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Abstract
Objective The present study aimed to examine the changes in
pro-inflammatory cytokines and body weight during 6-month
risperidone treatment in drug naïve, first-episode
schizophrenia.
Methods Sixty-two drug naïve, first-episode schizophrenia
(SZ group) and 60 healthy individuals (control group) were
enrolled in the study. Serum interleukin-1β (IL-1β),
interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α) levels,
and body weight were measured at baseline for both groups,
and repeated for the SZ group at five different time points
during 6-month risperidone treatment.
Results At baseline, serum IL-1β, IL-6, and TNF-α levels in
the SZ group (53.28±12.62, 33.98±14.13, 50.08±12.86 pg/
mL, respectively) were significantly higher than those in the
control group (23.49±15.27, 15.53±7.16, 32.12±15.23 pg/

mL, respectively) (p 's<0.001). Within the SZ group, serum
IL-1β levels decreased significantly at 2 weeks (48.02±
16.00 pg/mL, p <0.01) and 1 month (44.70±16.63 pg/mL,
p <0.001), but then gradually increased at 2 months (48.49±
18.87 pg/mL), 3 months (50.59±18.48 pg/mL) and 6 months
(53.64±16.22 pg/mL) to the levels comparable to baseline;
serum IL-6 levels changed significantly over the course of
treatment (p =0.001), but reached the levels comparable to
baseline at 6 months (37.13±13.23 pg/mL); serum levels of
TNF-α increased significantly at 3months (55.02±16.69 pg/mL,
p<0.01) and 6 months (58.69±13.57 pg/mL, p<0.001); steady
and significant weight gain was observed at each follow-up time
point (p 's<0.001), from 56.71±9.25 kg at baseline to 62.72±
9.53 kg at 6 months.
Conclusions Risperidone treatment is associated with chang-
es in serum pro-inflammatory cytokines levels and weight.
There is an initial anti-inflammatory effect that reduces with
treatment, potentially due to its weight gain side effect.
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Introduction

Over the past several decades, studies have suggested that
activation of the inflammatory response system mediated by
cytokines may play a key role in the pathogenesis of schizo-
phrenia (Fan et al. 2007; Song et al. 2009). Abnormal levels of
cytokine have been found in both the peripheral blood and the
cerebrospinal fluid of schizophrenia patients (Garver et al.
2003; Potvin et al. 2008), and in their relatives (Martinez-Gras
et al. 2012; Nunes et al. 2006). Studies in schizophrenia
patients have tried to identify specific inflammatory markers
relating to the disorder but with conflicting findings (Fan et al.

Xueqin Song and Xiaoduo Fan share co-first authorship.

X. Song (*) :X. Li :W. Zhang : J. Gao
The First Affiliated Hospital/Zhengzhou University, Zhengzhou,
China 450052
e-mail: sxqzhll@126.com

X. Song : L. Lv
Henan Province Biological Psychiatry Key Laboratory, Xinxiang
Medical University, Xinxiang, China

X. Song :X. Fan :A. Harrington :D. Ziedonis
Psychotic Disorders Program, UMass Memorial Medical Center/
University of Massachusetts Medical School, Worcester, MA, USA

J. Zhao
The Mental Health Institute of the Second Xiangya Hospital,
Central South University, Changsha, Hunan, China

L. Lv (*)
Henan Province Mental Hospital, The Second Affiliated Hospital/
Xinxiang Medical University, Xinxiang, China 453003
e-mail: lvluxian@126.com

