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Abstract

Inflammation has been considered important in the pathogenesis of schizophrenia.  Increasing 
evidence reveals that patients with schizophrenia have abnormal expression of cytokines, which are 
related to development of metabolic abnormalities.  Metabolic abnormality has become a critical issue,  
though its longitudinal relationship with the disorder, such as the antipsychotics influence, is unclear.  
We aimed to investigate whether abnormalities of metabolic parameters and cytokine levels in acute 
exacerbated schizophrenic patients existed, and whether intervention of antipsychotic could help.  The  
present study analyzed peripheral cytokines and metabolic/hemodynamic parameters in healthy controls  
and acute exacerbated schizophrenic patients hospitalized for three weeks under the unique treatment of  
quetiapine, a well-known second-generation antipsychotic.  Our results showed that patients with schizo- 
phrenia were predisposed to metabolic abnormalities in acute exacerbation, including body mass index  
(BMI) and waist circumference (WC).  The patients were also prone to dysglycemia, lower high-density  
lipoprotein cholesterol (HDL-c) levels, and higher blood pressure with concomitant of elevation of inter- 
leukin (IL)-2, IL-6 and IL-10 in which IL-6 was associated with BMI.  After quetiapine treatment, IL-2,  
IL-6 and IL-10 remained higher than the controls, but IL-10 was significantly decreased in follow-up  
comparison.  Glycemic-related indexes, HDL-c and IL-10 levels were significantly changed by variance  
analysis.  Results of the present study imply that acute exacerbated schizophrenic patients with metab- 
olism abnormalities may involve disruption of expression of cytokines, and that quetiapine may have ther- 
apeutic effects.  Nonetheless, metabolism parameters of patients undergoing treatment with quetiapine  
should be closely monitored.
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Introduction

High prevalence of schizophrenic patients with  
metabolic syndrome (MS) has been acknowledged by  
meta-analysis approaches (35), yet the longitudinal  
relationship between schizophrenia and metabolic ab- 

normalities was unsolved as far as we know.  In gen- 
eral, present consensus considers that MS is attributed  
to antipsychotics (25, 35).  However, conflicting results  
have raised a possibility that schizophrenia has a pre- 
disposing or primary role in MS (22, 34, 45).

MS is a cluster of common biological condi- 
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Materials and Methods

Study Participants

The present study was conducted in two hos-
pitals in Taipei, Taiwan.  Five males and 5 females 
with the diagnosis of schizophrenia by the Diagnostic  
and Statistical Manual of Mental Disorders (DSM) IV  
criteria#, and at the stage of acute exacerbation were  
recruited and treated with quetiapine (dosage from 
400 to 800 mg/kg) for three weeks during their hos-
pitalization.  They were selected from Tri-Service 
General Hospital Songshan Branch, and aged from  
29-60 with the mean age of 43.5 ± 14.5 years old.  One  
male and 1 female were excluded due to the necessity  
of combination with another antipsychotic.  The psycho- 
pathological status of the patients was assessed by  
trained physicians using the positive and negative  
syndrome scale (PANSS) (1), consisting of positive, 
negative, general psychopathology and supplemental  
aggression risk profiles subscales (See Supplement).   
Control subjects (10 males and 10 females) were re- 
cruited as they were arranged by the Health Manage- 
ment Center of Tri-Service General Hospital for routine  
labor/occupational checkup of their physical condi-
tions.  They aged from 20-37 with the mean age of 
27.4 ± 5.6 years old, and were free from metabolic 
or psychiatric disorders.  All subjects agreed to par-
ticipate in this study and provided signed written 
informed consent before enrollment.  Bloods of all 
subjects were collected for metabolic/hemodynamic 
parameters and cytokine analyses.  The study was 
approved by the Institutional Review Board of Tri-
Service General Hospital, National Defense Medical  
Center, Taipei, Taiwan with the certificate number 
SS101-01.

Evaluation of Test Parameters

Height, weight, waist circumference (WC) and  
blood pressure were recorded for all the subjects.  Body  
mass index (BMI) was calculated as weight in kilo-
grams divided by the square of the height in meters.

