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Abstract

Aim—The first-episode psychosis (FEP) represents a critical period to prevent cardiovascular and
metabolic morbidity decades later. Antipsychotic (AP)-induced weight gain is one modifiable
factor in this period. The purpose of this study is to conduct a meta-analysis of AP-induced weight
and body mass index (BMI) change in FEP.

Methods—A comprehensive literature search identified 28 articles that reported data on AP-
specific weight or BMI change in FEP. We conducted a meta-analysis of short- and long-term
mean weight and BMI differences between placebo and AP medications. We also performed
subgroup and meta-regression analysis to examine weight, BMI outcomes and their relationship
with location (Asian vs. Western), sponsorship and baseline weight and BMIs.

Results—Compared to placebo, AP-caused mean weight gain was 3.22 kg and 1.4 points BMI in
the short-term, and 5.30 kg and 1.86 points BMI in the long term. Clinically significant weight
gain risk increased about twofold with AP use. Weight gain was associated with duration of AP
use. AP medications were associated with more weight gain in Western samples as opposed to
Asian samples. Most AP medications were associated with significant body weight gain and BMI
increase in FEP patients, except for ziprasidone. Olanzapine and clozapine caused the highest
weight gain compared to placebo.

Conclusion—Except for ziprasidone, most AP medications were associated with body weight
gain and BMI increase in FEP patients. Early and continuing effects of various AP medications on
weight gain and BMI increase should be taken into consideration by clinicians.
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USA. cenk.tek@yale.edu.
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Figure S1. Subgroup meta-analyses of weight and body mass index (BMI) differences between Asian and Western samples.
Figure S2. Meta-analysis of mean body mass index (BMI) change in the short-term (<12 weeks).

Figure S3. Meta-analysis of mean weight differences (kg) between placebo and antipsychotic medications in 52 weeks.
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medications.
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Tek et al. Page 2

Keywords
ethnicity; haloperidol; obesity; schizophrenia; side-effect

INTRODUCTION

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

People with schizophrenia and related disorders die earlier than the general population.1-2
Although suicide is an important factor, the majority of early mortality can be explained by
cardiovascular disorders that are unrelated to the primary mental illness.3 Main risk factors
that increase the incidence of cardiovascular disorders in this population are excess rates of
smoking and of obesity and its consequences, especially diabetes. Taken together, it is safe
to assume that besides early mortality, these somatic problems also decrease health-related
quality of life significantly after the third decade of life. We have previously shown that
cardiovascular risk doubles in the first year of psychotic illness. This presents a rare
opportunity for a “critical period” of intervention to prevent morbidity and mortality and
improve quality of life for psychosis early intervention programmes several decades later.

Our previous research has revealed that the impact of obesity on cardiovascular health of
people with schizophrenia is about double as compared to general population.® Prevention of
rapid weight gain should be a sine gua non piece of early intervention in psychosis. In
patients with chronic schizophrenia lifestyle, factors such as diet and exercise do contribute
to obesity; however, most weight gain is mediated by antipsychotic (AP) medications as
shown by studies of schizophrenia patients before AP medications were developed and of
never medicated middle-aged patients.5” Still, it is possible to provide some improvement in
weight and metabolic status with structured lifestyle interventions.8-11 In first-episode and
psychasis prodrome patients, the lifestyle factors are more similar to their peers in the
general population, which may explain contrary findings with lifestyle interventions to
improve weight and metabolic diseases in this population.12:13 Although first-episode
psychosis (FEP) patients may benefit from the lifestyle interventions, a recent negative study
in a first-episode programme to improve weight and metabolic status'3 underlines the
importance of AP medication use and choice gain for prevention of weight gain.