Psychopharmacology (2014) 231:319–325
DOI 10.1007/s00213-013-3382-4



2007). For example, both Naudin et al. (Naudin et al. 1997)
and Lin et al. (Lin et al. 1998) found that, compared with
normal controls, patients with chronic schizophrenia had sig-
nificantly higher serum levels of TNF-α and IL-6. However,
in a separate study by Schattner et al. (Schattner et al. 1996),
no difference of TNF-α levels was found between schizophre-
nia patients and normal controls. In a study with 10
neuroleptic-free schizophrenia patients and 10 healthy sub-
jects matched for sex and age, levels of cerebrospinal fluid
(CSF) pro-inflammatory interleukin 2 (IL-2) were found to be
higher in the patient group (Licinio et al. 1993). But two other
research groups were unable to repeat this finding (el-Mallakh
et al. 1993; Rapaport et al. 1997). Inconsistent results in the
literature might be explained by the heterogeneity of schizo-
phrenia, the differences in illness state (acute versus chronic)
(Miller et al. 2011), age and disease duration(Fawzi et al.
2011), the effect of antipsychotic medication (Davey et al.
2012; Myint et al. 2011; Schattner et al. 1996), cigarette
smoking (Miller et al. 2011), and comorbid obesity, which is
associated with an increased production of pro-inflammatory
cytokines and sub-clinical inflammation (Fawzi et al. 2011;
Hotamisligil 2006; Odegaard and Chawla 2013; Tateya et al.
2013). Metabolic problems including obesity are commonly
seen in patients with schizophrenia; one major contributing
factor for these metabolic problems is the use of antipsychotic
medications (Amrami-Weizman et al. 2013; Fan et al. 2013;
Jassim et al. 2012; Ou et al. 2013).

Addressing possible confounding factors mentioned
above, the present study was to characterize the changes in
pro-inflammatory cytokines and weight gain during 6-month
resperidone treatment in drug naïve, first-episode schizophre-
nia patients with normal weight.

Methods

Subjects

All subjects provided written informed consent to participate
in the study, which was approved by the Ethics Committee of
the First Affiliated Hospital of Zhengzhou University. Inpa-
tients 18 and 45 years old diagnosed with first-episode schizo-
phrenia (disease duration less than 2 years) were recruited.
Patients were diagnosed with first-episode schizophrenia ac-
cording to the criteria of Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition (DSM-IV) (Runeson and
Rich 1994) and were never previously treated with antipsy-
chotic medications or other psychotropics. The diagnosis of
schizophrenia was further determined by a research psychia-
trist (X.S.) using the Structured Clinical Interview for DSM-
IV Axis I Disorders. Exclusion criteria included ongoing
infections or allergies, history of alcohol or other substance
use, autoimmune disorders, pregnancy, known medical

conditions that might affect metabolism, history of diabetes
or lipid disorder, use of anti-diabetic or lipid-lowering agents,
or special diets to lower glucose or lipid levels, and use of
immunosuppressive agents. Further, those patients who were
overweight or obese were excluded from the study (Body
Mass Index (BMI)≥24 kg/m2) (Chen et al. 2004). A complete
medical history was obtained from all subjects. All subjects
were treated in the same hospital and underwent daily physical
examination and weekly routine laboratory tests.

After baseline assessment, all patients were treated with
risperidone in the dose range from 2 to 6 mg per day based on
the clinical judgment of treating psychiatrists. No other med-
ication was allowed during the study except benzodiazepines
for insomnia and anticholinergic agents for dystonia reaction.

Healthy control subjects with normal weight were recruited
through advertisement. A complete medical history, physical
examination, and routine laboratory tests were obtained from
all subjects to rule out possible medical conditions. None of
them had a history of any psychiatric conditions, or history of
alcohol or substance use.

Measures

Symptoms of schizophrenia were assessed for all patient
subjects using the Positive and Negative Syndrome Scale
(PANSS). The PANSS was administered by the same rater
(X.S.) throughout the study. Weight (kg) and height (m) were
measured, and BMI was calculated for all subjects.

Venous blood (5 mL) was collected between 7:00 and
8:00 AM to avoid circadian fluctuation of the parameters to
be measured. The blood was put into a glass tube and allowed
to clot at room temperature. Serum was obtained through
centrifugation at 3000 rpm for 10 min, and was then divided
into three Eppendorf tubes, and stored at −70 °C for cytokine
assay.

Serum levels of IL-1β, IL-6, and TNF-αwere measured by
enzyme-linked immunosorbent assay (ELISA) (R&D Sys-
tems, USA). The assays were performed according to the
manufacturer's instructions. The sensitivities of IL-1β, IL-6,
and TNF-α were 1.0, 0.7, and 1.6 pg/mL, with inter-assay
variation coefficients of 5.6, 4.5, and 5.8 %, respectively, and
intra-assay variation coefficients of 4.8, 2.6, and 4.6 %, re-
spectively. Standard curve concentrations were calculated in
triplicate for each plate. Absorbencies were measured by a
microtiter plate reader (absorbency at 492 nm). All assays
were carried out at the same time and were conducted blinded
to the subjects' group status.

