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Purpose: To describe the weight gain-related side-effects of psychotropic drugs and their consequences
on metabolic complications (hypercholesterolemia, obesity) in a Swiss cohort of psychiatric patients.
Method: This cross-sectional observational study was performed in an out-patient psychiatric division
with patients having received for more than 3 months the following drugs: clozapine, olanzapine,
quetiapine, risperidone, lithium, and/or valproate. Clinical measures and lifestyle information (smoking
behaviour, physical activity) were recorded.
Results: 196 inclusions were completed. Weight gain (�10% of initial weight) following drug treatment
was reported in 47% of these patients. Prevalence of obesity (BMI � 30), hypercholesterolemia
(�6.2 mmol/L) and low HDL-cholesterol (<1.0 mmol/L in men, <1.3 mmol/L in women) were present in
38%, 21%, and 27% of patients, respectively. A higher standardised dose, an increase of appetite following
medication introduction, the type of medication (clozapine or olanzapine > quetiapine or
risperidone > lithium or valproate), and the gender were shown to be significantly associated with
evolution of BMI.
Conclusion: High prevalence of obesity and hypercholesterolemia was found in an out-patient psychiatric
population and confirms drug-induced weight gain complications during long-term treatment. The
results support the recently published recommendations of monitoring of metabolic side-effects during
treatment with atypical antipsychotics. Moreover, the weight gain predictors found in the present study
could help to highlight patients with special health care management requirement.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Weight gain-related side-effect was shown for several thera-
peutic classes including anti-HIV drugs, antidepressants (in partic-
ular the tricyclics), second generation antipsychotics (SGA) or so-
called atypical antipsychotics, and some mood stabilizers (MS).
Recent publications have drawn attention to the risk of developing
metabolic complicationswith SGA includingweight gain, diabetes or
dyslipidemia (American Diabetes Association, American Psyhiatric
Association, American Association of Clinical Endocrinologists,
rilly, Lausanne, Switzerland.

All rights reserved.
North American Association for the Study of Obesity, 2004; Allison
and Casey, 2001; De Hert et al., 2009; Stahl, 2008). The magnitude
of weight gain-related side-effect is compound-dependent with
clozapine and olanzapine being frequently associated with the
highest weight gain (Allison et al., 2001; Basson et al., 2001; Hasnain
et al., 2009; Komossa et al., 2010; Leucht et al., 2009; McIntyre et al.,
2001; Meyer, 2007; Newcomer and Haupt, 2006; Tschoner et al.,
2007; Wirshing et al., 1999). Expectedly, longer SGA treatment
durations are associated with increased risks of weight gain (Zheng
et al., 2009). In addition, other drugs such as valproate and lithium,
two MS, can equally contribute to metabolic complications in
psychiatric patients, especially through an increase in body weight
(Documed, 2010; Vieweg et al., 2008).

Drug-induced weight gain is a challenging issue for physicians.
Not only because it can jeopardise the patients self-confidence and
increase the risk of relapse by compromising treatment compliance
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(Weiden et al., 2004), but it could also be considered as the first step
towards the development of obesity and other metabolic compli-
cations, which can ultimately reduce life expectancy by several
years (Isomaa et al., 2001; Lakka et al., 2002; Stahl, 2008). Thus, an
increase in the natural mortality rate of 1.5e2-fold as compared to
the general population was reported for depressed, bipolar and
schizophrenic patients (Angst et al., 2002; Laursen et al., 2007),
which appears to be mainly due to a two-fold excess of cardio-
vascular risk factors (Birkenaes et al., 2007; Cohn and Remington,
2003; McEvoy et al., 2005; Musselman et al., 1998; Osby et al.,
2000; Van der Kooy et al., 2007). In addition, several studies re-
ported a higher prevalence of metabolic syndrome in various
psychotic disorders including bipolar and schizophrenic patients as
compared to the general population (Birkenaes et al., 2007; Correll
et al., 2008; Fiedorowicz et al., 2008; Sicras et al., 2008; VanWinkel
et al., 2008b). As a consequence, consensus reports have recom-
mended to closely monitor potential iatrogenic weight gain side-
effects and other metabolic complications in psychiatric
patients receiving SGAs (American Diabetes Association, American
Psyhiatric Association, American Association of Clinical
Endocrinologists, North American Association for the Study of
Obesity, 2004; De Hert et al., 2009).

The major aims of the present study were to estimate the
prevalence of obesity and hypercholesterolemia, two metabolic
complications, in a chronic psychiatric population from Switzer-
land and to evaluate the influence of SGA, of MS and of others
covariables on weight gain in patients in whom drug intake was
ensured.

2. Materials and methods

2.1. Subjects

Patients were recruited between 18 and 65 years old and
receiving one or several of the following psychotropic drugs for at
least 3 months: clozapine, olanzapine, quetiapine, risperidone,
lithium, and/or valproate. No exclusion criterion was set for this
study. All concomitant medications were allowed. The study was
conducted in two out-patient psychiatric centres of Geneva
University hospital (Jonction and Servette). Diagnosis was made by
their current psychiatric physician according to the ICD-10 diag-
nostic scale.

