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Objective: Weight gain is an important risk factor for morbidity and mortality among patients with schizophrenia. We 
speculated that positive symptoms, related to dopaminergic hyperactivity and altered mesolimbic function, are asso-
ciated with weight gain. 
Methods: Twenty-two antipsychotic-naïve, first-episode patients with schizophrenia were enrolled. The Positive and 
Negative Syndrome Scale was completed at enrollment and follow-up. Body mass index (BMI) was also measured.
Results: The increase in BMI, after 6.04 ± 2.16 years of follow-up, was associated with positive symptoms, but not 
negative symptoms, before treatment with antipsychotics in antipsychotic-naïve patients with schizophrenia. 
Conclusion: This finding implied that dopaminergic hyperactivity could be an important factor to predict the treatment 
outcome. Body weight control is important for the health management of patients with schizophrenia with more severe 
positive symptoms.
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INTRODUCTION

Altered dopaminergic activity of D2 receptors in the 
mesolimbic pathway has been proposed as a neural 
mechanism of positive symptoms, one of the core features 
of schizophrenia [1-3]. D2 receptor occupancy is pre-
dictive of treatment response, and side effects may occur 
[4,5]. 

Weight gain is an important side effect that may be in-
duced by antipsychotic treatment [6,7]. An association 
has been found between treatment response and weight 
gain [8-10]. These findings implied that mesolimbic dop-
amine function may play an important role in weight gain 
among patients with schizophrenia. 

Alternatively, changes in the dopamine system, which 

is critical to the reward pathway function, might explain 
weight gain in schizophrenia [11]. Evidence has shown 
that activity at the dorsal striatum, during reward-related 
tasks at baseline is predictive of weight gain after 6 weeks 
of treatment with amisulpride [12]. 

It is likely that positive symptoms could be related to 
weight gain after antipsychotic treatment. However, evi-
dence is very scarce. Results from The Clinical Antipsy-
chotic Trials of Intervention Effectiveness (CATIE) schizo-
phrenia trial indicated that symptom reduction and the 
Positive and Negative Syndrome Scale (PANSS) total score 
were related to an elevated body mass index (BMI) within 
18 months [13]. Meanwhile, the relationship between 
negative symptoms and body weight is unclear [14]. 

We hypothesized that more severe positive symptoms 
before treatment would be associated with greater weight 
gain after treatment. The associations between negative 
symptoms and weight gain were also probed in this study.

The present study aimed to examine these associations 
in antipsychotic-naïve patients with schizophrenia. 
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Table 1. PANSS scores and BMI at baseline and after treatment 
(paired t test) among 22 patients with schizophrenia

Variable Baseline After treatment
Statistic

t

Positive scale 22.59 ± 6.14 13.18 ± 5.13 7.75**
Negative scale 22.59 ± 9.00 17.27 ± 5.10 3.70**
General scale 42.50 ± 13.90 26.23 ± 8.57 5.88**
Total 87.68 ± 25.43 56.68 ± 17.06 6.58**
GAF 36.27 ± 11.91 60.27 ± 12.43 8.05**
BMI 21.61 ± 3.91 25.74 ± 4.89 4.99**

Values are presented as mean ± standard deviation. Thirteen males 
and 9 females were included, age = 27.60 ± 8.31 years.
PANSS, Positive and Negative Syndrome Scale; BMI, body mass 
index; GAF, Global Assessment of Function.
**p ＜ 0.01.

METHODS

Subjects
The study was conducted in the department of psychia-

try in the medical center at southern Taiwan. The setting 
of the recruitment included the psychiatric inpatient acute 
ward, daycare ward and outpatient department. The re-
search protocol was approved by a local ethical commit-
tee of National Cheng Kung University Hospital (no. 
A-BR-103-017), and written informed consent was ob-
tained from each subject. The inclusion criteria were:

1. Patients must fulfill the Diagnostic and Statistical 
Manual of Mental Disorders, Fourth Edition (DSM-IV) cri-
teria, and were diagnosed and interviewed by experi-
enced psychiatrists who have been practicing for more 
than 5 years.

