(p< 0.05).
One RCT reported no significant differences in triglycerides in patients treated with olanzapine
and modafinil versus those treated with olanzapine alone and placebo.19 Narula et al.20
compared olanzapine and topiramate versus olanzapine and placebo in a RCT, and they
reported no significant differences in triglycerides across the groups.20 Another RCT measured
triglycerides in patients treated with clozapine or olanzapine and orlistat versus monotherapy
with the same AAPs and placebo but did not report the results.22 Kelly et al.23 compared
olanzapine with risperidone in patients previously treated for schizophrenia and schizoaffective
disorder. They reported no significant differences between groups. Henderson et al.24 observed
no significant differences between groups in a RCT that compared clozapine and sibutramine
versus clozapine alone and placebo.24
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Change in Metabolic Syndrome Status
Owen et al.21 compared aripiprazole versus a control group that included patients treated with
quetiapine, risperidone, and olanzapine in an open label RCT. The study population also
included patients with schizophrenia and metabolic syndrome. At the end of treatment, 64% of
patients in the aripiprazole group and 86% patients in the control group had metabolic
syndrome.21
Monitoring for Risk factors of Metabolic Syndrome
The systematic reviews did not provide details on the frequency of monitoring risk factors for
metabolic syndrome. Several RCTs may offer some insight on the frequency of monitoring for
metabolic risk factors. Three RCTs19,20,24 measured BP and the frequency of monitoring ranged
from every two to 12 weeks. In four RCTs19,20,22,24 that measured FBG or BG, the frequency of
monitoring for FBG or BG ranged from every four to 12 weeks. One RCT24 monitored WC every
12 weeks. Five RCTs19,20,22-24 monitored HDLs and triglycerides the frequency of monitoring
ranged from two to 12 weeks.
Limitations
Several systematic reviews presented incomplete information. For instance, a description of the
control groups was not provided in one systematic review.17 Furthermore, when the same study
was included in several systematic reviews, the outcomes were reported inconsistently across
the reviews. Subsequently, the lack of standard reporting of clinical outcomes makes it difficult
to compare study findings between individual RCTs.
It should be noted that none of the included systematic reviews or RCTs were powered to detect
changes in the risk factors of metabolic syndrome. Many of the SRs included a small number of
studies involving the population of interest in this report (see Appendix 2). No account was
provided in any of the RCTs on how many patients were included from the original source
population and how allocation concealment was performed. Also, two RCTs did not report the
number of patients taking each AAP monotherapy during the study.21,22
The generalizability of study results may be limited as some of the RCTs included in the
systematic reviews limited the population to specific ethnic groups. For example some studies
were restricted to the Chinese population.7,15,16 It is possible that the response to the treatment
of metabolic risk factors may differ in other patient populations. The included RCTs had a
duration that ranged from eight to 16 weeks, which may not be long enough to observe changes
in the risk factors that would prevent or effectively treat metabolic syndrome. In addition, only
one of the included studies addressed if patients in the trial experienced any change in their
metabolic syndrome status after treatment. It is difficult to draw meaningful conclusions on
interventions that reduce metabolic syndrome without any information on disease status.
Moreover, relevant studies on aripiprazole, as the intervention, were not identified in the
literature search. A conclusion, therefore, on the impact of metabolic syndrome with this
treatment cannot be drawn.
CONCLUSIONS AND IMPLICATIONS FOR DECISION OR POLICY MAKING:
It is difficult to draw definitive conclusions on the interventions for risk factors for metabolic
syndrome. The most frequently studied AAP for metabolic risk factor included in this report is
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olanzapine. None of the included RCTs and systematic reviews studies metabolic risk factors
was related to aripiprazole. There is insufficient evidence on which specific intervention may
have clinical benefits on individual metabolic risk factors. Topiramate may be associated with a
decrease in systolic and diastolic BP. However, sibutramine or modafinil added to treatment
with olanzapine had no significant difference on BP.
Switching from olanzapine to aripiprazole or quetiapine may be associated with a significant
decrease in FBG. There is some evidence to suggest that switching from olanzapine to
quetiapine or aripiprazole is associated with a decrease in FBG. There is also some evidence to
suggest that a combination of dietary counseling, physical activity and behavioural components
may be beneficial in decreasing blood glucose. In addition, topiramate added to a treatment with
an AAP may be associated with a significant decrease in blood glucose. There is no evidence to
suggest that modafinil, orlistat or sibutramine are associated with lower FBG when treated with
AAP monotherapy.
It is unclear if metformin in combination with AAP monotherapy has any benefit on decreasing
WC, however, metformin and lifestyle changes may have some benefit on decreasing WC in
combination with AAP monotherapy. There is no evidence to suggest that switching from
olanzapine to aripiprazole is associated with a decrease in WC. There is no evidence to suggest
that sibutramine is associated with a decrease in WC in combination with AAP monotherapy.
There is insufficient clinical evidence on the most effective treatment to decrease WC.
Topiramate is one intervention that may be associated with an increase in HDLs while being
with an AAP monotherapy. The evidence on the association between HDLs and sibutramine,
and orlistat, while being treated with an AAP monotherapy, is lacking. A combination
intervention of diet, physical activity and behavioural changes may be associated with decrease
triglycerides in combination with other AAPs. Metformin and sibutramine in combination may
prevent some of the increase in triglycerides while being treated with AAPs.
The frequency of monitoring for metabolic risk factors ranged from two to 12 weeks for BP,
FBG, WC, HDL, and triglycerides. It is important to note that the longest study duration was 16
weeks. As a result, it is unclear whether the frequency of monitoring should change beyond 16
weeks.
Most RCTs in this review were of low quality. Inconsistent reporting in the systematic reviews
and RCTs also makes it difficult to draw firm conclusions on the short-term and long-term
impact of interventions to prevent or manage metabolic syndrome for patients treated with
aripiprazole, clozapine, olanzapine, quetiapine, or risperidone. A universal definition of
metabolic syndrome would help to standardize the reporting of clinical findings and,
subsequently, increase the comparability of these studies.
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APPENDICES:
Appendix 1: Selection of Included Studies
667 citations identified from
electronic literature search and
screened
635 citations excluded