Enrolments were made between June 2006 and May 2008
during one of the patients routine follow-up examinations. The
visit could take place at any time during the day regardless of the
drug and food intake. This cross-sectional study performed in
a naturalistic setting was approved by the Ethics Committee of the
University of Geneva. All patients gave written consent to partici-
pate in the study after oral and written information. In the case of
a patient with a legal tutor, the approval of the tutor was also
obtained.

2.2. Measurements

Body weight and height were measured during the interview
while sex, age, comedications, previous and current psychotropic
treatment were extracted from the medical record. Baseline weight
was considered as the weight prior to the use of the current
psychotropic treatment (i.e. SGA and/or MS). Baseline weight and
those measured during the current psychotropic treatment were
retrospectively obtained from the medical file and were used to
calculate the weight gain. Different lifestyle factors, tobacco
consumption, physical activity defined as any daily sport and/or
walking activity (to go to work, to the bus, climbing stairs, etc.),
for less or more than 1 h were based on the patient declarations.
Self-reported appetite modification (decreased appetite, no change,
increased appetite), baseline weight and weight change after 1, 3,
and 6 months under SGA and MS treatment were obtained directly
from the patient.

Blood samples were collected and samples were sent to the unit
of pharmacogenetics and clinical psychopharmacology and stored
at�20 �C until analysis. Measurements of SGA concentrations were
performed by liquid chromatographyemass spectrometry as
previously described (Albrecht et al., 2004; Choong et al., 2009).
The validated method for risperidone determination allows the
simultaneous dosage of quetiapine and clozapine (data available on
request). Plasma levels of olanzapine were not available for the 31
patients treated with olanzapine, due to its instability after long-
term storage even at �20 �C (Choong et al., 2009; Heller et al.,
2004). 19 patients reported weight gain while 12 patients re-
ported no change of weight following the introduction of olanza-
pine. Because we could not control for compliance, all 31 patients
were excluded from the statistical analysis of drug-induced weight
gain but were included in the epidemiological analysis. Measure-
ment of lithium plasma levels was performed with an ion specific
electrode apparatus (EasyLyte, Medica, Châtel-St-Denis, Switzer-
land). Total cholesterol (CHOLtot), HDL-cholesterol (HDL) and val-
proate plasma levels were quantified by a Cobas Integra 400 (Roche
Diagnostic, Basel, Switzerland).

Body mass index (BMI) was calculated as weight/height2

(kg/m2) and was considered as normal (BMI 18.5 to <25 kg/m2),
overweight (BMI 25 to <30 kg/m2), obese (BMI � 30 kg/m2) and
target levels for CHOLtot and HDL were defined as CHOLtot
�6.2 mmol/L, and HDL as �1.3 mmol/L for women and as
�1.0 mmol/L for men according to the National Cholesterol
Education Program (National Institute of Health, 2002). Dyslipide-
mia criteria were met when CHOLtot levels and/or HDL were
outside the target limits and/or when a lipid lowering agent was
prescribed. As blood samples were taken randomly regardless of
the fasting period, triglycerides were not measured in the present
study.

An 10% increase of baseline weight was considered as an
important weight gain. An arbitrary threshold at 10% of the
minimal therapeutic drug plasma concentration (Baumann et al.,
2004) (i.e. 35, 7, 2 ng/mL, 0.05 mmol/L and 5 mg/L for clozapine,
quetiapine, risperidone þ hydroxy-risperidone, lithium, and val-
proate) was chosen to ensure psychotropic drug intake.

2.3. Statistical analysis

Dose standardization (i.e. z-score transformation to obtain
a mean of 0 and a standard deviation of 1, obtained by the mean
dose subtracted from the raw dose and divided by the standard
deviation of the dose) was carried out for eachmedication and each
inclusion site, which permits using this standardised dose in the
analyses regardless of the medication type. Thus a mean of 0 indi-
cated that the administered dose was equal to the mean dose of the
centre. The weight gain analyses were tested in patients for whom
psychotropic drug intake was ensured.

Non-parametric tests, Pearson’s chi-squared and Fisher exact
tests were used to assess any association between clinical outcomes
in continuous traits (weight gain, CHOLtot levels, HDL levels) and in
categorical traits (BMI categories (BMI < 25, 25e30, �30 kg/m2),
obesity (BMI � 30), important weight gain (>10% of baseline
weight), dyslipidemia, and studied medication with covariables
(gender, age, diagnosis, smoking status, standardised doses, treat-
ment duration, etc.). Moreover, categorised variables, such as
important weight gain, were analysed using logistic regressions by
controlling the model with a specification link test for single-
equation models (linktest command in Stata) (Pregibon, 1979,
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1980; Tukey, 1949). Finally, correlations between continuous traits
were performed using the Spearman correlation test (rs).
Measurements are given as median with the interquartile range
unless otherwise stated.

