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Background: Olanzapine and clozapine are atypical antipsychotics (AAPs) with the greatest risk of weight
gain, and changes in feeding behavior are among the most important underlying mechanisms. However,
few studies have investigated the role of diet-alone interventions in improving individuals’ weight gain by
taking AAPs. In closed management mental hospitals of China, family members are allowed to bring food to
patients regularly, causing patients to have caloric intake added to their 3 daily meals. However, during the
global pandemic of coronavirus disease 2019 (COVID-19), bringing food to the hospital was temporarily
prohibited in mental health institutions in China to prevent the spread of the virus. This study sought to
compare the body weight and body mass index (BMI) changes of patients taking olanzapine or clozapine
undergoing diet-alone interventions caused by this prohibition.

Methods: A retrospective self-controlled study was conducted on 90 patients with schizophrenia from
a single-center treated with olanzapine or clozapine monotherapy, or combined with aripiprazole or
ziprasidone which has a small metabolic impact. A paired-samples #-test was used to compare the changes in
body weight and BMI before and after the 3-month prohibition, and general linear regression was used to
analyze the effects of gender, age, disease course, duration of drug exposure, and equivalent dose on the BMI
improvement. Also, the percentage of people who lost weight and that of individuals who lost 5% of their
pre-prohibition body weight were calculated.

Results: Paired-samples 7-test showed that after 3-month prohibition, the patients’ body weight (71.68+6.83
vs. 66.91£7.03, P<0.001) and BMI (26.432.11 vs. 24.63£1.81, P<0.001) decreased significantly. Weight loss
rate accounted for 99.1%, and weight loss of 5% from the pre-prohibition body weight accounted for 71.8%.
General linear regression showed that the duration of drug exposure (B =-0.678, P<0.001) was significantly
and negatively correlated with the BMI changes. No significant correlation of gender, age, disease course, or
equivalent dose with BMI changes was found.

Conclusions: Dict-alone interventions facilitate weight loss in chronically hospitalized schizophrenia
patients taking AAPs. Conduction of dietary intervention in the early stages of medication may yield greater
benefits.
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Introduction

Atypical antipsychotics (AAPs) have become first-line
medications for the treatment of schizophrenia due to their
superior overall efficacy and tolerability compared with
conventional antipsychotics. Unfortunately, AAPs clinical
utility is limited by the development of body weight gain
in some individuals, contributing to the higher risk of type
2 diabetes and cardiovascular disease in schizophrenic
people (1). Weight gain also increases the risk of recurrence
because it is a significant detriment to medication
compliance. It was reported that patients who are obese
are 13 times more likely to discontinue medication than
nonobese individuals (2). Randomized clinical trials have
indicated that weight gain liability varies significantly across
the range of AAPs. Clozapine and olanzapine medications
are associated with the greatest risk of clinically significant
weight gain, with other agents producing relatively lower
risk levels. Risperidone and quetiapine generally show low
to moderate levels of mean weight gain. Ziprasidone and
aripiprazole treatment are generally associated with minimal
mean weight gain (1).

The underlying mechanism of AAP-induced weight gain
is far from elucidated and may involve changes in feeding
behavior, reduced energy expenditure, and directly influence
pathways of metabolic processes (3). Lifestyle interventions
that include dietary changes, calorie restriction, and
increased physical activity generally prove to be effective in
losing weight (4). Weight gain in pair-fed olanzapine mice
was similar to that in control mice when olanzapine-fed
mice were restricted to the same amount of food consumed
by those fed the control diet (5). However, few studies have
explored whether diet-alone interventions could reduce the
weight of individuals taking AAPs.