Overnight fasting blood samples were taken 
from the patients and the controls.  The plasma was  
separated (3500 × g, 10 min) at 4°C and was stored at  
-70°C before use.  Total cholesterol (TC), triglyceride  
(TG), high-density lipoprotein cholesterol (HDL-c), 
fasting blood sugar (FBS) and fasting plasma insulin  
(FPI) were measured by the Automatic Biochemical  
Analyzer (Vitros® 5, 1 FS, Ortho-Clinical Diagnostics,  
New York, USA).  The respective kits were validated  
using standard enzymatic methods.  The equation for  

tions, including abdominal obesity linked to an excess  
of visceral fat, elevated fasting blood glucose levels,  
insulin resistance, dyslipidemia and hypertension 
(31, 33).  Evidence reveals that the metabolic abnor- 
malities may be related to the development of inflam- 
mation (21, 48, 50) and may collectively be involved  
in the disease process of schizophrenia (14, 37, 44).   
Metabolic abnormalities can be regarded as a low- 
grade systemic inflammatory condition in which eleva- 
tion of levels of interleukin (IL)-6 and tumor necrosis  
factor (TNF)-alpha co-exists with insulin resistance, 
abnormal glucose metabolism (52), dyslipidemia (41) 
and hypertension (5).  Particularly, obesity belongs  
to chronic inflammation which is associated with high  
IL-6 level (21, 24).  Taken together, cytokines play an  
important role in the pathophysiology of MS.

Aberrant cytokine levels are considered as in-
flammatory markers.  Cytokines can be produced by  
peripheral and/or central cells (40, 53).  Additionally,  
elevated peripheral cytokines may invade central 
nervous system by crossing the blood-brain barrier 
(35, 39).  Roles of anomalous T-helper 1 (Th1) and 
T-helper 2 (Th2) cytokines have been implicated in  
schizophrenia (38, 44, 49).  In clinical terms, eleva- 
tions of regulatory cytokines (IL-6) and Th1 cytokines,  
interferon (IFN)-gamma and TNF-alpha, in blood/ 
cerebrospinal fluid of acutely relapsed were measured  
(32), but levels of IL-2 and IL-10 were controversial  
in acute relapse (28, 32, 49, 55).  The above literature  
supports the hypothesis that cytokine disruption may  
influence the pathophysiological process of schizo-
phrenia.

Interestingly, anti-inflammatory drugs not only 
can reduce the symptoms of metabolic abnormalities  
(9) but can also treat positive and negative symptoms  
of schizophrenia (38, 44).  Furthermore, anti-inflam-
matory intervention has also been demonstrated to  
improve metabolic parameters in pre-diabetic schizo-
phrenic patients (19, 48).  However, quetiapine is a  
commonly used second-generation antipsychotic with  
moderate influence on body weight gain (25, 51).  
On the other side, potential benefits from reduction 
of levels of certain cytokines such as IL-2, IL-6, and  
TNF-alpha in treating multiple myeloma and arthritis  
have been reported (6, 18, 20).  Thus, quetiapine was  
employed in the present study.

We postulated that quetiapine intervention might  
decrease cytokine levels and regulate metabolic abnor 
malities.  Thus, the present study aimed to investigate  
whether abnormalities of metabolic parameters along  
with cytokine levels could be observed in exacerbated  
schizophrenic patients, and whether intervention of an- 
tipsychotic could help.

# American Psychiatric Association.  Diagnostic and Statistical Manual of Mental Disorders - (DSM-IV), 4th edition.  Washington, DC, USA:  
American Psychiatric Association, 1994.
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low-density lipoprotein cholesterol (LDL-c) calculation  
was: LDL-c = TC − (HDL-c + TG/5).  Homeostasis  
model assessment of insulin resistance (HOMA-IR) 
index was calculated as FPI (µU/L) × FBS (mmol/L)  
divided by 22.5 (31, 33).  Cytokines (IL-2, IL-6, IL-10,  
IFN-gamma, and TNF-alpha) were assayed by BD 
Human Enhanced Sensitivity Cytometric Bead Array  
Kit (BD Biosciences, New Jersey, USA) as described  
previously (3).  The standard coefficient of determi-
nation (r2) was greater than 0.995.