Because of the complicated evolution trend of weight gain,
a generalized additive mixed-model was used which allows a semi-
parametric flexible trend for weight gain versus time (Wood, 2006).
The test was performed to fit the response variable (i.e. BMI which
was log transformed to obtain parametric data), taking into account
several covariates (age, age at the beginning of the treatment,
gender, standardised dose, current studied medication, come-
dication with a potential impact on weight (concomitant drugs
potentially causing an increase in weight: other SGA, mirtazapine,
clomipramine, mianserine, cetirizine, tibolone; concomitant drugs
potentially causing a decrease in weight: fluoxetine, venlafaxine,
metformin, topiramate (Documed, 2010), treatment durations,
physical activity, smoking behaviour, alteration of appetite
following MS or SGA introduction, and initial BMI). The validity of
the model was assessed by graphical residual diagnostics. The
psychotropic drugs were considered separately or grouped into 3
categories according to their expected effects on weight: clozapine
with olanzapine, risperidone with quetiapine, lithium with val-
proate (Leucht et al., 2009; McIntyre and Konarski, 2005;
Newcomer, 2005; Tschoner et al., 2007) or according to their
therapeutic classes (SGA vs. MS). The medication with the longest
treatment duration was considered as the influential medication in
the analyses while the other drug(s) of interest (clozapine, olan-
zapine, quetiapine, risperidone, lithium, and/or valproate) were
considered as concomitant drugs potentially causing an increase in
weight.

The significance threshold is fixed at p-value of�0.05. Statistical
analyses were performed using Stata 10 (StataCorp, College Station
TX, USA) and using R environment for statistical analysis version
2.11.1 for model-fitting purposes (R Development Core Team, 2010).
Table 1
Patient characteristics data are expressed as number (percentage) of patients or as medi

Characteristics Drugs

Clozapine Olanzapine Quetiapine

n ¼ 28 n ¼ 31 n ¼ 35

Sex, male 13 (46) 20 (65) 19 (54)
Caucasian ethnicity 24 (86) 28 (90) 31 (89)
Smoker 15 (54) 16 (52) 20 (57)
Age, median (range), y 35 (29e44) 41 (33e46) 45 (38e51)
Treatment duration,
median (range), y 4.8 (1.7e7.8) 1.8 (1.1e7.0) 1.1 (0.7e3.7)
Dose, median (range),
mg/daya 300 (200e350) 10 (5e15) 200 (100e400)
[mg/2 weeks]a

Concomitant studied drugb 6 (21) 1 (3) 2 (6)
Cholesterol mmol/L
median (range) 5.3 (4.4e6.1) 5.5 (4.8e6.2) 4.9 (4.4e5.8)
level at riskc 5 (18) 7 (23) 3 (9)
HDL-cholesterol mmol/L
median (range) 1.2 (1.0e1.6) 1.2 (1.1e1.4) 1.3 (1.0e1.5)
level at riskc 9 (32) 9 (29) 9 (26)
BMI kg/m2c

median (range) 28 (24e31) 29 (25e31) 29 (25e32)
<25 10 (36) 9 (29) 8 (23)
25e30 9 (32) 10 (32) 12 (34)
�30 9 (32) 12 (39) 15 (43)
Weight gain>10% during

the present drug treatment
10 (53) 12 (75) 6 (30)

a Lithium is expressed as mmol/day. Risperidone was prescribed in oral form (n ¼ 27, 1
b Number of patients with prescription of more than 1 studied drug (i.e. clozapine, ol
c Total cholesterol �6.2 mmol/L and cholesterol-hdl <1 mmol/l for men and <1.3 mm

normal when <25, overweight when 25e30 and obese when BMI � 30 kg/m2.
3. Results

3.1. Patient characteristics

Among the 200 included patients, 4 were withdrawn (not
completed report form (n ¼ 1), treatment duration shorter than 3
months (n ¼ 1), treatment not taken into account in the protocol
(i.e. amisulpride, n ¼ 2). The whole cohort is composed of 86%
Caucasians, 55% male, with a median age of 40 y (range: 33e47) for
men and 43 y (range: 35e49) for women. The two most common
ICD-10 diagnosis found in the studied population were: mood
affective disorder (ICD-10: F30eF39; n ¼ 89), and schizophrenia,
schizotypal and delusional disorders (F20eF29; n ¼ 87). The other
diagnostics were as followed: F40eF48 (n ¼ 7), F60eF69 (n ¼ 6),
F00eF09 (n ¼ 3), F10eF19 (n ¼ 2), F80eF89 (n ¼ 1), and 1 patient
with an unknown diagnostic. Themedian of current SGA and/or MS
treatment duration was 2.3 years (range: 0.9e5.6). SGA were
prescribed to 69% of the patients and the remaining 31% were
receiving a MS. No significant difference of prescription was found
between genders (p > 0.1). The population characteristics are
summarised in Table 1.

Among the 196 patients, 18% of the patients had a second study
medication and 3% had in total 3 studied drugs. The most frequent
associations were quetiapineelithium (n ¼ 8), risperidoneelithium
(n ¼ 5), and valproateeclozapine (n ¼ 8). Prescription of more than
1 studied drug is higher for MS (48%) than SGA (11%, p< 0.001). The
present cohort had in majority experienced other antipsychotic
drugs since the psychiatric onset before the current medication
(called from hereafter previous treatment): 26% had previously
experienced a MS and 57% a SGA with 4% and 16% of patients
declared having experienced 2 different MS or SGA, respectively. No
previous treatment was recorded for 67 patients. Regarding the
current prescription, patients receiving concomitant drug(s)
potentially altering weight are listed in Table 2 (Documed, 2010).
an (interquartile range).