32 potentially relevant articles
retrieved for scrutiny (full text, if
available)

5 potentially relevant
reports retrieved from
other sources (grey
literature, hand
search)

37 potentially relevant reports

25 reports excluded:
-already included in at least one of
the selected systematic reviews = 7
-irrelevant population = 3
-irrelevant intervention = 1
-irrelevant comparator = 1
-irrelevant outcomes = 4
-irrelevant study design =2
-other (review articles, editorials)=7

12 reports included in review
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Appendix 2: Summary of Included Study Characteristics
First
Author,
Publication
Year,
Country
Praharaj et
14
al. (2011) ,
India

Mukundan
et al.
7
(2010)
United
Kingdom

Study Design

Patient
Characteristics

Intervention

Comparator(s)

Systematic
review and
metaanalysis

Four DB, RCTs
(n=224)
adult
patients with
schizophrenia,
schizoaffective
disorder, or
bipolar disorder

metformin 750 to
2250 mg/day(four
trials)

placebo (four
trials)

switching from
typicals or
atypical
antipsychotics
(olanzapine or
risperidone) to
aripiprazole 30
mg via three
methods of
initiation (one
trial)

staying on
olanzapine
(mean dose=
15.9 to 16.9
mg/day) (2 trials)

Systematic
review and
metaanalysis

AAPs include:
Olanzapine 5-20
md/day (for all
patients)
Four DB, RCTs

Three DB, RCTs
included patients
taking atypical
antipsychotics
(n=617)
Adult
patients with
schizophrenia or
schizoaffective
disorder
AAPs include:
olanzapine,
risperidone,
quetiapine, and
aripiprazole

Relevant
Clinical
Outcomes
for Mets
Measured
WC

cholesterol,
HDL,
triglycerides,
fasting blood
glucose
WC

one treatment
arm switching
from olanzapine
to quetiapine
(mean modal
dose = 16.9
mg/day) with the
other arm (one
trial)
switching to
aripiprazole
monotherapy
(mean dose=
16.9 mg/day),
(one trial)
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First
Author,
Publication
Year,
Country
Ehret et al.
15
(2010)
USA

Study Design

Patient
Characteristics

Intervention

Comparator(s)

Systematic
review and
metaanalysis

Six
RCTs, placebo
controlled
patients taking
metformin
including adults
and children

metformin 750 to
2,250 mg/day
(four trials)

placebo (four
trials)

Eight DB, RCTs
including children
and adults

metformin alone
750-2250 mg/day
(2 trials)

placebo (three
trials)