For long-term hospitalized patients in closed wards, food
brought in by visitors is almost the only source of extra
calories added to their 3 daily meals. However, during the
global pandemic of coronavirus disease 2019 (COVID-19),
bringing food into the hospital was temporarily prohibited
in most mental health institutions of China to reduce
infection risk. Against this background, a retrospective
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self-controlled study was conducted on 90 schizophrenic
patients from 1 center who were treated with olanzapine or
clozapine. Body weight and body mass index (BMI) before
and after a 3-month prohibition was compared to examine
whether diet-alone interventions could be beneficial
for weight loss. This study was expected to evaluate the
importance of dietary factors in AAP-induced weight gain
and provide useful ideas for its clinical management.

Methods
Ethics approval and consent

The study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The study was approved by
the Ethics Committee of Shanghai Pudong New Area Mental
Health Center, Tongji University School of Medicine. All

participants provided an informed consent agreement.

Participants

The raw data that support the findings from this study are
available from the corresponding author upon reasonable
request. This retrospective study included a series of
weight data from schizophrenic patients who underwent
olanzapine or clozapine medication in Shanghai Pudong
New Area Mental Health Center, Tongji University
School of Medicine. The inclusion criteria were as
follows: (I) available data of patients hospitalized from
January 27, 2020 to April 27, 2020, which was when the
hospital prohibited visitors from bringing food into the
psychiatric ward during the COVID-19 pandemic. (II)
Meet the International Statistical Classification of Diseases
and Related Health Problems, Tenth Revision (ICD10),
criteria for schizophrenia. (III) Treated with olanzapine or
clozapine monotherapy, or combined with aripiprazole or
ziprasidone, which has a relatively small metabolic impact,
and the antipsychotic treatment regimen had not been
changed in the past 3 months. (IV) Meet Chinese standards
for overweight (24.0-27.9 kg/m”) or obesity (>28.0 kg/m’).
(V) Patients with substance abuse, postmenopausal women
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using hormone replacement therapy, smoking, and patients
using weight-loss agents or lipid-lowering agents were
excluded. (VI) Patients with diabetes, hyperthyroidism, and
cardiovascular disease were excluded. The enrolled patients
had no serious diseases of the heart, liver, kidney, digestive
tract, or other major organs.

Study design and variables

A retrospective self-controlled study was conducted. The
change (before prohibition vs. after prohibition) in BMI
and body weight was set as the main outcome variable.
The percentage of individuals who lost weight and the
percentage of individuals who lost 5% (this percentage
of weight loss is considered to reduce cardiovascular risk
significantly) of their pre-prohibition body weight was also
investigated. The correlation between BMI change and age,
gender, course of the disease, equivalent dose, and drug
exposure duration was analyzed. The dose of olanzapine or
clozapine was converted into an equivalent dose according
to the defined daily dose method (DDD method), with 1mg

olanzapine being equivalent to 30mg clozapine (6).

Statistical analysis

All statistical analyses were performed using SPSS software
version 20.0 (IBM-SPSS, Chicago, IL, USA). A Paired-
sample t test was used to assess the significance of the
changes in body weight and BMI. General linear regression
analysis was performed to determine the associations
between changes of BMI and other factors, including
gender, age, disease course, equivalent dose, and duration of
drug exposure. Normally distributed quantitative data were
expressed as mean + standard deviation (SD). Abnormally
distributed quantitative data were expressed as [median
(interquartile range)]. Qualitative data were expressed as
frequency and percentage. Values of P<0.05 were considered
statistically significant. The percentage of individuals who
lost weight and the percentage of those who lost 5% of
their pre-prohibition body weight were calculated using
Excel software (https://office.microsoft.com/excel).

Results
Clinical characteristics

A total of 90 patients were included in the study, including
39 males and 51 females. The median age of the population
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was 44 years. The median disease course of the population
was 13 years. The median duration of drug exposure was
7.5 years. Olanzapine was taken as the main medication
by 67 participants (74.44%); among them, 52 were treated
with olanzapine alone, 8 were treated with olanzapine and
aripiprazole and 1 patient was treated with olanzapine and
ziprasidone. A total of 23 patients (25.56%) took clozapine
as the main medication, including 19 treated with clozapine
alone, 3 with clozapine and aripiprazole, and 1 with
clozapine and ziprasidone. After converting clozapine into
an equivalent dose of olanzapine, the median equivalent
dose of this population was 15 mg. A total of 73 cases
were overweight (81.11%), and 17 participants reached
the standards of obesity (18.89%). The mean weight of
this population was 71.68+6.83 kg, and the median BMI
was 25.91 kg/m’. Participant baseline characteristics are
summarized in Table 1.