Risperidone Lithium Valproate All

n ¼ 42 n ¼ 35 n ¼ 25 n ¼ 196

24 (57) 21 (60) 11 (44) 108 (55)
29 (69) 34 (97) 23 (92) 169 (86)
25 (60) 23 (66) 18 (72) 117 (60)
40 (35e47) 44 (34e49) 44 (40e49) 41 (34e48)

1.7 (0.8e4.6) 3.1 (1.0e10.9) 1.7 (0.9e3.7) 2.3 (0.9e5.6)

2 (1e4) 24 (22e30) 1500 (1000e1500)
[38 (37.5e50)]

6 (14) 20 (57) 9 (36) 44 (22)

5.3 (4.6e6.1) 5.5 (4.6e6.3) 4.9 (4.4e6.1) 5.3 (4.5e6.1)
10 (24) 11 (31) 6 (24) 42 (21)

1.2 (1.1e1.5) 1.4 (1.2e1.7) 1.2 (0.9e1.6) 1.3 (1.0e1.6)
12 (29) 4 (11) 10 (40) 53 (27)

27 (24e31) 26 (23e32) 29 (25e32) 28 (24e31)
14 (33) 15 (43) 7 (28) 63 (32)
14 (33) 7 (20) 7 (28) 59 (30)
14 (33) 13 (37) 11 (44) 74 (38)
16 (47) 16 (50) 7 (33) 67 (47)

st row) in mg/day and in injectable form (n ¼ 15, 2nd row in bracket) in mg/2weeks.
anzapine, quetiapine, risperidone, lithium, valproate).
ol/l for women are considered as cardiovascular risk factors, BMI is considered as



Table 2
Comedications potentially altering weight recorded in the patients’medical file. The
number of patients taking a certain comedication is indicated.

Potential weight effect Comedications and number of patients

One comedication potentially
causing an increase of weight

amisulpride n ¼ 10
aripiprazole n ¼ 3
mirtazapine n ¼ 8
clomipramine n ¼ 4
mianserine n ¼ 1
cetirizine n ¼ 1
tibolone n ¼ 1

Two comedications potentially
causing an increase of weight

mirtazapine with amisulpride, n ¼ 1

One comedication potentially
inducing weight loss

fluoxetine n ¼ 3
venlafaxine n ¼ 24
metformin n ¼ 3
topiramate n ¼ 4

Two comedications potentially
inducing weight loss

fluoxetine with topiramate, n ¼ 1

Two comedications potentially
altering weight in an opposing
way

venlafaxine with aripiprazole n ¼ 1
venlafaxine with mirtazapine n ¼ 3
topiramate with mirtazapine n ¼ 1
metformin with amisulpride n ¼ 1

0
20

40
60

Men Women All Men Women All Men Women All

Smoker Obese Overweight

%

Study cohort Swiss cohort 1 Swiss cohort 2 Swiss cohort 3

Fig. 1. Prevalence (%) of smoking, obesity and overweight by gender in the study
cohort of psychiatric patients and in other Swiss general population cohorts. Note that
data for men and women combined in Swiss cohort 3 is not available. Swiss cohort 1
(Chiolero et al., 2008), Swiss cohort 2 (Firmann et al., 2008), Swiss cohort 3 (Office
féderal de la statistique, 2009).
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Finally, some patients were also receiving pharmacological treat-
ments in relation to the metabolic syndrome, with a lipid lowering
agent, antihypertensive, or antidiabetic drugs prescribed to 4%
(4women; 4men), 7% (5 women; 9men) and 6% (7 women; 4men)
of patients, respectively.

3.2. Obesity and dyslipidemia

The median BMI in the whole group is 27.9 kg/m2 (range:
24.2e31.4), which is in line with other European studies with
schizophrenic patients (Bobes et al., 2007) and patients with mood
disorders (McElroy et al., 2002; Salvi et al., 2008; Sicras et al., 2008).
Approximately 30% of patients were overweight (n ¼ 59, 22% of
women and 37% of men) and 38% were obese (n ¼ 74, 32% of
women and 43% of men). As expected, median BMI was higher in
males compared to females (25.8 kg/m2, range: 22.5e31.0 for
women compared to 28.4 kg/m2, range: 25.5e31.6 for men,
p ¼ 0.015) (Schokker et al., 2007) and higher frequencies for
overweight status (37% vs 22%) and for obesity (43% vs 32%), were
found in male than in female patients, respectively (p < 0.001 in
both cases). No significant differences between patients taking MS
and those taking SGA were found regarding obesity on a whole
(p ¼ 0.6) or for patients receiving a single drug (p ¼ 0.8). Although
no control group was included in the present study, we found an
approximately twice higher prevalence of obesity when compared
to several Swiss general population cohorts, with prevalence
between 5 and 14% for women and 11e18% for men of similar or
slightly older age (Fig. 1) (Fondation Suisse de Cardiologie, 2002;
Office fédéral de la statistique-Neuchâtel Suisse, 2009; Chiolero
et al., 2008; Firmann et al., 2008). On the other hand and inter-
estingly, the prevalence of overweight patients in the present
cohort is similar to or slightly lower than the general population
(Fig. 1).