Statistical Analysis

All data were expressed as mean ± standard devi- 
ation (SD).  Analysis was performed using the SPSS  
version 18.0 software package (SPSS Inc., Chicago,  
IL, USA).  Chi-square/t-tests and repeated measure-
ment of analysis of variance (ANOVA) analysis were  
used to compare metabolic/hemodynamic parameters  
and cytokine analyses of the exacerbated patients with  
the healthy controls, and were compared with follow-up  
quetiapine-treated patient/healthy controls in which 
data of the healthy controls were only measured in the  
first time.  The correlation coefficients between cy- 
tokine levels and metabolic/hemodynamic parameters  
were evaluated using Pearson’s correlation.  Stepwise  
linear regression models were used to identify pre- 
dictors of cytokine levels associated with metabolic/ 

hemodynamic parameters.  The significance of prob- 
ability level was set at 0.05.

Results

In acute exacerbation, schizophrenic patients had  
significantly higher BMI (t = -2.407, P = 0.023), WC  
(t = -3.492, P = 0.002), FBS (t = -2.070, P = 0.048), 
HOMA-IR (t = -2.676, P = 0.013), SBP (t = -2.015, 
P = 0.049) and DBP (t = -4.800, P < 0.001), but had  
lower HDL-c (t = 2.862, P = 0.008), compared with the  
healthy controls (Table 1).  For cytokines, patients had  
significantly higher levels of IL-2 (t = -2.594, P = 0.015),  
IL-6 (t = -3.179, P = 0.004) and IL-10 (t = -5.638, 
P < 0.001), compared with the healthy controls (Table 1).

Correlations between cytokine levels and meta-
bolic/hemodynamic parameters are shown in Table 2.   
There were correlations between IL-6 levels and BMI  
(r = -0.884, P = 0.004), WC (r = -0.791, P = 0.019), FPI  
(r = 0.800, P = 0.017) and HOMA-IR (r = 0.752, P =  
0.031), respectively (Table 2).  Furthermore, stepwise  
linear regression was used to identify predictors of cy- 
tokine levels associated with metabolic/hemodynamic  
parameters.  IL-6 was associated with BMI (Beta = 
0.249, P = 0.004; Table 3).

After quetiapine treatment for 3 weeks, patients  
remained having higher levels of BMI (t = -2.288, 
P = 0.030), WC (t = -3.491, P = 0.002), HOMA-IR  

Table 1. Comparison of metabolic/hemodynamic parameters and cytokines in healthy controls and acute exac-
erbation schizophrenic patients

Controls (n = 20) Patients (n = 8) t-test/Chi-square test P value
BMI (kg/m2) 21.4 ± 4.6 26.2 ± 5.3 -2.407 0.023
WC (cm)   73.6 ± 10.5   89.4 ± 11.6 -3.492 0.002
TC (mg/dl) 171.0 ± 31.7 175.3 ± 41.8 -0.296 0.770
TG (mg/dl)   96.6 ± 50.9   128.8 ± 107.9 -1.083 0.289
HDL-c (mg/dl)   55.6 ± 10.2   42.5 ± 12.8 2.862 0.008
LDL-c (mg/dl)   96.0 ± 24.7 105.1 ± 20.4 -0.092 0.363
FBS (mg/dl)   78.4 ± 15.5   91.4 ± 13.6 -2.070 0.048
FPI (µIU/ml) 10.5 ± 5.8   19.9 ± 21.2 -1.863 0.074
HOMA-IR   1.93 ± 0.83   4.19 ± 3.65 -2.676 0.013
SBP (mmHg) 111 ± 12 122 ± 15 -2.015 0.049
DBP (mmHg) 67 ± 8   87 ± 14 -4.800 < 0.001
IL-2 (pg/ml)   0.06 ± 0.29   0.61 ± 0.84 -2.594 0.015
IL-6 (pg/ml)   2.23 ± 0.74   7.03 ± 6.85 -3.179 0.004
IL-10 (pg/ml)   1.90 ± 0.45   2.94 ± 0.42 -5.638 < 0.001
TNF-alpha (pg/ml)   0.09 ± 0.40   0.39 ± 0.74 -1.388 0.177
IFN-gamma (pg/ml)   1.56 ± 0.45   1.62 ± 1.06 -0.231 0.819
BMI, body mass index; WC, waist circumference; TC, total cholesterol; TG, triglyceride; HDL-c, high-density lipoprotein  
cholesterol; LDL-c, low-density lipoprotein cholesterol; FBS, fasting blood sugar; FPI, fasting plasma insulin; HOMA-IR,  
homeostasis model assessment-insulin resistance; SBP, systolic blood pressure; DBP, diastolic blood pressure; IL, 
interleukin; TNF, tumor necrosis factor; IFN, interferon.
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(t = -0.079, P = 0.046), IL-2 (t = -3.454, P = 0.002) and  
IL-6 (t = -2.394, P < 0.001), compared with the healthy  
controls (Table 4).  In follow-up data showed that IL-10  
levels were significantly decreased after quetiapine 
treatment (t = 2.185, P = 0.046; Table 5).