Statistical analysis

The data were analyzed using SPSS 20.0 for Windows (SPSS
Inc., Chicago, IL). Group comparison was performed using an
independent t test. Chi-square test was used for categorical
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variables. Measures on cytokines and body weight during
6 months of risperidone treatment within the schizophrenia
group were analyzed using repeated measures analysis of
variance (ANOVA). Post hoc multiple comparisons (five
follow-up time points versus baseline) were performed if the
repeated measures ANOVAwas significant. A p value <0.05
was considered significant. The Bonferroni correction for the
significance threshold (p =0.05/5=0.01) was used in multiple
comparisons. Further, stepwise logistic regression model was
used to examine the relative predictive value of baseline serum
levels of cytokines for the risk of weight gain at 6 months of
risperidone treatment.

Results

Sixty-two first-episode, drug naïve schizophrenia patients
with normal weight (SZ group) and 60 healthy controls with
normal weight (control group) were enrolled in the study.
There were no significant differences in age, gender, educa-
tion, smoking status, body weight, and BMI between the two
groups (p 's>0.100, Table 1). Serum levels of IL-1β, IL-6, and
TNF-α in the SZ group were significantly higher than those in
the control group (p 's<0.001, Table 2).

Within the SZ group, a repeated measures ANOVAwith a
Greehouse-Geisser correction determined that serum levels of
IL-1β, IL-6, TNF-α, and body weight changed significantly
during 6-month risperidone treatment (p 's<0.001 for IL-1β,
TNF-α, and body weight, p =0.001 for IL-6, Table 3). Post
hoc tests revealed that serum levels of IL-1β decreased

significantly at 2 weeks (p <0.01) and 1 month (p <0.001),
but then gradually increased at 2, 3, and 6 months to the levels
comparable to baseline. Serum levels of IL-6 decreased at 1
and 2 months compared with baseline (p 's<0.05) but
did not reach significance threshold (p <0.01) after the
Bonferroni correction; serum levels of IL-6 then in-
creased at 3 and 6 months to the levels comparable to
baseline. Serum levels of TNF-α increased significantly
at 3 months (p <0.01), and 6 months (p <0.001) com-
pared with the levels at baseline. Steady and significant
weight gain was observed at each follow-up time point
(p 's<0.001) (Figs. 1 and 2).

SZ patients were divided into weight gain (WG) and non-
weight gain (non-WG) groups using 7 % weight gain at
6 months as a cutoff value (Bushe et al. 2013; Kemp et al.
2013). At 6 months, the WG group (N =49) had significantly
higher levels of IL-1β (p =0.001), IL-6 (p =0.017), and
TNF-α (p =0.023) compared with the non-WG group (N =
13). The WG group had significantly higher baseline serum
levels of IL-1β (p =0.002), IL-6 (p =0.024), and non-
significant higher baseline serum levels of TNF-α (p =
0.063) compared with the non-WG group; but there was no
significant difference in baseline bodyweight between the two
groups (p =0.673) (Table 4). Further, stepwise logistic
regression analysis indicated that, among IL-1β, IL-6,
and TNF-α, only higher baseline serum levels of IL-1β
predict a greater risk for weight gain at 6 months after
controlling for age, gender, education, smoking status,
and age of illness onset (odds ratio=0.91, 95 % Confidence
Interval 0.85–0.97, p =0.005).

Table 1 Demographic and clini-
cal characteristics of the study
sample

BMI bodymass index,PANSS the
Positive and Negative Syndrome
Scale, including positive symp-
toms, negative symptoms, general
psychopathology subscales

Characteristics Schizophrenia group (N =62) Control group (N=60) Group comparison

Mean (SD) Mean (SD) t p

Age (years) 24.7(5.5) 26.2(4.9) −1.523 0.130

Education (years) 12.9±2.6 13.7±2.9 −1.531 0.128

Body weight (kg) 56.71±8.60 57.23±7.84 −0.351 0.726

BMI (kg/m2) 20.14±2.02 20.23±2.04 −0.251 0.802

Age of illness onset (years) 23.8(5.5)

Disease duration (months) 7.1(5.7)

PANSS-total 71.8(8.0)

PANSS-positive 21.1(4.3)