High CHOLtot levels were observed in 21% of the patients (20%
inwomen, 22% inmen), and lowHDL levels were observed in 27% of
patients (30% inwomen, 25% inmen) (Table 1) (National Institute of
Health, 2002). Taking into account that lipid lowering agents were
prescribed to 4% of patients, dyslipidemia (see Materials and
Methods) was observed in up to 47% of patients (43% in women,
57% in men). Finally, 60% of patients were smokers (median
number of cigarettes per day, range: 20, 20e30 cigarettes), which
adds another cardiovascular risk factor.
3.3. Weight gain during treatment

3.3.1. Patients’ self-estimation
Self-reported body weights were evaluated for reliability in the

subset of patients for whom body weights were recorded in the
medical files. Estimated baseline body weight and at different time
points after treatment initiation were thus compared to body
weight found in medical records for 29 patients (mean treatment
duration: 2 years; range: 0.25e14 years). An excellent concordance
was found (rs ¼ 0.97, p < 0.0001) between weight modification
estimated by the patient (median: 6 kg; range: 3e11 kg) and the
one recorded in the medical file (median: 6 kg; range: 1e10 kg).
Moreover, baseline self-reported and recorded body weight were
not found to be significantly different (p ¼ 0.3).

Regarding the patients estimation on the drug being responsible
for their greatest weight gain (during the past and current treat-
ment prescription), 58%, 54%, 43%, 32%, 26% and 21% of patients
receiving olanzapine, clozapine, risperidone, valproate, quetiapine
and lithium, respectively, stated that this drug was the drug which
induced the most severe weight gain.

3.3.2. Weight gain in marginal analyses
Weight modification from drug initiation to inclusion in the

study was available for 157 patients. Among them, 126 had avail-
able blood levels that were above the minimal threshold (see
Materials and Methods) and were subsequently tested for the
weight gain analyses.Wide interindividual variability was found for
weight change (range: �29 kg to þ51 kg, min/max) with a median
treatment duration of 2.5 (range: 0.9e5.6) years. Marginal analyses
with weight gain and several covariables are shown in Table 3.
A trend was found between additional medication on the drug-
induced weight gain with 5 kg (n ¼ 89, range: 1e13) and 9 kg
(n ¼ 37, range: 5e13) in patients receiving one and more than one
drug, respectively (p ¼ 0.054) while the duration of treatment was
not significantly different between these groups (p ¼ 0.3).

Moreover, the weight gain induced by previous treatments
shows a significant negative association with the weight gain
induced by the present treatment (p ¼ 0.03), i.e. patients who had
already experienced a strong weight increase during a previous
treatment tended to gain less weight on their current medication,
than those who experienced a weaker weight gain during



Table 3
Univariate analyses between weight gain and several covariables (n ¼ 126).

Categorial covariables p-values

Male vs female 0.973
Caucasian vs other ethnicities 0.786
Smoker vs non-smoker 0.659
Daily physical activity (more or less than 1H) 0.962
MS vs SGA 0.617
Medication grouped by their expected impact

on weight gain
0.835

One vs more than one studied drug 0.054
Comedications potentially altering weight

(weight loss, no change, weight gain)
0.221

Continuous covariables p-values rs
Treatment duration 0.071 0.16
Baseline age 0.195 �0.12
Current age 0.651 �0.04
Previous weight gain 0.030 * �0.20
Baseline BMI 0.008 * �0.24

rs: spearman correlation.
*: significative results.

E. Choong et al. / Journal of Psychiatric Research 46 (2012) 540e548544
a previous treatment. Similarly, the BMI at the beginning of the
treatment was significantly correlatedwith BMI change (p¼ 0.008).
Finally, using weights recorded in the medical files or those self-
reported, weight increase at 3 (n ¼ 44, 8 recorded, rs ¼ 0.61,
p < 0.0001) and 6 months of treatment (n ¼ 48, 9 recorded,
rs ¼ 0.70, p < 0.0001), but not at 1 month (n ¼ 42, 1 recorded,
p ¼ 0.27) were found to be good predictor for long-term weight
gain (>6 months), p ¼ 0.27). Fig. 2 presents the median weight
gains after 3 months and 6 months, and the weight gain at the time
of inclusion, when grouping the weight gains after 3 months of
treatment into 3 tertiles (low, intermediate and high increases of
weight).