4 RCTs including
only adult
patients with
schizophrenia, or
bipolar disorder
(n=278)

metformin 750
mg/day alone or
+ lifestyle
modifications(one
trial)

Relevant
Clinical
Outcomes
for Mets
Measured
WC

4 RCTs including
adults receiving
treatment for 12
to 16 weeks
(n=274)
AAPs include:
olanzapine,
clozapine,
risperidone,
quetiapine,
sulpiride

Miller et al.
16
(2009)
USA

Systematic
review

AAPs include:
olanzapine,
risperidone,
clozapine,
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HDL,
triglycerides
and WC

placebo only or/+
lifestyle
modification (one
trial)

metformin 8501700 mg/day +
sibutramine 1020 mg/day (one
trial)

15

First
Author,
Publication
Year,
Country
Gabrielle et
17
al. (2009)
USA

Study Design

Patient
Characteristics

Intervention

Comparator(s)

Systematic
review

16 non-RCTs and
RCTs

dietary
counseling
components, PA
counseling,
and/or
behavioural
component s for
12 weeks to 18
months (10 trials)

standard/ routine
care
(unspecified) (5
trials), 2hr
nutrition
education group
(one trial),
control group
with food and
exercise diaries
(one trial),
control group
(unspecified)
(two trials),
metformin,
metformin
lifestyle, placebo
(one trials)

metformin 500
mg to 2550
mg./day (five
trials)

lifestyle
intervention+
placebo or
placebo only
placebo only
(one trial)

Ten RCTs
(n=694)
adult patients with
schizophrenia,
schizoaffective
disorder,
psychotic
disorder, bipolar
disorder,
schizotypal,
depression, and
personality
disorder

Bushe et al.
18
(2009)
United
Kingdom

Systematic
review

AAPs include:
olanzapine,
risperidone,
clozapine, and
quetiapine
11 studies with
children and adult
patients
randomized, DB
Seven studies
included adult
patients only (n=
339) with
schizophrenia or
bipolar disorder
AAPs include:
risperidone,(2.7
mg/day),
olanzapine (5.3 11.5 mg/day),
clozapine (115196.8 mg/day),
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metformin
750mg/day+
lifestyle
intervention (one
trial)
metformin 8503400 mg/day+
sibutramine 1040 mg/day (one
trial)

Relevant
Clinical
Outcomes
for Mets
Measured
Triglycerides,
cholesterol
and glucose

WC, lipids,
FG, HDL

placebo, (5 trials)
metformin
+placebo (one
trial)

16

First
Author,
Publication
Year,
Country
Henderson
et al.
19
(2011)
USA

Study Design

Patient
Characteristics

Intervention

Comparator(s)

DB, RCT,
eight week,
placebocontrolled

modafinil
100-300 mg/day

Placebo

Narula et al.
20
(2010)
India

DB, RCT, 12
week,
placebocontrolled

olanzapine (5-20
mg/day)+
topiramate (50100mg/day)
(n=33)

olanzapine (5-20
mg/day)+placebo
(n=34)

FBG,
Triglycerides,
Systolic BP,
Diastolic BP

Owen
21
(2009)
USA

RCT, 16
week, openlabel

aripiprazole
(n=26)

Olanzapine,
quetiapine,
risperidone
(n=25)

Proportion
with Mets at
end of
treatment,

Joffe et al.
22
(2008)
Finland

DB, placebo
controlled, 16
week, RCT

orlistat (n=35)
360mg /day (3x
120 mg with
meals)

placebo (n=36)

fasting
glucose, total
cholesterol,
HDL, and
triglycerides
(monitored at
0,,8,16
weeks)

Kelly et al.
(2008)
23
et al.
USA

Double blind,
8 week, RCT

N= 35
schizophrenia or
schizoaffective
disorder DSM-IV,
Adults age 20-64
AAP: clozapine
for at least 6
months with a
stable dose for
one month prior
to the trial for all
patients
N=72
Adults with ICD10 diagnosis of
schizophrenia
AAP: olanzapine
for all patients
N=51
schizophrenia
and mets (ATPIII-A)
Adults (age 22 to
62)
N= 81
adults (age 18 to
65) with a serious
mental condition
AAP: clozapine
or olanzapine
stable for at least
4 weeks before
the trial for all
patients
N= 377
patients with
DSM-IV
diagnosed
schizophrenia
and
schizoaffective
disorder (age 1864)
outpatients or
inpatients (if
hospitalized <4
weeks)

olanzapine (5-20
mg/day) (n= 188)

risperidone (2-6
mg/day)
(n= 189)