Using repeated measurement of ANOVA with 
adjusted age, BMI and WC metabolic/hemodynamic  
parameters and cytokines were measured in the healthy  
controls and the acute exacerbation schizophrenic pa- 
tients.  HDL-c (F = 16.767, P < 0.001), FBS (F = 13.344,  

Table 4. Comparison of metabolic/hemodynamic parameters and cytokines in healthy controls and quetiapine-
treated schizophrenic patients

Controls (n = 20) Patients (n = 8) t-test/Chi-square test P value
BMI (kg/m2) 21.4 ± 4.6 25.8 ± 5.0 -2.288 0.030
WC (cm)   73.6 ± 10.5   89.4 ± 11.6 -3.491 0.002
TC (mg/dl) 171.4 ± 31.3 190.3 ± 47.8 -1.216 0.137
TG (mg/dl)   96.3 ± 51.8 107.1 ± 61.4 -0.477 0.546
HDL-c (mg/dl)   55.7 ± 10.5   49.1 ± 17.1 1.248 0.076
LDL-c (mg/dl)   96.7 ± 24.4 110.3 ± 40.1 -1.103 0.092
FBS (mg/dl)   78.8 ± 15.6   76.5 ± 20.0 0.325 0.459
FPI (µIU/ml) 10.7 ± 5.7 10.2 ± 7.2 0.209 0.294
HOMA-IR   1.98 ± 0.80   2.02 ± 1.50 -0.197 0.046
SBP (mmHg) 112 ± 11 120 ± 13 -1.662 0.881
DBP (mmHg) 67 ± 8   81 ± 13 -3.455 0.419
IL-2 (pg/ml)   0.13 ± 0.39   0.85 ± 0.72 -3.454 0.002
IL-6 (pg/ml)   2.44 ± 1.16   6.47 ± 7.50 -2.394 < 0.001
IL-10 (pg/ml)   1.90 ± 0.44   2.46 ± 0.46 -2.944 0.926
TNF-alpha (pg/ml)   0.20 ± 0.62   0.22 ± 0.62 -0.075 0.907
IFN-gamma (pg/ml)   1.57 ± 0.46   1.84 ± 0.84 -1.079 0.150
Abbreviations are as in Table 1.

Table 3. Association between IL-6 and metabolic/hemodynamic parameters in acute exacerbation schizophrenic  
patients (n = 8): stepwise linear regression analysis

Patients (n = 8) BMI WC TC TG HDL-c LDL-c FBS FPI HOMA-IR SBP DBP
IL-6 0.249**, a NSb NS NS NS NS NS NS NS NS NS
Abbreviations are as in Table 1.  aStandardized beta coefficient; bNot significant; **P < 0.01.