3.3.3. Risks for an important weight gain
An important weight gain (�10% weight increase from the

baseline to the time of inclusion) was found in 47% patients (n¼ 67,
see Table 1). A logistic regression analysis showed that the type of
medication and previous weight gain were significantly associated
with important weight gain in the model, adjusted for age, sex and
treatment duration (pseudo-R2 of 15%). Compared to clozapine or
olanzapine, both the prescription of risperidone or quetiapine
(p ¼ 0.034), and of lithium or valproate (p ¼ 0.008) were found to
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Fig. 2. Weight gains after 3 months, 6 months, and weight gain at the time of inclu-
sion, when grouping the weight gains after 3 months of treatment into 3 tertiles (high,
intermediate and low increases of weight for 3rd, 2nd and 1st tertile, respectively).
Median weight gain and interquartile ranges are shown.
be less likely to induce an important weight gain (odds ratio ¼ 0.29
(CI: 0.09e0.91) and 0.17 (CI: 0.04e0.63), respectively). Moreover,
the past weight gain showed to be a protective factor (odds ratio
0.93 (CI: 0.87e0.98), p ¼ 0.011).

3.4. Appetite modification

More than half of 193 patients reported a change in their feelings
of satiety following the introduction of their current treatment, with
48% having an increase and 5% a decrease of appetite; regardless of
the medication. The weight gain was significantly associated with
the appetite change, with weight change of 10 kg (n ¼ 68, range:
6e18 kg), 4 kg (n ¼ 67, range: 1e9 kg) and �2 kg (n ¼ 5,
range: �20 kg to þ5 kg) for patients experiencing an increase of
appetite, no change in appetite and a decrease of appetite
(p ¼ 0.0001). In the whole group, no difference of self-reported
appetite was found when examining each drug (p ¼ 0.6) or each
class (i.e. SGA vs. MS, p ¼ 0.26) separately. On the other hand,
considering the subgroup of patient with one single drug potentially
linked to weight gain, an increase of self-reported appetite was re-
ported by 50% of patients treated with a SGA (n ¼ 111) compared to
only 21% patients treated with a MS (n ¼ 19, p ¼ 0.025).

3.5. Mixed-model approach

A mixed-model was used to investigate which clinical variables
can influence BMI evolution under treatment. The effect of the
studiedmedication (grouped according to their expected impact on
weight), standardised doses, concomitant drugs potentially causing
an increase in weight, age, gender, appetite change, physical
activity, duration of treatment and the drug plasma level thresholds
corresponding to 10% of the minimal therapeutic level were
considered. The model allowed to take into account the whole
cohort (n ¼ 196). Based on the model, predicted BMIs after 24
months with the current treatment are shown in Table 4 for the
different relevant categorised covariables. A significant association
was found between BMI during treatment and the type of medi-
cation studied, with a significantly lower BMI with lithium or val-
proate (p ¼ 0.005), and risperidone or quetiapine (p ¼ 0.032) as
compared to clozapine or olanzapine (Table 4). Moreover, gender
(p < 0.001), appetite change (p ¼ 0.027), standardised dose
(p < 0.001), and drug plasma level thresholds (p ¼ 0.034) were
found to influence BMI evolution but not physical activity (p¼ 0.22)
and concomitant drugs potentially causing an increase in weight
(p ¼ 0.84, Table 4, bee). Evolution of BMI controlling for age over
treatment duration for each gender regardless of the studied drugs
is shown in Fig. 3 (p ¼ 0.008). Since appetite was self-reported and
Table 4
Predicted BMI after 24 months with the current treatment for relevant covariables
(according to the mixed-model). CI: 95% confidence intervals.

Covariables assessed 24 months of treatment

predicted
BMI

Lower
CI

Upper
CI

a) Clozapine or olanzapine 26.30 25.07 27.53
Quetiapine or risperidone 25.63 24.42 26.83
Lithium or valproate 24.45 23.01 25.89

b) Men 28.09 26.84 29.33
Women 26.30 25.07 27.53

c) Increased appetite 27.27 25.95 28.59
No change or decreased appetite 26.30 25.07 27.53

d) Plasma threshold >10% 26.30 25.07 27.53
plasma threshold <10% 24.49 22.70 26.29

e) Daily physical activity <1H 26.30 25.07 27.53
Daily physical activity >1H 25.59 24.17 27.01
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Fig. 3. Predicted evolution of BMI controlling for age over treatment duration for each
gender regardless of the studied drugs (Top curve: men, bottom curve: women).
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several factors might influence it, we performed the mixed-model
analysis without this factor. Similar results were obtained (data not
shown). Physical activity was significantly associated to BMI when
the standardised dose is not taken into account (p ¼ 0.020). All
positive associations found in the present report for drug-induced
weight gain were independent of the psychiatric diagnostic of the
patients (p > 0.2) or the number of studied drugs (p ¼ 0.6).