HDL,
triglycerides,
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Relevant
Clinical
Outcomes
for Mets
Measured
BP (baseline
,2,4,6,8),
Glucose,
HDL, LDL,
total
cholesterol,
triglycerides
(baseline,
week 4, and
week 8)
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First
Author,
Publication
Year,
Country
Henderson
et al.
24
(2007)
USA

Study Design

Patient
Characteristics

Intervention

Comparator(s)

double blind,,
placebocontrolled, 12
week, RCT

N=21

sibutramine
(n=11) (10-15
mg/day (dose
escalation from
10 to 15 mg over
4 weeks)

placebo (n= 10)

DSM-IV
diagnosed
schizophrenia
18-65 years,
stable on dose of
clozapine for 4
months
AAP: clozapine
for all patients

Relevant
Clinical
Outcomes
for Mets
Measured
WC, glucose,
total
cholesterol,
HDL
triglycerides,
systolic BP,
diastolic BP
(baseline
and week
12)

AAPs=Atypical Antipsychotics, ATP-III-A= Adult Treatment Panel III BP= Blood Pressure, DB= double blind, DSM-IV= Diagnostic
and Statistical Manual of Mental Disorders IV, FBG= Fasting Blood Glucose, FG = Fasting Glucose , HDL= High Density
Lipoproteins, RCT=Randomized Controlled Trial, WC= Waist Circumference.
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Appendix 3: Summary of Critical Appraisal
First Author,
Strengths
Publication
Year, Country
Systematic Reviews
Praharaj et al.
Explicit inclusion criteria
14
(2011) ,
Methodological assessment of
India
quality of included studies
conducted

Mukundan et al.
7
(2010) ,
United Kingdom

Ehret et al.
15
(2010)
USA

Comprehensive literature search
Appropriately applied statistical
tests for heterogeneity and
pooled studies when it was
appropriate
Data extraction conducted by
two independent reviewers
Methodological assessment of
study quality of included studies
conducted and only studies
deemed high quality were
included (Jadad Score > 3)

Miller et al.
16
(2009)
USA

Detailed descriptions of the
included studies was presented

Gabrielle et al.
17
(2009)
USA

Included 10 RCTs with a clear
and concise summary of study
characteristics
The only systematic review
included that evaluated nonpharmacological interventions

Bushe et al.
18
(2009)
United Kingdom

Comprehensive literature search
Clear, detailed data presented
for included studies

Limitations

Literature search time frame was not
specified
Studies designed to assess prevention of
weight gain were pooled with studies
designed to assess weight loss
No assessment of publication bias
Restricted the populations to patients
with schizophrenia or schizophrenia like
illness taking AAPs only
Data extraction was not done
independently by at least two reviewers
Heterogeneity was present by individual
2
study findings were pooled (I > 83.9%)
No information on the mental health
status of the patients (for example,
mental illnesses diagnosed were not
provided)
Including only trials that met the Jadad
15
score cutoff may limit generalizability
Unclear inclusion and exclusion criteria
It is unclear how the data were extracted
Little data provided and incomplete
reporting of study results
Publication status and bias not assessed
No information provided on data
extraction
No assessment for publication bias
conducted
Study is focused on weight gain or
weight changes with little discussion or
interpretation of metabolic outcomes
(SBP, DBP, Triglycerides, cholesterol,
glucose)
Unclear if data was extracted
independently by at least two reviewers
Unclear if grey literature was searched
Unclear how the scientific quality of
studies was assessed

Randomized Controlled Trials
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Henderson et al.
19
(2011)
USA

Described reasons patients
were excluded from the study
and/ or lost to follow up
Numerous relevant metabolic
outcomes are recorded

Sample size (n=39) and no power
calculations are provided
Description of methods to blind
investigators and participants not
provided

Narula et al.
20
(2010)
India

Population included inpatients
and outpatients
Numerous relevant metabolic
outcomes
Provide a description of reasons
for exclusion at screening and
patients excluded/lost to follow
up during the trial
Included four AAPs (aripiprazole,
olanzapine, quetiapine, and
risperidone)