2. Aged between 18 and 65 years.
3. No physical illness with stable vital signs and no evi-

dence of substance abuse/dependence as assessed during 
the clinical interview with the research psychiatrist at the 
time of enrollment.

4. Never received any antipsychotic or antidepressant 
treatment and was free of any psychotropic medication at 
the time of testing.

5. The patient or their legal caregiver had signed an in-
formed consent document, indicating that they under-
stood the purpose and procedures of the study.

Patients with other co-morbid psychiatric illnesses, sub-
stance abuse/dependence, neurological illnesses, mental re-
tardation, at risk of suicide/harming, pregnant (or suspected 
to be), or not suitable to enter this study were excluded.

Twenty-two antipsychotic-naïve, first-episode patients 
with schizophrenia (13 males, 9 females, age = 27.60 ± 
8.31 years) were included. The mean duration of illness 
was 4.81 ± 6.64 years. The participants overlapped with 
those included in our previous studies [15,16]. The aver-
age length of follow-up was 6.04 ± 2.16 years.

Measures
BMI was calculated The PANSS (score range 30−210 

from least to most symptomatic) [17] was used to measure 
positive and negative symptoms. These measures were 
conducted before treatment, and at the follow-up visit.

Statistics
Correlation analysis was used test the hypothesis and 

examine the associations between BMI and symptoms. 
Multiple regression analyses were used to assess the asso-
ciations with increased BMI as outcome variables and 
positive symptoms at baseline as predicting variables, af-
ter controlling the potential confounders, duration of ill-
ness and length of follow-up, as well as sex and age, in a 
series of adjusted models. We also conducted this analy-
sis with antipsychotic dose (CPZ-equivalent dose) as 
confounder. However, the sample size with reliable dos-
age data is small (n = 17). A set of generalized linear mod-
el were used as supplemental analysis. Statistical sig-
nificance was established at p ＜ 0.05. SPSS version 17 
(SPSS Inc., Chicago, IL, USA) was used for all analyses.

RESULTS

Symptoms and BMI Before and After Treatment
The positive and negative symptoms improved and BMI 

increased after treatment, as shown in Table 1. BMI was 
not associated with positive symptoms (baseline: r = −0.23, 
p = 0.30; follow-up: r = 0.28, p = 0.21) or negative symp-
toms (baseline: r = 0.25, p = 0.25; follow-up: r = 0.13, p = 
0.56) at baseline or follow-up. In addition, no significant 
associations were found between the increase in BMI and 
improvement of positive (r = 0.28, p = 0.21) or negative 
symptoms (r = 0.36, p = 0.10). 

The Hypothesis Testing
The increase in BMI was calculated (BMI at follow-up−

BMI at baseline). This increase was associated with the 
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Fig. 1. Increase in BMI was associated with the PANSS positive scale score (r = 0.52, p ＜ 0.05) but not the PANSS negative scale score (r = 0.05, 
not significant). 
BMI, body mass index; PANSS, Positive and Negative Syndrome Scale.

positive subscale score at baseline (r = 0.52, p ＜ 0.05), 
but not with the negative subscale score at baseline (r = 
0.09, not significant [N.S.]), as shown in Figure 1. No asso-
ciations were found between BMI and positive and neg-
ative symptoms at follow-up. A generalized linear model 
analysis confirmed that the BMI at follow-up is both re-
lated baseline BMI (B = 0.04, SE = 0.01, Wald 2 = 16.07, 
p ＜ 0.001), and positive subscale (B = 0.014, SE = 0.006, 
Wald 2 = 4.22, p = 0.04).