PANSS-negative 14.9(3.5)

PANSS-general 36.1(6.8)

N (%) N (%) x2 p

Gender 0.039 0.844

Male 33 (53) 33 (55)

Female 29 (47) 27 (45)

Smoking status 0.288 0.591

Yes 16 (26) 13 (22)

No 46 (74) 47 (78)
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Discussion

To our knowledge, the present study was the first to charac-
terize the changes in pro-inflammatory cytokines and weight
gain during a relatively long time period (6 months) of risper-
idone treatment in drug naïve, first-episode schizophrenia
patients with normal weight. We found that this group of
patients presents an up-regulated inflammatory status at base-
line as reflected by elevated serum levels of IL-1β, IL-6, and
TNF-α. Our results are consistent with earlier reports from our
group (Song et al. 2009) and others (Fineberg and Ellman
2013; Kim et al. 2009; Na and Kim 2007; O'Brien et al. 2008;
Potvin et al. 2008).

In our patient study sample, we observed differential
change patterns in serum levels of IL-1β, IL-6, and TNF-α
during 6 months of risperidone treatment. Serum levels of IL-
1β decreased significantly at 2 weeks and 1 month, but
eventually increased to the levels comparable to baseline;
serum levels of IL-6 decreased initially but went back to the
levels comparable to baseline; in contrast, serum levels of
TNF-α increased significantly at 3 and 6 months.

Previous studies have examined the anti-inflammatory
property of antipsychotic medications with various results
(Drzyzga et al. 2006; Kim et al. 2009; Meyer et al. 2009).
Inconsistent findings in the literature might be explained by
two major considerations. First, antipsychotic medications
including risperidone may have direct impact on the inflam-
matory status (Chen et al. 2012; Leonard et al. 2012;
Pollmacher et al. 1996; Rudolf et al. 2002). Second, antipsy-
chotic medications cause various degrees of side effects of
weight gain and obesity (Fan et al. 2013), which are closely
associated with elevated production of pro-inflammatory

cytokine and chronic inflammation (Hotamisligil 2006;
Odegaard and Chawla 2013; Ritchie and Connell 2007;
Tateya et al. 2013). In our study, steady and significant weight
gain was observed during 6 months of risperidone treatment.
The changes in serum levels of pro-inflammatory cytokines
observed during risperidone treatment might reflect the net
effect of direct anti-inflammatory impact of risperidoneand
elevated production of pro-inflammatory cytokines associated
with steady weight gain over the 6-month follow-up time
period.

The present study also found that those drug naïve, first-
episode schizophrenia patients with higher baseline serum

Table 2 Comparison of cytokines at baseline between the schizophrenia
group and the control group (mean±SD)

Characteristics Schizophrenia group Control group t value p value

IL-1β (pg/mL) 53.28±12.62 23.49±15.27 11.765 <0.001

IL-6 (pg/mL) 33.98±14.13 15.53±7.16 9.051 <0.001

TNF-α (pg/mL) 50.08±12.86 32.12±15.23 7.176 <0.001

IL-1β interleukin-1β, IL-6 interleukin-6, TNF-α tumor necrosis factor-
alpha

Table 3 Changes of cytokinesandbody weight within the schizophrenia group during 6-month of risperidone treatment (mean±SD)

Characteristics Baseline 2 weeks 1 month 2 months 3 months 6 months F df p

IL-1β (pg/mL) 53.28±12.62 48.02±16.00 44.70±16.63 48.49±18.87 50.59±18.48 53.64±16.22 5.90 4.54, 276.96 <0.001

IL-6 (pg/mL) 33.98±14.13 31.94±12.44 29.71±12.59 30.88±11.66 33.54±15.36 37.13±13.23 4.74 4.60, 280.47 <0.001

TNF-α (pg/mL) 50.08±12.86 49.16±15.78 52.64±16.83 52.65±16.66 55.02±16.69 58.69±13.57 9.77 4.29, 261.65 0.001

Body weight (kg) 56.71±9.25 57.61±9.34 58.60±9.60 60.13±9.68 61.28±9.64 62.72±9.53 102.07 2.48, 151.15 <0.001