A seminal paper by Allison et a/1* on AP-induced weight gain has provided a framework on
AP-induced weight gain, whereby AP medications have differing effects, with second-
generation drugs having a heavier impact than most first-generation APs. Based on animal
and human studies, it was no surprise that most antihistaminic (H1) medications (clozapine,
olanzapine, quetiapine, chlorpromazine etc.) were associated with most weight gain, closely
followed by medications that block serotonin 2C (5HT2C) receptors (risperidone,
paliperidone etc.). Blockade of both of these receptors increases appetite.1>-18 What was
surprising was the relatively low-risk weight profile of the pure dopamine 2 receptor blocker
haloperidol that increases eating behaviour and weight in rodents. This is possibly due to the
design of the research synthesis by Allison et al., which focused on studies of chronic
schizophrenia patients who likely had been on dopamine blocking agents previously. Thus,
if dopamine-induced weight gain is time limited to the first few years of use, and if the
contribution of dopamine blockade to weight is relatively limited compared to blockade of
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histamine H1 and 5HT2c receptors, weight gain by haloperidol and similar agents would be
statistically masked. Randomized clinical trials!®-20 provided some support for this line of
thinking as well as a recent meta-analysis which showed that medication-naive patients,
including first episode but mostly other diagnoses such as post-traumatic stress disorder,
depression and dementia, gain weight on first-generation AP agents as well.19:21

Meta-analysis is a powerful technique for research synthesis to answer clinical questions
such as AP-caused weight gain and to guide further leads research. On the other hand,
mostly young prodrome and FEP patients present a special challenge when studying weight
gain because a significant portion of them is still growing, thus some natural increase in
weight is to be expected. Another challenge for a meta-analysis in this population is the
dearth of studies that have utilized placebo control as it might be unethical for acutely
psychatic patients. The only meta-analysis addressing AP-caused weight gain in FEP
reported a 4.85 kg mean weight gain and 1.97 kg m=2 body mass index (BMI) increase.??
However, this study reported only overall weight and BMI changes, but not AP-specific
outcomes. They also assumed that no weight change would occur without the AP medication
use. Our group has previously conducted the only placebo-controlled randomized study in
the psychosis prodrome reporting weight data, which gives us the opportunity to examine
AP medications’ weight gain liability in this age group with psychotic symptoms.23

Identification of specific weight gain liabilities of various AP agents utilized in early
intervention of psychotic disorders is the first step in developing strategies to take advantage
of the critical period to decrease overall cardiovascular risk down the road. Therefore, the
aim of this report is to conduct a meta-analysis of all AP studies in first-episode patients in
terms of short-term (<12 weeks) and long-term (>12 weeks) weight gain and BMI change.

Studies were identified searching the following databases: PubMed, PsycINFO and Web of
Science (1950 to August 2014). Additionally, references of retrieved articles, related review
articles and meta-analyses were manually searched to include relevant articles. Two
reviewers (SG and SK) independently conducted literature search using search terms:
antipsychotics, medication-naive, first episode schizophrenia and weight (details were
provided in the Supporting Information). All articles were independently reviewed, and data
were extracted by two reviewers (SG and SK). Any conflicts were discussed with the third
reviewer (CT).

Selection criteria

Inclusion criteria for this meta-analysis were as follows: (i) studies in FEP patients who were
either AP-naive or with prior AP treatment for less than 16 weeks during their lifetime; (ii)
studies that were conducted in patients with minimum age of 15 years to reduce
confounding effect of continuing growth on weight and BMI24; (iii) studies that were
conducted in outpatient settings to limit restricted diet effects in inpatient settings; and (iv)
studies that reported available weight and/or BMI data during the intervention phase.
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The present meta-analysis was conducted and reported according to the PRISMA guidelines
(Preferred Reporting Items for Systematic Reviews and Meta-analyses).2>

Meta-analysis procedure

Study design, medication dose, funding source, study region, weight and BMI outcomes
were extracted. To analyse short- and long-term effects of AP medications on weight gain
independently, short-term and long-term weight, BMI change, and clinically significant
weight gain (>7% weight gain from baseline) outcomes were additionally retrieved when
data were available. In this meta-analysis, the period for the short-term AP treatment was
defined up to 12 weeks in accordance with the previous research?; the period for the long-
term AP treatment was defined from 13 to 52 weeks. Studies with a study period of more
than 1 year were only included if weights or BMI data were provided for the follow-up
period between 4 weeks and 1 year. Outcomes of overlapping samples from the same
investigators were extracted from the more detailed report. To obtain the missing
information, we contacted the authors to request relevant data. Correlation coefficients were
used to calculate and impute the missing standard deviation of change from baseline
applying the methods described in Cochrane Handbook for Systematic Reviews of
Interventions \ersion 5.1.0.27:28