Changes in body weight and BMI before and after the
probibition and correlation analysis

Paired-sample #-test showed that after 3-month prohibition,
the participants’ body weight (71.68+6.83 vs. 66.91+7.03,
P<0.001) and BMI (26.43+2.11 vs. 24.63+1.81, P<0.001)
decreased significantly (7able 2). Weight loss rate accounted
for 99.1%, and 5% weight loss of the pre-prohibition body
weight accounted for 71.8%. General linear regression
showed that the duration of drug exposure (p =-0.678,
P<0.001) was significantly and negatively correlated with
the BMI changes. There was no significant correlation
found between gender, age, disease course, equivalent dose

and BMI changes (1able 3).

Discussion

Diet is a major and modifiable cause of cardiovascular
disease, as a poor diet may be strongly linked to insulin
resistance, dyslipidemia and hypertension (7). Only 1
study has explored diet-alone interventions instead of
comprehensive interventions on the effect of weight change
in short-term acute care psychiatric patients receiving
AAPs, which is effective for patients taking olanzapine (8).
However, whether diet-alone interventions could
reduce the weight of chronic closed ward hospitalized
schizophrenia patients who take AAPs has not yet been
reported. Compared to outpatients or acute patients,
metabolic studies conducted among chronically hospitalized
populations may have fewer confounding factors, which has
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Table 1 Descriptive statistics

5013

Index

Outcome (N=90)

Gender (male/female)
Age [median (interquartile range)] (years)
AAPs
Olanzapine [n (%))
Clozapine [n (%)]
Disease course [median (interquartile range)] (years)
Equivalent dose [median (interquartile range)] (mg)
Duration of drug exposure [median (interquartile range)] (years)
Pre-BMI [median (interquartile range)] (kg/m?)
Overweight [n (%)]
Obesity [n (%)]
Pre-weight [mean (SD)] (kg)

39/51
44.00 (33.00-50.50)

67 (74.44)
23 (25.56)

13 [8-17]
15.00 (10.00-20.00)
7.5 [4-9]
25.91 (24.80-27.24)
73 (81.11)

17 (18.89)
71.68 (6.83)

AAPs, atypical antipsychotics; Pre-BMI, pre-prohibition body mass index; Pre-weight, pre-prohibition body weight.

Table 2 Changes in body weight and BMI before and after the
prohibition (N=90)

Body weight (kg) BIM (kg/m?)
Pre-prohibition (mean +SD) 71.68+6.83 26.43+2.11
Post-prohibition (mean +SD) 66.91+£7.03 24.63+1.81
t 18.25 16.81
P <0.001 <0.001

BMI, body mass index

been reflected in greater consistency in their activity levels
and dietary structure delivered by shared living space.

A before-after study was applied to retrospectively
explore the body weight and BMI of chronic schizophrenia
patients taking olanzapine or clozapine after a 3-month
prohibition of bringing food into the psychiatric ward to
minimize transmission of COVID-19. After 3 months
of restricting any caloric intake in addition to their 3
daily meals, the body weight and BMI of these patients
improved significantly, suggesting that increased caloric
intake plays an important role in weight gain associated
with olanzapine or clozapine, and dietary intervention is
a powerful approach of weight management. A weight
loss of 5% is considered clinically important for health,
especially in reducing the risk of cardiovascular diseases (9).
In our study, up to 71.8% of participants lost 5% of their
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pre-prohibition body weight, suggesting that diet-alone
interventions may have cardiovascular benefits for most
patients participating in the study. However, this seems
to be higher than other studies’ conclusions, including
STRIDE that lifestyle interventions showed clinically
significant weight loss of >5% of initial body weight among
40% of participants (10). We speculate that the reason for
our more promising results may be that all of our included
participants were taking olanzapine or clozapine, rather
than other AAPs, which are considered to have the most
serious effects on increased food intake (11), leading to a
more significant effect of calorie restriction on weight gain,
as suggested by the results of Jacobowitz ez al. (8).