Table 2. Correlation between cytokines and metabolic/hemodynamic parameters in acute exacerbation schizo-
phrenic patients (n = 8)

IL-2 IL-6 IL-10 TNF-alpha IFN-gamma
BMI -0.572 -0.884** -0.519 0.476 -0.372
WC -0.424 -0.791* -0.352 0.447 -0.242
TC -0.544 -0.282 -0.106 -0.169 -0.220
TG -0.315 -0.462 -0.104 -0.174 -0.031
HDL-c 0.142 0.380 0.259 -0.130 -0.122
LDL-c -0.563 -0.398 -0.253 -0.155 -0.303
FBS -0.290 -0.545 -0.318 0.614 -0.642
FPI 0.435 0.800* 0.401 -0.128 0.349
HOMA-IR 0.409 0.752* 0.353 -0.024 0.272
SBP 0.185 0.267 0.108 -0.244 -0.123
DBP 0.119 0.309 -0.065 -0.372 -0.205
Abbreviations are as in Table 1.  *P < 0.05, **P < 0.01.
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P = 0.001), FPI (F = 4.441, P = 0.046), HOMA-IR (F =  
5.982, P = 0.023) and IL-10 (F = 9.872, P = 0.005) 
were significantly different (Table 6).

Discussion

The mortality rate of schizophrenic patients is  
higher than for the general population (29) due mainly  
to comorbid somatic conditions (18), including cardio- 
metabolic diseases and diabetes, the central elements  
of MS (18, 52) which are concomitant with elevations  
of cytokines (21, 32, 48).  Inflammation mediating 
aberrant cytokine levels plays an important role in  
the pathophysiological process related to both schizo- 
phrenia pathoetiology and metabolic abnormalities in  
schizophrenic patients (14, 21, 37, 44, 50).  This article  
is the first human study to evaluate the hypothesis that  
antipsychotic (quetiapine) intervention decreases cy- 
tokine levels and regulates metabolic abnormalities.

MS-related risk factors have an elevated preva- 
lence in schizophrenic patients (8, 25) and the longi-
tudinal relationships between schizophrenia and MS  
are still unclear.  It remains unsolved whether the MS  

is caused by pharmacological intervention of schizo- 
phrenia or by the disease itself.  Recently, Mitchell et  
al. (35) systematic reviewed and meta-analyzed reports,  
and found that the overall rate of MS was 32.5% in  
schizophrenic patients, and the worst was clozapine- 
induced effects.  However, antipsychotics may not be  
the solitary factor to produce metabolic problems in  
schizophrenic patients (22, 34, 45).  In the present  
study, obesity (high levels of BMI and WC), dysgly- 
cemia (high levels of FBS and HOMA-IR), lower  
HDL-c levels and higher blood pressure were founded  
in acute exacerbated schizophrenic patients, and fitted  
with previous studies on non-relapse patients (8, 21,  
50).  The mechanisms underlying the above phenom- 
enon are unclear.  It is acknowledged that withdrawal  
or discontinuation of antipsychotics renders the psy- 
chiatric patients much more liable for relapses (36),  
and disruption of both peripheral and central cytokines  
were observed (32, 37, 38, 49).  However, since it is 
unsure in these studies whether or not patients regu-
larly took the prescribed antipsychotics, it could be  
a limitation in interpreting the data.

Inflammation relevant to cytokines is involved  

Table 5.  Changes of metabolic/hemodynamic parameters and cytokines in quetiapine-treated patients

Before (n = 8) After (n = 8) t-test/Chi-square test P value
BMI (kg/m2) 26.2 ± 5.3 25.8 ± 5.0 0.120 0.906
WC (cm)   89.4 ± 11.6   89.4 ± 11.6 0.000 1.000
TC (mg/dl) 175.3 ± 41.8 190.3 ± 47.8 -0.668 0.515
TG (mg/dl)   128.8 ± 107.9 107.1 ± 61.4 0.492 0.630
HDL-c (mg/dl)   42.5 ± 12.8   49.1 ± 17.1 -0.877 0.395
LDL-c (mg/dl) 105.1 ± 20.4 110.3 ± 40.1 -0.327 0.748
FBS (mg/dl)   91.4 ± 13.6   76.5 ± 20.0 1.740 0.104
FPI (µIU/ml)   19.9 ± 21.2 10.2 ± 7.2 1.228 0.240
HOMA-IR   4.19 ± 3.65   2.02 ± 1.50 1.561 0.141
SBP (mmHg) 122 ± 15 120 ± 13 0.303 0.766
DBP (mmHg)   87 ± 14   81 ± 13 0.888 0.389
IL-2 (pg/ml)   0.61 ± 0.84   0.85 ± 0.72 -0.635 0.535
IL-6 (pg/ml)   7.03 ± 6.85   6.47 ± 7.50 0.157 0.878
IL-10 (pg/ml)   2.94 ± 0.42   2.46 ± 0.46 2.185 0.046
TNF-alpha (pg/ml)   0.39 ± 0.74   0.22 ± 0.62 0.492 0.630
IFN-gamma (pg/ml)   1.62 ± 1.06   1.84 ± 0.84 -0.455 0.656
Abbreviations are as in Table 1.