To the best of our knowledge, there is no placebo-controlled study of AP treatment in FEP
patients, thereby the study sample consisting of prodromal patients232° was used to generate
estimates of placebo-controlled group outcomes. This study sample was consisted of 12- to
45-year-old treatment-seeking outpatients with prodromal psychotic symptoms, who were
randomized to placebo or olanzapine. In accordance with our age criterion, we analysed the
short-term and the long-term weights, BMI changes, and clinical significant weight gain
incidences for placebo in the subgroup of patients over 15 years old. In this subgroup, short-
term mean weight change was 0.31 + 1.99 kg, BMI change was —0.1 + 0.72 kg m™2, and
clinically significant weight gain estimate was 3.4%. Long-term mean weight change was
1.95 + 7.03 kg, BMI change was 0.5 + 2.34 kg m~2, and clinically significant weight gain
estimate was 26.3%. For each AP medication, a placebo-controlled group with equal number
of subjects was generated using these derived estimations.

We examined the difference between AP medications and placebo by calculating the mean
difference using the software Comprehensive Meta-Analysis Version 2 (Biostat, Englewood,
NJ, USA). A random-effects model was used in all analyses with the results for a fixed-
effects model presented as a sensitivity analysis.

To avoid publication bias, we conducted a comprehensive search among published and
unpublished studies. Publication bias was also assessed visually with funnel plots and

statistically with Egger’s regression test.30 Heterogeneity was assessed using Q and 12
statistics.

As a secondary analysis, we performed subgroup and meta-regression analysis to examine
weight, BMI outcomes and their relationship with study locations (Asian vs. Western),
sponsorship bias (pharmaceutical companies vs. government/independent), and baseline
weight and BMIs. For study location subgroup analysis, AP intervention studies from Japan
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(n=3), China (n=4), Korea (= 2) and Singapore (n= 1) were considered as Asian studies,
whereas interventions from other countries such as USA, UK and Spain were considered as
Western studies. For all statistical analyses, the significant statistical threshold was £< 0.05.

Our search strategy initially yielded 3059 articles excluding the duplicates. After screening
the abstract and the title, 760 articles were selected for full-text screening (Fig. 1). After full-
text review, 732 articles not fulfilling the selection criteria were excluded. Of the excluded
studies, 451were not conducted in a sample with only FEP patients, 220 provided no weight
data, 9 did not specify prior AP use, 30 were conducted in inpatient settings, and 22 reported
data from the samples that were already included in the analysis.

Overall, we identified 28 eligible studies with 52 appropriate treatment arms for inclusion in
this review31-55 (Supporting Information Table S1). The total number of patients in these
studies was 4139 (2594 male, 1545 female). Five studies were double blinded,32-36 one was
single blinded,3” and 22 were open label.20:24:31.38-52 Of these 28 studies, 12 (42.8%) were
funded by pharmaceutical companies, 6 (21.4%) were funded by institutional or government
agencies, and 3 (10.7%) were funded by pharmaceutical companies and institutional
agencies. Six studies were carried out independently.

Short-term results (12 weeks)

For the short-term meta-analysis, 39 weight change outcomes were extracted from 21 unique
intervention studies20-31-35.37-47.51-54 3nd 23 BMI change outcomes from 11 unique

samples.20.33.37:41,42,44,51-55 Njine of these studies lasted less than 12
weeks, 32,37,39-41,45-47 52

Weight change—From analysis of the selected studies, the overall mean weight gain
difference between AP medications and placebo was 3.22 kg (CI = 1.65-4.80, £< 0.001).
Compared to the placebo, only ziprasidone did not cause significant weight gain in the short-
term (Fig. 2).

We found no evidence of publication bias in the short-term weight change analysis (Egger’s
test intercept = 0.53, Cl = —=2.57 to 3.64). The short-term analysis showed considerable
heterogeneity (Q =50.57, d.f. =7, P<0.001).