We explored the factors that may affect weight loss
brought by this “passive” diet intervention, including
gender, age, disease course, equivalent dose, and
drug exposure duration. Our data suggested that
improvement in weight is negatively correlated with
the duration of drug exposure. Although there are few
studies on the correlation between the effects of lifestyle
intervention and the duration of AAP exposure, it has
been suggested that metabolic syndrome is associated
with a longer duration of psychiatric treatment (12).
Moreover, in the early stage of using olanzapine, the
increase of appetite is more obvious, weight gain is more
rapider, and the early increase of appetite predicts a long-
term weight gain (13). The only randomized controlled
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Table 3 General linear regression analysis of age, gender, and other factors associated with changes of BMI

Index Unstandardized B Coefficients Std. error Standardized coefficients f t Sig.
(Constant) 0.541 1.446 0.374 0.71
Gender -0.189 0.193 -0.093 -0.979 0.33
Age 0.019 0.01 0.175 1.994 0.05
Disease course 0.003 0.011 0.017 0.223 0.82
Equivalent dose 0.02 0.016 0.103 1.254 0.21
Duration of drug exposure -0.185 0.024 -0.678 -7.618 <0.001

BMI, body mass index

trial (RCT) that evaluated an early intervention in young
patients with recent-onset psychosis showed a significantly
attenuated weight gain (14). Therefore, metabolic benefits
may be greater if calorie restriction are carried out
from when the antipsychotic treatment is initiated. The
treatment response of schizophrenia in the initial stage
of drug treatment is better, and it is more important for
determining the prognosis of the disease. Subsequently,
early weight-management interventions have the potential
to be more cost-efficient and beneficial. We did not find
a significant correlation between gender, age, course of
disease, or equivalent dose with weight improvement,
which is consistent with previous studies’ conclusions that
the effects of these factors on weight improvement brought
by life-style interventions are not yet clear (8,15).

"This research may suggest that early dietary intervention
is very important for patients taking AAPs who are at
risk of causing weight gain. However, for outpatients, the
implementation of dietary interventions is undoubtedly
full of challenges. Because of negative symptoms such as
amotivation and apathy, lifestyle interventions, including
diet control among schizophrenic individuals, often require
increased social resources and higher economic costs to
improve participation and adherence (16). Moreover,
changes in feeding behaviors caused by AAPs may involve
changes in satiety perception, increases in appetite and
food intake, and poor dietary choices, increasing the
difficulty of dietary intervention (3). Therefore, finding
the pharmacological targets by exploring the mechanisms
underlying the feeding behavior changes and developing
safe drugs may be the fundamental way to solve AAP-
induced weight gain.

Conclusions

Diet-alone interventions may be efficient in reducing
AAP-associated weight gain in chronically hospitalized
schizophrenia patients. The effect of dietary interventions
is negatively correlated with the duration of drug exposure,
suggesting that conducting dietary interventions from the
time of antipsychotic treatment initiation may have the
potential to be more beneficial.

Limitations

Firstly, given this research is a retrospective study, the
participants’ daily calorie intake was not quantified, even
if all patients received uniform meals from the hospital.
Secondly, this study lacks the data of baseline weight of
patients before initiating the use of AAPs. Thirdly, the
participants’ psychiatric symptoms and daily activity level
have not been quantitatively assessed. Therefore, further
studies and long-term follow-up are warranted in the future.
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