Sensitivity Analysis with Potential Confounders
A generalized linear model analysis confirmed that the 

BMI at follow-up is related with positive subscale score at 
baseline robustly (B = 0.14, SE = 0.005, Wald 2 = 7.82, p ＜ 
0.01) , after controlling the effects of BMI at baseline (B = 
0.04, SE = 0.01, Wald 2 = 14.63, p ＜ 0.01), age (B = −
0.004, SE = 0.005, Wald 2 = 0.60, N.S.), sex (B = −0.04, SE = 
0.06, Wald 2 = 0.32, N.S.), duration of illness (B = −0.004, 
SE = 0.005, Wald 2 = 0.51, N.S.), and length of follow-up 
(B = 0.04, SE = 0.02, Wald 2 = 5.54, p ＜ 0.05).

We also analysis the dose of anti-psychotic as a con-
founder in the sample with reliable data (n = 17) with gen-
eralized linear model. The association between positive 
scale is significant (B = 0.01, SE = 0.05, Wald 2 = 4.52, p ＜ 
0.05), after including the effect of CPZ equivalent dose (B = 
0.000, SE = 0.0001, Wald 2 = 1.77, N.S.), BMI (B = 0.03, 
SE = 0.01, Wald 2 = 14.34, p ＜ 0.01) at baseline and du-
ration of illness (B = 0.04, SE = 0.02, Wald 2 = 4.68, p = 
0.03). The correlation analysis indicated that CPZ equiv-
alent dose is not related with positive (r = 0.33, p = 0.20) 

nor negative (r = −0.14, N.S.) score.

DISCUSSION

Robust positive associations between positive symp-
toms at the antipsychotic-naïve stage before treatment 
and the increase in BMI after long-term treatment were 
observed in patients with schizophrenia. To the best of 
our knowledge, our findings were novel in terms of the 
long-term follow-up study design in an antipsychotic-naïve 
cohort [13]. As the time taken to reach a plateau of weight 
gain can be up to several months, and weight gain may 
continue for a few years [18,19], the design of our study 
may help to clarify the role of symptoms before treatment 
in long-term prognosis.

It has been proposed that schizophrenia can be classi-
fied into two distinct subtypes, hyperdopaminergic (type 
A) and normodopaminergic (type B) [3]. Considering ini-
tial positive symptoms as a manifestation of hyper-
dopaminergic activity (especially the D2 receptor) [1], and 
taking elevated BMI as a marker of treatment response 
[8-10], the observed association between most severe ini-
tial positive symptoms and BMI increase over time im-
plied a link of initial hyperdopaminergia with a better 
treatment response. Our findings were in agreement with 
the fact that dopamine tone before treatment is predictive 
of prognosis after antipsychotic treatment [16]. Our find-
ings could be evidence in support of a role of dop-
aminergic activity in subtyping of schizophrenia [3,16]. 
Also, the direction of the association between the increase 
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in BMI and improvement of positive symptoms (r = 0.28, p 
= 0.21) was in agreement with previous findings [8]. 

Positive symptoms are related to mesolimbic pathway 
dysfunction, which is an important mechanism in addic-
tion [20,21]. Recently, the role of this mechanism was 
noted as one explanation for weight gain in schizo-
phrenia, as the biological basis for this problematic phe-
nomenon is as yet unclear [11,12]. Although our finding 
did not confirm the role of negative symptoms and BMI, it 
is worth to note that recent study elucidated that negative 
symptoms (anhedonia and asociality) is related with high-
er BMI among patients received olanzapine- or cloza-
pine-treatment [22]. The association between BMI 
change, and different domains of negative symptoms, re-
mains to be probed.

Several limitations should be noted. First, the study was 
naturalistic, and hence the treatment and length of fol-
low-up varied between patients. Second, the sample size 
was small and lack of statistical power. Also, the power to 
confirm association between CPZ dosage and BMI, could 
be limited due to type II error, caused by small sample 
size. Third, the dopaminergic function of the patients is 
not controlled. Fourth, although we employed several po-
tential confounders in sensitivity to testing the robustness 
of our finding. These variables are not comprehensive. 
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