Subgroup analysis showed no significant weight difference between pharmaceutical industry
funding and other funding sources (e.g. governmental funding agencies) (Q = 0.06, d.f. = 1,
P=0.79). The mean weight difference was significantly higher in Western countries (4.17
kg, Cl = 3.38-4.96) than in Asian countries (1.36 kg, Cl = -0.25 t0 2.99) (Q =9.26, d.f. = 1,
P=0.002) (Supporting Information Fig. S1). Meta-regression analysis revealed that
interventions with longer durations have a significant effect on weight change (PE = 1.23, ClI
=0.09-2.37, P=0.033). Baseline weight has a significant effect on weight gain in the short-
term (PE = 0.12, Cl = 0.000-0.24, P=0.048).
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BMI change—Overall BMI change was 1.46 kg m~2 (CI = 0.90-2.03, £< 0.001) in AP
treatment compared to that in placebo in the short-term (Supporting Information Fig. S2).
We found evidence of publication bias in the short-term BMI change analysis (Egger’s test
intercept = 4.20, Cl = 0.11-8.29, P=0.044). There was significant heterogeneity across
interventions (Q = 18.09, d.f. =6, A= 0.006).

Compared to placebo, interventions in Western (1.74 kg, Cl = 1.24-2.24, P< 0.001) and
Asian countries (1.45 kg, Cl = 0.64-2.27, < 0.001) showed significant BMI change in the
short-term (Supporting Information Fig. S1). Subgroup analysis demonstrated no significant
effect of study regions (Q = 0.34, d.f. = 1, #=0.55) and funding source (Q =0.14,d.f. =1, P
= 0.70) on BMI. No significant relationships were found between BMI differences with
baseline BMI (PE = 0.02, Cl =-0.23 to 0.27, £=0.87) and intervention durations (PE =
0.04, Cl =-0.06 t0 0.15, P=0.39).

Long-term results (>12 weeks)

For the long-term meta-analysis, we extracted 30 weight change outcomes from 13 unique
samples?0:24,31,33-36,48-50,54-56 3¢ 17 BMI change outcomes from 8 unique
samples.20.24.33:49,50,54-56 Of these studies, three of them lasted shorter than 52

weeks, 344956

Weight change—Meta-analysis of the long-term mean weight differences is shown in
Figure 3. A significant overall mean weight difference was found: 5.30 kg (CI = 2.87-7.74,
P<0.001) between AP medications and placebo. Olanzapine (7= 6, 9.34 kg (CI = 5.55-
13.12), £<0.001) and clozapine (7= 2, 7.19 kg (Cl = 0.28-14.09), A= 0.041) were the
interventions associated with the highest weight gain compared to placebo. The only one
intervention with perphenazine reported weight loss (—0.41 kg). We found significant
evidence of publication bias in the long-term analysis (Egger’s test intercept = 2.96, Cl =
1.48-4.45, P=0.003). Long-term weight analysis revealed no significant heterogeneity
across interventions (Q = 8.73, d.f. = 9, £=0.46).

When the analysis was repeated after excluding three studies that lasted shorter than 52
weeks,3449.56 order of weight gain liability across AP medications did not change. Weight
gain with most AP medications remains similar to initial analysis with the exception of
olanzapine, which was slightly higher (=5, 10.83 kg (CI = 8.83-12.83), £< 0.001). This
analysis revealed significantly more long-term weight gain with olanzapine compared to
other AP medications (Q = 39.542, d.f. =9, < 0.001) (Supporting Information Fig. S3).

Subgroup analysis showed that interventions lasting longer caused greater weight gain than
those studies that lasted shorter (PE = 0.55, Cl = 0.08-1.02, £=0.02). Funding source (Q =
0.32,d.f. = 1, P=0.569), Asian vs. Western source (Q =0.788, d.f. = 1, P=0.37)
(Supporting Information Fig. S1) and baseline weights (PE = 0.03, Cl =-0.20 t0 0.28, P=
0.75) did not have significant effect on weight change.

BMI change—Overall BMI change was 1.86 kg m~2 (CI = 0.89-2.83, £< 0.001) in AP
treatment compared to that in placebo in the long term (Supporting Information Fig. S4).
Compared to placebo, pooled BMI differences were significant with olanzapine (2.71 kg
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m=2 (Cl = 1.12-4.29), P< 0.001), quetiapine (2.20 kg m~2 (CI = 0.37-4.02), A< 0.001) and
risperidone (1.85 kg m~2 (CI = 0.88-2.83), 2= 0.004). There was a trend toward increased
BMI with haloperidol use (1.90 kg m=2 (CI = -0.31 to 4.08), P= 0.09).