4. Discussion

The present results showed a median BMI of 28 kg/m2, corre-
sponding to an overweight status. In this Swiss psychiatric pop-
ulation recruited in a natural setting, a higher prevalence of
CHOLtot levels (21%), dyslipidemia (47%), and smoking habits (60%)
was found compared to a general Swiss population of the same
average age, with obesity and smoking prevalence being about
1.5e2 times more frequent. This confirms the high prevalence of
some cardiovascular risk factors found in other European psychi-
atric populations (Birkenaes et al., 2007; De Hert et al., 2011; De
Hert et al., 2006; Garcia-Portilla et al., 2009; Salvi et al., 2008;
VanWinkel et al., 2008a). Moreover, a strong correlationwas found
between self-reported appetite change and weight gain. Previous
weight gain, baseline BMI, early weight gain (3 months) were all
found to be a good predictor of weight gain in the subgroup of
patients having had these data recorded. To allow the taking into
account of the whole population, an extensive mixed-model anal-
ysis on BMI evolutionwas performed. BMI evolutionwas associated
with gender, type of medication, standardised dose, appetite and
higher blood levels.

Of note, a first relevant clinical point can be addressed. Only, 4%
of the patients received a lipid lowering agent, while 21% of them
had high CHOLtot levels (median CHOLtot: 7.1 (6.6e7.3) mmol/L for
patients above the threshold). According to the cardiovascular risk
management proposed by the European psychiatric, cardiology and
diabetes societies (De Hert et al., 2009), statins may be required to
achieve CHOLtot �5 mmol/L. This underlies the underestimated
risk of somatic diseasemanagement in a psychiatric population and
the usefulness of somatic analyses to detect potential metabolic
complications.
A second relevant clinical point is that patients remain vulner-
able to weight gain during their current treatment (median weight
gain of 6 kg, range: 2e13 kg), although 66% of themwere previously
treated with other SGA (56%) and/or MS (26%).. Interestingly, past
weight gain somehow masked the impact of current treatment as
previous weight gain was negatively correlated with weight gain
induced by the current drug. On the same line, as previously re-
ported (Umbricht et al., 1994; Wetterling and Mussigbrodt, 1999),
a low BMI at the initiation of the current psychiatric treatment was
found to be a risk factor for a stronger subsequent weight gain,-
Another study showed an association between premorbid BMI
(before onset of psychiatric disease) and weight gain (Gebhardt
et al., 2009). This information was not available in this study and
was not assessed. In the present study, both the baseline BMI and
the weight gain at 3 and 6 months of treatment were predictive for
the long-term weight gain. The latter result is in agreement with
reports showing that theweight change is mostly noticeable during
the first year of treatment, the weight often reaching thereafter
a plateau (Allison et al., 2001; Kinon et al., 2001; Wirshing et al.,
1999; Zimmermann et al., 2003).

As mentioned, the mixed-model showed significant association
between BMI evolution and clinical variables, and the predicted
BMI for each significant covariable are reported in Table 4.
Approximately, 2 more units of BMI were found in patient with
clozapine or olanzapine than with lithium or valproate. Similarly,
risk of important weight gain (>10%) adjusted by age, sex and
treatment duration was found to be significantly different between
medication with, in decreasing order of risks, clozapine,
olanzapine > quetiapine, risperidone > lithium, valproate.

The model also showed that the strongest increase of appetite
was constantly and significantly associated with the greatest
weight gain with 1 more BMI unit in those with increased appetite.
Therefore, self-reported increased appetite might be a predictor of
weight gain which could be easily collected by a physician.
Furthermore, patients with SGA were more likely to self-report an
increase of appetite than patients with MS when they had been
prescribed one single drug linked to weight gain, which is in
agreement with previous reports on the effects of SGA on appetite
change (Gebhardt et al., 2007; McIntyre et al., 2001; Theisen et al.,
2003). In addition, patients appear to have a good awareness of
their weights before treatment, as suggested by the strong corre-
lation between self-reported and recorded baseline weight, and
also a good knowledge of the potency of the drugs to induce weight
gain.

The drug action on satiety feeling and the weight gain mecha-
nisms are only partially understood (Stahl, 2008). Several studies
suggest the involvement of hypothalamic receptors involved in the
energy expenditure and satiety pathway, such as the histamine H1
and serotoninergic 5HT2 receptors (Allison et al., 2001; Baptista,
1999; Basson et al., 2001; Chagnon, 2006; Stahl, 2008; Taylor and
McAskill, 2000; Zimmermann et al., 2003). Clozapine and olanza-
pine, as strong antagonists of these receptors, are associated with
the highest weight gain. Interestingly, physical activity is signifi-
cantly and negatively correlated with drug-induced weight gain,
although this association became no more significant when drug
standardised doses were taken into account. To determine whether
physical activity could reduce drug-induced weight gain, we
calculated predicted BMI at 24 months for less or more than 1 h of
daily physical activity (including sport but also softer activities such
as walking). Although our results did not reach significance,
a 0.7 kg/m2 lower predicted BMI value was found for patient
practising more than 1 h of daily physical activity. This is in line
with reports recommending regular exercises as prevention and
treatment of established obesity (Alvarez-Jimenez et al., 2008; De
Hert et al., 2009).
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Several studies found that weight gain is likely to be more
frequent and pronounced in female than in male patients
(Aichhorn et al., 2006; Covell et al., 2004; Homel et al., 2002;
Russell and Mackell, 2001). No explanations can be given for the
sex-difference inweight gain found in the present study, with male
patients having more pronounced side-effects, although another
study also found male gender to be predictive for weight gain
(Basson et al., 2001). The apparent discrepancies on the influence of
gender on BMIs obtained either by the marginal analyses or by the
mixed-model can probably be explained by the fact that marginal
tests are applied on observations from each time point separately
and cannot be done on all observations simultaneously. In addition,
the non-parametric tests used in marginal analyses are usually
conservative and need a higher number of observations to identify
a significant effect while the linear mixed-model is more flexible
and more powerful in detecting differences. It also remains to be
determined whether the heterogeneous drug prescription and/or
the presence of MS drugs could contribute to the present results.