Provided per protocol analysis only

Owen (2009)
USA

21

Joffe et al.
22
(2008)
Finland

Kelly et al. (2008)
23
et al.
USA

Henderson et al.
24
(2007)
USA

Exclusion criteria and the
reasoning behind the criteria
were provided (for example
possible confounding effect on
weight and other metabolic
issues)
Multiple relevant metabolic
outcomes
Direct comparison of two AAPs
(risperidone and olanzapine)
Sample size (n=377
Multiple relevant metabolic
outcomes

No information provided on the number
of patients treated with the other atypical
medications (olanzapine, quetiapine, and
risperidone)
One metabolic outcome measured
Investigators, participants and analysts
not blinded
No information on the dose of clozapine
or olanzapine used during the trial
No statistical methods used to account
for multiple comparisons increasing the
risk a significant relationship was found
22
by chance
Industry sponsored study
Study duration (8 weeks)
It is unclear if the study was powered to
detect differences on metabolic factors
between risperidone and olanzapine
No dose information on clozapine
provided
Sample size (n=21)

AAPs=Atypical Antipsychotics, DBP= Diastolic Blood Pressure, RCTs=Randomized Controlled Trials, SBP= Systolic Blood Pressure
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Appendix 4: Summary of Findings and Authors’ Conclusions
First Author,
Main Study Findings
Publication
Year, Location
Systematic Reviews
Praharaj et al.
From a random effects model in WC was reported
14
(2011) ,
WMD (weighted mean difference) = 1.42 (95% CI
India
0.29 to 3.13, p<0.00001) cm lower with metformin
compared to placebo at 12 weeks.

Authors’ Conclusions

Mukundan et al.
7
(2010) ,
United Kingdom

There was no significant difference in HDL levels for
patients who switched from olanzapine to
quetiapine; no difference was observed in
triglycerides in the two groups (switch to quetiapine
or staying olanzapine) in one trial. In the one trial
HDL, levels increased by 1.7% (n=80, SE 1.8) in the
aripiprazole group and decreased by 5.9% (n=7.6,
SE 1.7) in the olanzapine group. The p-value was
0.002. FBG showed a significant decrease switch to
aripiprazole or quetiapine from olanzapine
(2 RCTs, -2.53, 95% CI -2.94 to -2.11,
n= 280)

The authors indicated to switch from
antipsychotic medications to a treatment
with a lower potential for causing weight
gain or metabolic problems to manage
effectively metabolic adverse effects.
Data, however, are weak due to few
trials, small samples, and poor reporting
too; better trials with higher power are
needed.

Ehret et al.
15
(2010)
USA

Four studies included in a subgroup analysis
reported a weight a decrease in waist
circumference of 1.64 cm,( WMD -1.64, 95% CI 3.11 to -0.18)

The study results suggested metformin
may reduce metabolic risks in patients
treated with AAPs.

Miller et al.
16
(2009)
USA

No significant differences were reported in HDL, or
triglycerides. One study reported a significant
decrease in waist circumference (no data provided),
one study reported significant increase in waist
circumference (no data provided)

Gabrielle et al.
17
(2009)
USA

The results from three RCTs that measured
changes in triglycerides were not pooled. These
studies reported significant decreases in
triglycerides ranging from -20.68 to -29.56 % during
a course of treatment for studies with follow-up
ranging from 10 weeks to 18 months (p< 0.05). The
three RCTs that measure changes in cholesterol
were not pooled. Only one study with an 18 month
follow up period reported significant decreases in
cholesterol -12.10% (p<0.05)
Data were not pooled for any of outcomes.

The results did not provide clear
substantial evidence that metformin, as
added to atypical antipsychotic use, will
decrease weight gain and improve
metabolic effects, although the findings
are encouraging.
“As length of intervention increases, the
benefits of the intervention on metabolic
risk factors increases, the benefits of the
intervention on these outcomes also
appears to increase.” (p.450)

Bushe et al.
18
(2009)
United Kingdom

Five RCTs measured changes or decreases in WC.
Four of the five studies reported no significant
differences in waist circumference in groups taking
metformin. One study reported metformin and
lifestyle changes were superior for decreasing waist
circumference compared to metformin alone
(p<0.03), lifestyle alone (p<0.0001) or placebo
(p<0.0001).

Metformin use is justified in patients
experiencing olanzapine-induced weight
14
gain with no contraindication

There is insufficient evidence to conclude
definitively that metformin should be used
as an adjunct to weight and lifestyle
programs for patients with schizophrenia.
Conclusions may only be applied to
olanzapine investigated in cohorts with
patients of specific ethnicities.