For the long-term BMI analysis, we found significant publication bias (Egger’s test intercept
=3.12, Cl = 1.06-5.18, P=0.005). Heterogeneity between the studies was not significant (Q
=3.23,d.f. =5, P=0.66).

After excluding two studies that lasted shorter than 52 weeks, 4956 pooled BMI differences
were similar with the initial analysis (olanzapine 3.46 kg m=2 (Cl = 2.34-4.59), P< 0.001;
risperidone 2.22 kg m=2 (CI = 1.43-3.01), P< 0.001; quetiapine 2.61 kg m=2 (Cl = 1.47-
3.75), P<0.001). Heterogeneity between the studies was significant (Q = 13.08, d.f. =5, P=
0.023).

Subgroup analysis demonstrated no significant effect of study regions (Q =0.96, d.f. =1, P
=0.32), funding source (Q = 3.15, d.f. =1, = 0.07) or baseline BMIs (PE = -0.11 (Cl =
-0.47 t0 0.23), £=10.51) on BMI change in the long term. Intervention duration significantly
affects BMI change in the short-term (PE = 0.06 (CI = 0.02-0.09), A< 0.001).

Meta-analysis of percent weight change

For percent weight change analysis, we analysed the studies that reported the percentages of
patients who gained more than 7% of their baseline weight. Our search revealed a limited
number of studies that reported on such clinically significant weight gain estimates. More
than 7% weight gain estimates of interventions were reported in three studies at the short-
term32:46.47 and in four studies at the long term.20:31,33,50

Meta-analysis results showed a significant effect of APs on percent weight change compared
to placebo (RR = 2.14 (Cl = 1.58-2.91), £< 0.001; risk difference = 0.30 (Cl = 0.11-0.49),
P=0.002). Of all the medications that were included in the analysis, the percent weight
change was similar to placebo only with ziprasidone (RR = 1.05 (Cl = 0.65-1.72), = 0.82;
RD =0.30 (Cl = 0.11-0.49), A= 0.52) (Supporting Information Fig. S5).

Regarding the percent weight change data, studies showed significant heterogeneity (Q =
12.65, d.f. =5, P=0.027). We also found evidence of publication bias (Egger’s test intercept
=-1.90, Cl = -3.59 to —-0.22, A= 0.029).

Subgroup analysis showed no significant effect of funding source (Q =0.96,d.f. =1, P=
0.96), intervention duration (PE = 0.01, Cl = -0.002 to 0.02, A= 0.12) or baseline weights
(PE =0.02, CI =-0.008 to 0.06, A= 0.13) on estimates of >7% weight gain.

DISCUSSION

Most AP medications were associated with significant weight gain both in the short and long
terms in early psychosis patients. Weight gain was associated with duration of AP use. In the
short-term, weight gain with ziprasidone was similar to placebo; however, it was not clear if
this advantage was carried over to the long term due to lack of studies. Haloperidol, unlike in
studies of chronic schizophrenia patients, was associated with both short- and long-term
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weight gains. Similarly, aripiprazole, which appeared weight neutral in previous studies, was
associated with short-term weight gain. Finally, AP medications were associated with higher
weight gain in Western samples as opposed to Asian samples.

This meta-analytic study takes account of probable body growth in FEP population. The
results are in line with and expand findings of a previous smaller meta-analysis of overall
weight effects of APs in this population.22 The distribution of weight gain liabilities across
APs appears to be similar to that in medication-naive older adult patients of all diagnoses,?!
but not to that in chronic schizophrenia samples.1426 Notably, the selective and potent D2
blocker haloperidol was shown to be associated with very significant weight gain in FEP but
not in chronic schizophrenia patients, which may point to a weight increasing effect that
plateaus later. On the other hand, consistent results of weight gain with the worst offending
agents olanzapine and clozapine, and to some extent quetiapine and risperidone, may
suggest that weight gain with these agents remains high risk over time. The short-term
advantage of ziprasidone may translate well to long term because this agent maintains its
weight gain advantage in chronic schizophrenia populations.