IL-1β interleukin-1β, IL-6 interleukin-6, TNF-α tumor necrosis factor-alpha

84 patients screened for eligibility

78 completed 2-week evaluation

6 did not meet study 

inclusion/exclusion criteria

78 completed 1-month evaluation

74 completed 2-month evaluation

69 completed 3-month evaluation

62 completed 6-month evaluation

62 Included in analysis

1 intolerability

1 poor efficacy

2 changed mind 

2 economic reasons

3 changed mind

2 economic reasons

2 lost follow-up

3 changed mind

Fig. 1 The flow chart of patient subjects at different time points
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levels of pro-inflammatory cytokines, especially IL-1β, seem
to be at a greater risk for weight gain at 6 months ofrisperidone
treatment. It is unclear why baseline levels of various cyto-
kines have differential predictive values for weight gain at
6 months. Our findings align with prior research in the general
population. For example, in the Cardiovascular Health Study
with individuals ≥65 years old (N =3,254), those who gained
5 % over a 3-year follow-up time period had higher baseline

serum levels of C-reactive protein (CRP), fibrinogen, and
factor VIIIc, which are well-established inflammatorymarkers
(Barzilay et al. 2006). In another large study with middle-aged
adults (N =2,792), high serum levels of CRP, fibrinogen, and
white blood cell count were more prone to gain weight during
a 10-year follow-up time period (Holz et al. 2010). The
mechanism that links the baseline inflammatory status and
weight gain is not unclear. Some have hypothesized that

Fig. 2 Changes of cytokines and
body weight within the
schizophrenia group during 6-
month risperidone treatment.
*p <0.05, **p<0.01, ***p <0.001.
After the Bonferroni correction,
p <0.01 was considered
significant

Table 4 Comparison of body
weight and cytokines between the
weight gain group and the non-
weight gain group (mean±SD)

Characteristics Weight gain group (N =49) Non-weight gain group (N =13) t p

Baseline

Body weight (kg) 56.47±8.52 57.62±9.2 −0.424 0.673

IL-1β (pg/mL) 55.79±12.17 43.80±9.67 3.282 0.002

IL-6 (pg/mL) 36.05±13.64 26.18±13.69 2.318 0.024

TNF-α (pg/mL) 51.64±12.49 44.20±13.03 1.892 0.063

6 months

Body weight (kg) 63.76±8.79 58.77±8.99 1.812 0.075

IL-1β (pg/mL) 57.04±14.44 40.83±16.68 3.384 0.001

IL-6 (pg/mL) 39.17±12.88 29.46±12.06 2.449 0.017

\TNF-α (pg/mL) 60.70±12.61 51.14±14.89 2.340 0.023
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inflammatory factors chronically stimulate the sympathetic
nervous system, which may in turn result in weight increases.
An alternate explanation is that inflammation is not directly
associated with weight gain, but instead serves as a surrogate
indicator of other pathophysiological processes related to
weight gain (Vasunilashorn 2013).

The strengths of the present study include the use of a
homogeneous group of drug naïve, first-episode schizophrenia
patients with normal weight and a relatively long follow-up
time period with risperidonemonotherapy. The selection of the
study sample in our study minimized potential confounding
factors such as previous exposure to antipsychotic medications,
variations in disease state (acute versus chronic) and disease
duration, and differences in obesity and other metabolic distur-
bances at baseline. The present study also has a few limitations.
(1) Some important factors related to weight control, such as
physical activity and food intake, were not measured during the
follow-up time period. (2) Adipose tissue is a major source of
pro-inflammatory cytokines; waist circumference or waist/hip
ratio, which was not measured in our study, might be a closer
measurement of adipose tissue. (3) Stress level, which is known
to influence inflammatory status, was not measured. (4) Some
important metabolic parameters such as fasting glucose and
lipids were not measured in the present study.

In summary, our study in a “clean” study sample provided a
“clear” dynamic picture on the changes of several important
pro-inflammatory cytokines and body weight during 6-month
risperidonemonotherapy. As inflammation also plays an im-
portant role in the development of schizophrenia and cogni-
tive deficits (Fan et al. 2007), prospective studies are needed
to further elucidate the role of inflammation in psychopathol-
ogy, cognition in addition to metabolism in first-episode
schizophrenia. The use of anti-inflammatory agents in combi-
nation with antipsychotic agents might be a promising strate-
gy to address multiple clinical challenges in this patient
population.
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