Finally, a positive association between higher blood levels and
weight gain was previously reported for clozapine and olanzapine
although no clear association was found with their daily dose and
with the other atypical antipsychotics (Simon et al., 2009). We used
the mathematical tool “standardisation” to allow comparison
between the different drug doses. Our results suggested a positive
association between BMI and increased standardised dose but this
can, however, not be extrapolated to the daily dose for each specific
treatment.

A strength of the present study is the natural clinical design
involving a general psychiatric out-patient population and allowing
to investigate different factors, such as different types of medica-
tion (especially antipsychotics andmood stabilizers. The limitations
of the study must also be discussed. Firstly, the design of the study,
with a cross-sectional analysis, heterogeneous treatment durations,
and the absence of a control group implies that the different causes
of weight gain could only be hypothesised but not be demonstrated
with certainty. In addition, a median observation period of 2.3 years
as calculated for the patients of the present study is short with
respect to a life-long treatment. The present results are, however,
generally in agreement with previously published studies.
Secondly, weights before the inclusion in the study (i.e. weights at
the beginning of the current treatment) were self-reported for the
majority of the patients. Although a strong correlation was found
between self-reported weights and weights found in the medical
files, demonstrating a good awareness and reliability of patient self-
declaration on their weight, other studies should be performed to
confirm these findings. Thirdly, the patients were recruited in out-
patient psychiatric centres from a single city and the results should
be generalized with caution. Fourthly, the effect of weight gain
could be masked and/or underestimated by previous treatment
impact, years of previous treatment duration, and years of illness as
suggested by our results. Thus, the majority of patients in our
cohort are not drug naive. Some patients might have reached
a weight plateau before initiation of the current studied psycho-
tropic drugs, during which weight gain tends to gradually decel-
erate. Therefore, the impact of medication onweightmight bemore
important thanwhat was shown in the present study. The impact of
previous treatments is also possibly contributing to the strong
weight losses observed in some patients, probably when switching
from a drug inducing a strong increase of weight to another with
a more favourable profile concerning this side-effect. Finally, this
cohort is only constituted of patients wishing to be enrolled in
a study examining the prevalence of weight gain induced by drugs,
which might introduce a bias towards increased reports and
increased frequencies of such side-effects. On the other hand,
patients who had previously presented severe side-effects in
relation to the metabolic syndrome may have been switched to
other drugs less likely to induce metabolic risks and might be
therefore under-represented in this cohort.

In summary, increased mortality observed in psychiatric
patients can be, in part, explained by the high prevalence of
cardiovascular risk factors. Besides psychiatric illnesses and other
environmental and lifestyle factors, prescription of psychotropic
drugs might be an important modulator of cardiovascular risks. To
our knowledge, this is the first study to examine the prevalence of
weight gain and subsequent cardiovascular risk factors in a Swiss
psychiatric population under long-term SGA and/or MS treatment.
Metabolic risk factors in psychiatric populations were investigated
in the US (American Diabetes Association, American Psyhiatric
Association, American Association of Clinical Endocrinologists,
North American Association for the Study of Obesity, 2004;
McEvoy et al., 2005; Stroup et al., 2009) and Europe (Birkenaes
et al., 2007; De Hert et al., 2011; Garcia-Portilla et al., 2009; Salvi
et al., 2008; Van Winkel et al., 2008a) and high prevalence of
metabolic syndrome (18e25%) were reported in psychiatric
populations of other European countries (Birkenaes et al., 2007;
De Hert et al., 2011; Garcia-Portilla et al., 2009; Salvi et al., 2008;
Van Winkel et al., 2008a). This study proposes a snap shot of
a cohort with psychiatric out-patients in Switzerland, withmultiple
treatment histories, taking into account the country’s health care
system, lifestyle, diet habit and aetiology. Given the high preva-
lence of some cardiovascular risk factors in this sensitive pop-
ulation, the importance of adequate somatic care and general
health monitoring should be addressed. Several clinical covariables
were linked to weight gain and BMI evolution. Of note, patients
showed good awareness of their weight which underlies some
treatment adherence issued in regards to weight gain-related side-
effect with all the subsequent possible human, social, and financial
consequences of relapse (Weiden et al., 2004).

5. Conclusion

The present study found several covariables linked to weight
gain as well as high prevalence of cardiovascular risks factors in
a Swiss psychiatric population treated with SGA and/or MS. The
increased frequencies of obesity, dyslipidemia and smoking
behaviour highlight the importance of an adequate somatic care
and general health monitoring in this type of population.
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