The initial selection of medication in FEP may present an opportunity for preventing
morbidity decades later. Ziprasidone appears to confer advantages of not causing as much
weight gain as the other APs. Possible pharmacological explanations for this may be
noradrenaline re-uptake blocking activity of ziprasidone, which differentiate this medication
from others.>” It is important to note that individual responses to medications may differ as
7-16% of the patients on ziprasidone gained clinically significant weight gain in the
registration studies.58 The weight gain advantage of aripiprazole in previous studies, an
agonist/antagonist of both D2 and 5-HT2c receptors,>® did not emerge in the short-term in
this study. Long-term studies investigating the weight effect of aripiprazole are lacking. It
may still be advantageous to consider aripiprazole when switched from higher weight gain
liability medications.®% Some previous studies20-3461 reported the similar weight gain effects
of haloperidol and second-generation AP medications including olanzapine and risperidone
over the longer time in FEP. Our results revealed a significant weight gain with olanzapine
compared to haloperidol and other second-generation AP medications in the short-term and
long term.20:34 There does not seem to be a good reason to choose olanzapine as a first or
second choice of AP from a prevention of future cardiovascular morbidity and mortality
point of view. Clozapine, of course, represents a separate case with its unique action for
treatment refractory schizophrenia. Regardless, it does not seem to confer any special
advantage as a first trial AP in FEP.36

Our study underscores deficiencies in the literature, some of which represent limitations of
this study. First, we have shown that studies from Asian countries report lower weight gain
with AP as opposed to Western studies. Given the prevalence of Asian studies in the
literature, this potential confound should be routinely addressed in future meta-analyses.
Second, weight change is reported in a non-uniform manner across the studies, which create
a difficulty for analyses such as ours. BMI takes height increase into account and BMI
change should always be reported in FEP studies. We also advocate for baseline weights,
weight change and clinically significant weight gain (>7% of total body weight) percentage
being reported in every medication study. Third, studies do not consistently report on
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association between dose and weight change, which makes dose—weight gain analyses
impossible without direct access to data. Relationship between weight gain and AP dose is
not trivial from both clinical and research perspectives. Fourth, long-term studies with
ziprasidone and aripiprazole in FEP are lacking, and thus some caution is required when
interpreting our results. We also noted a dearth of studies with mid-potency first-generation
AP such as perphenazine, which carried a weight advantage in the CATIE (the Clinical
Antipsychotic Trials of Intervention Effectiveness) study and represented favourably with
one small study in our meta-analysis. A limitation of the current study is the fact that the
placebo-controlled group was consisted of prodrome patients,2329 as we could not find any
placebo-controlled studies in FEP. Generating outcomes from a small sample size can reduce
the precision of outcome estimations. Compared to prodromal psychotic patients, growth/
placebo effects could also differ in FEP. We also found evidence of publication bias in long-
term weight and BMI change, which again calls for caution in interpretation of findings for
the longer term weight gain.

FEP represents a critical period both for psychiatric and preventive medicine care.462
Lifestyle change incorporated in phase-specific FEP care could reap significant health and
quality of life benefits several decades later for the FEP population. However, first and
foremost, care in initial medication choice represents a relatively easy and inexpensive
preventive health intervention for FEP. This meta-analysis sheds light on specific weight
gain liabilities of various AP medications in early stages of psychosis. Except for
ziprasidone, almost all AP medications were associated with body weight gain and BMI
increase in FEP patients. Haloperidol and possibly other strong D2 receptor blockers are not
weight neutral in FEP, as previously had been thought from chronic schizophrenia studies.
Early and continuing effects of various AP medications on weight gain and BMI increase
should be taken into consideration by clinicians. Initial AP medication selection of a lower
weight gain liability AP or switching to one later in the treatment is important in preventing
future weight gain and cardiovascular risk several decades later.
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FIGURE 2.
Meta-analysis of mean weight differences (kg) between placebo and antipsychotic

medications in the short-term (<12 weeks). Random-effects analysis: Q = 50.57, d.f. =7, P=
<0.001. Fixed-effect analysis: Q = 508.13, d.f. = 7, A= <0.001. 12 = 94.53, Tau? = 5.53.
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Meta-analysis of mean weight differences (kg) between placebo and antipsychotic
medications in the long term (>12 weeks). Random-effects analysis: Q =8.73, d.f. =9, P=
<0.463. Fixed-effect analysis: Q = 35.98, d.f. =9, P=<0.001. 12 = 87.31, Tau? = 10.79.
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