Three RCT reported on lipid related outcomes. One
study reported no significant between group
differences on lipids. One study reported HDL-C
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First Author,
Publication
Year, Location

Main Study Findings

Authors’ Conclusions

increased significantly for patients using metformin
and clozapine compared to placebo and clozapine
(p=0.0001), while the other reported HDL-C
decreased for patients using metformin and
olanzapine significantly decreased HDL-C
compared to placebo and olanzapine.
Fasting glucose was recorded in all six RCTs
including adult patients taking metformin. Five
studies did not report any significant difference in
serum glucose between clozapine or olanzapine
(alone or with sibutramine) and metformin groups
versus clozapine or olanzapine (or and metformin)
and placebo. One study reported metformin and
lifestyle was significantly superior to placebo to
placebo on FG (p=0.0006); metformin was superior
to lifestyle or placebo only (p<0.0001) and lifestyle
alone was significantly superior to placebo only
(p<0.001)
No significant between group differences were
reported for triglycerides or total cholesterol in the
three trials with measures of lipids that reported on
metformin alone (and with sibutramine and
olanzapine) or clozapine or olanzapine alone.

Randomized Controlled Trials
Henderson et
There were no significant differences for any of the
19
al. (2011)
metabolic outcomes for the modafinil group
USA
compared to placebo (BP, FBG, HDL, and
triglycerides were included).
Narula et al.
The olanzapine and topiramate group showed a
20
(2010)
significant decrease after 12 weeks in FBG (mg%),
India
Triglycerides (mg%), HDL (mg%) systolic BP (mm
Hg), and diastolic BP (mmHg) compared to
olanzapine control group.

21

Owen (2009)
USA

Joffe et al.
22
(2008)
Finland

Non-HDL cholesterol mean % change difference
between the aripiprazole group and the control
group (olanzapine, quetiapine, and risperidone) is 11.28 (95% CI -19.14 to -2.66).
Proportion of patients with metabolic syndrome at
the end of treatment aripiprazole group 64% and the
control group 86%
No significant differences were observed between
the orlistat and placebo groups after 16 weeks in
total cholesterol, LDL, HDL, or fasting glucose.
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There were no significant effects of from
modafinil on any on anthropometric
measures or glucose and lipid
metabolism.
This study demonstrates that low dose
topiramate (100 mg/day) can prevent
olanzapine associated weight gain.
It allows displays topiramate can prevent
the development metabolic adverse
events associated with olanzapine use
such as hyperglycemia,
hypercholesterolemia and
hypertriglyceridemia.
Aripiprazole treatment was well tolerated
in patients with metabolic syndrome.

Orlistat may be a safe treatment for
obese or overweight patients using
clozapine or olanzapine, but without a
hypoclaroic diet, the effect is modest and
may be only observed in men.

22

First Author,
Publication
Year, Location
Kelly et al.
(2008)
23
et al.
USA

Henderson et
24
al. (2007)
USA

Main Study Findings

Authors’ Conclusions

A significant difference was observed between the
risperidone and olanzapine groups was observed
for triglycerides after eight weeks (p<0.0001) with
the risperidone group having displaying a decrease
in triglycerides and the olanzapine group presenting
an increase in triglycerides. At week 8 subjects on
olanzapine had a significant increase in TC
(p<0.001), while subjects on risperidone had a
significant decrease in TC p<0.0001) However, no
significant difference were observed between the
risperidone and olanzapine groups for TC,HDL-C.
After 12 weeks, no significant differences were
observed for WC, glucose, total cholesterol, HDL,
triglycerides, systolic and diastolic BPs.

Results confirm SGA are associated with
weight gain and olanzapine is associated
with weight gain to a greater extent than
risperidone.

This study indicates that, sibutramine
added to a behavioural nutrition program,
there are no significant benefits in weight
loss or any other metabolic parameters in
patients with schizophrenia or
schizoaffective disorder treated with
clozapine.

AAPs=Atypical Antipsychotics, BP= Blood Pressure, CI=Confidence Interval, FBG= Fasting Blood Glucose, FG = Fasting Glucose
, HDL= High Density Lipoproteins, HDL-C= High Density Lipoprotein Cholesterol, LDL= Low Density Lipoproteins,
RCT=Randomized Controlled Trial, SGA= Second Generation Antipsychotics, SE=Standard Error, WC= Waist Circumference,
WMD= Weight Mean Difference
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