Table 6. Analysis of the metabolic/hemodynamic parameters and cytokines in both healthy controls and acute 
exacerbation schizophrenic patients

TC TG HDL-c LDL-c FBS FPI HOMA-IR SBP DBP IL-2 IL-6 IL-10 TNF-alpha IFN-gamma
F valuea, b 1.382 1.657 16.767 1.413 13.344 4.441 5.982 0.036 0.872 1.163 2.316 9.872 1.147 1.377
P value 0.252 0.211 < 0.001 0.247 0.001 0.046 0.023 0.851 0.36 0.292 0.142 0.005 0.295 0.253
Using repeated measurement of ANOVA was used.  Abbreviations are as in Table 1.  aAdjusted for age, BMI, and WC; bTimes (baseline & after 3 
weeks) × Groups (healthy controls & patients).
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in the process of schizophrenia and metabolic abnor- 
malities (38, 44, 48, 50).  For example, schizophrenia- 
related dysglycemia has already been documented in  
several studies such as insulin resistance, increased 
fasting glucose levels, or HOMA-IR (45, 48, 50),  
which are highly associated with IL-6 and TNF-alpha  
(48, 50).  The subjects with HOMA-IR > 2.5 as have  
insulin resistance (17), which also occurred in our acute  
exacerbation schizophrenic patients.  In addition, our  
findings were consistent that FPI was correlated with  
IL-6 level, which in turn was correlated with HOMA-IR.   
The possible mechanism is that IL-6 and TNF-alpha  
mediate inflammatory effects causing insulin resis- 
tance via suppressing glucose transporter type 4 expres- 
sion (26, 30).  For weight gain and obesity, increasing  
of BMI and WC were observed in our schizophrenic  
patients, who were prone to obesity (21).  Obesity repre- 
sents an excess of adipose tissue, activating greater  
inflammatory response of the adipose tissue (13).  Linear  
regression found that IL-6 level was associated with  
BMI in our acute exacerbated schizophrenic patients.   
Consistently, obesity-related inflammation causes 
IL-6 accumulation as well as a confirmed positive 
correlation between BMI and IL-6 levels (21, 24).  
Changes of blood pressure can be attributed to the 
fact that (i) hypertension can be directly associated 
with the elevations of IL-6 and TNF-alpha (5), and 
(ii) hypertension may be indirectly caused via the  
elevations of blood sugars and lipid profiles (2, 4, 42),  
and (iii) high blood pressure resulted from obesity 
(46), as they shared the common oxidation and in-
flammation mechanisms (4, 42).

Regarding to cytokines, an imbalance of Th1  
and Th2 cytokines has been found in schizophrenic  
patients (32, 44, 49).  In the present study, IL-2 eleva- 
tion was consistently reported in some studies (28),  
but others showed no alteration or reduction (37, 49).   
Our data and some studies have also found increased  
levels of IL-6 and TNF-alpha concentrations (32, 37,  
49), while others have found no changes (50).  IL-10  
level is also conflicting (28, 32).  However, in our acute  
exacerbated schizophrenic patients, IL-10 concentra- 
tions were elevated.  After quetiapine treatment for  
three weeks, levels of IL-6, IL-10, and TNF-alpha had  
decreased, especially, reduction in the levels of IL-10  
was statistically significant, inconsistent with other  
clinical findings that IL-6 may serve as an important  
marker (32, 37).  However, IL-10 and its gene have  
been associated with schizophrenia (15, 47), and IL-10  
level is also correlated with PANSS (47, 54).  Our  
supplement data indeed revealed that IL-10 had a  
positive correlation with positive symptoms in acute  
exacerbated schizophrenic patients.  One of the inter- 
pretation is that Th2 cytokines would be elevated to  
adjust inflammatory response.  Subsequently, the inter- 
vention of antipsychotics might modulate the Th2 cyto- 

kine responses (7, 23).  Moreover, quetiapine can be  
used to treat certain immune abnormalities, including  
multiple myeloma and arthritis (6, 18, 20), by decreas- 
ing levels of the cytokines IL-2, IL-6, and TNF-alpha,  
illustrating that quetiapine could ameliorate cytokines  
disruption.  Another interpretation is that quetiapine  
may exert partial agonistic effects on serotonin and 
dopamine receptors (10), and cross talk is known to  
exist between the immune and neural systems, particu- 
larly central dopamine has been implicated in the in- 
flammatory processes (12).  In the present study, que- 
tiapine treatment significantly decreased IL-10 level,  
suggesting that quetiapine blocked dopamine signaling,  
and it is possible to predict anti-inflammatory effects  
(27).  Evidence has also been demonstrated that anti- 
inflammatory drug can improve metabolic abnormalities  
(19, 48).  Hence, we suggest that quetiapine treatment  
might ameliorate metabolic abnormalities by regulating  
anomalous cytokine levels.  These findings can be con- 
firmed by the repeated measurement of ANOVA analy- 
sis, particularly in glycemic metabolic parameters and  
IL-10.

Quetiapine therapy does not certainly increase  
BMI (25); BMI decreased in the present and a pervious  
study (11, 51).  In the present study, quetiapine can 
also regulate SBP levels and HDL-c concentrations, 
in line with previous studies (11, 16).  Elevating TC  
level is a significant side effect of quetiapine in our  
findings: higher TC level did not reach statistically  
significance, but was observed in the study of de 
Leon et al. (11).  However, cardiovascular disease is  
one of comorbid somatic conditions causing mortality  
in schizophrenic patients (29) in which TC is one of  
higher risk factors (8, 33).  In conclusion, schizophrenic  
patients are predisposed to metabolic abnormalities with  
concomitant aberrant cytokine levels in acute exacer- 
bation.  Quetiapine therapy could ameliorate cytokine  
levels and subsequently regulate dysglycemia and  
HDL-c concentrations.  Nevertheless, it is recom-
mended that patient treated with quetiapine should be  
regularly monitored for their metabolism parameters.
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Supplement

Supplementary Table 1.  Clinical disability measures.

PANSS subscales Before After quetiapine 
treatment

t-test P value

Positive symptoms 36.3 ± 4.6 26.4 ± 4.7 4.227 0.001
Negative symptoms 33.9 ± 5.7 29.4 ± 5.9 1.549 0.144
General psychopathology 70.9 ± 9.8   56.9 ± 13.4 2.387 0.032
Supplemental aggression risk profiles 12.3 ± 2.7   9.9 ± 3.2 1.620 0.128
Total scores 153.3 ± 18.6 121.3 ± 23.1 3.048 0.009
n = 8.  In PANSS, quetiapine-treated schizophrenic patients for three weeks improved the positive symptoms (t = 4.227, 
P = 0.001), general psychopathology (t = 2.387, P = 0.032), and total scores (t = 3.048, P = 0.009).

Supplementary Table 2.  Correlations between IL-10 and PANSS in acute exacerbated schizophrenic patients.

Total scores Positive symptoms Negative symptoms General 
psychopathology

Supplemental 
aggression risk 

profiles
IL-10 0.430 0.734* 0.068 0.417 0.056
*P < 0.05
n = 8.  There was a correlation between IL-10 level and positive symptoms (r = 0.734, P = 0.038) in acute exacerbated 
schizophrenic patients, was evaluated by Pearson’s correlation.

Supplementary Table 3.  Correlations between IL-10 and PANSS in quetiapine-treated schizophrenic patients for  
three weeks.

Total scores Positive symptoms Negative symptoms General 
psychopathology

Supplemental 
aggression risk 

profiles
IL-10 -0.289 -0.56 -0.326 -0.249 0.134
n = 8.  There was no correlation between IL-10 level and PANSS in quetiapine-treated schizophrenic patients for three 
weeks, was evaluated by Pearson’s correlation.


