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Abstract
Objective: Although atypical antipsychotics are well-tolerated and 
effective treatment options for schizophrenia, they have metabolic 
side effects, including weight gain and increased risk of Type II Diabe-
tes Mellitus (DM). Adiponectin, produced exclusively in adipocytes, 
is the most abundant serum adipokine. Low levels of adiponectin 
are correlated with DM, insulin resistance and coronary heart dis-
ease. Usage of atypical antipsychotics may create a risk of metabolic 
syndrome. The aim of this study was to evaluate the effects of antip-
sychotic usage on parameters related to development of metabolic 
syndrome.

Materials and Methods: A total of 27 patients (n=27) (13 women 
and 14 men) were recruited from our out-patient psychiatry clinic. 
All patients had been treated with atypical antipsychotics for at least 
3 months and were in remission. Patients were evaluated for levels 
of HDL (High Density Lipoprotein), LDL (Low Density Lipoprotein ), 
TG (Triglyceride) total cholesterol and fasting blood glucose, body 
weight, BMI (Body Mass Index), waist circumference and serum adi-
ponectin levels. 

Results: Serum adiponectin levels were significantly lower (p:0.000) 
and body weights were significantly higher (p:0.003) in the patients 
who had been using atypical antipsychotics for longer than a year in 
comparison to patients who had been using atypical antipsychotics 
for one year or less.

Conclusion: Our findings supported the hypothesis that the length 
of administration of atypical antipsychotics has an effect on meta-
bolic changes. They also highlight the fact that when investigating 
metabolic changes generated by atypical antipsychotic effects, the 
length of time that the patient has been on the atypical antipsychot-
ics should also be considered. 
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Özet
Amaç: Atipik antipsikotikler şizofreni tedavisi için iyi tolere edilebi-
len ve etkili tedavi seçenekleri olmakla birlikte bu ajanların kilo alımı 
ve TipII Diabetes Mellitus’a (DM) yatkınlık gibi metabolik yan etkileri 
olduğu da bilinmektedir. Adiponektin, sadece adipositler tarafından 
üretilen ve kanda en fazla miktarda bulunan serum adipokinidir. Dü-
şük Adiponektin düzeyleri DM, insülin direnci ve koroner arter hasta-
lıklarıyla ilişkilidir. Atipik antipsikotik kullanımı metabolik sendroma 
yatkınlık yaratabilmektedir. Bu çalışmada atipik antipsikotik kullanım 
süresinin metabolik sendroma yatkınlıkla ilişkili parametreler üzerine 
olan etkisini incelenmeyi amaçladık.

Gereç ve Yöntem: En az 3 aydır atipik antipsikotik tedavisi görmekte 
ve halen remisyonda olan toplam 27 (13 kadın ve 14 erkek) hastanın 
HDL, LDL, TG, total kolesterol ve açlık kan şekeri düzeyleri, kiloları, bel 
çevresi ölçümleri, VKİ (Vücut Kitle İndeksi) ve serum adiponektin dü-
zeyleri değerlendirildi. 

Bulgular: Bir yıl ya da daha kısa süredir antipsikotik kullananlara 
oranla, 1 yıldan daha uzun süredir antipsikotik kullanmakta olan 
hastaların adiponektin düzeyleri anlamlı olarak daha düşük bulundu 
(p:0.000) ve kiloları da anlamlı olarak daha fazlaydı (p:0.003). 

Sonuç: Bulgularımız, atipik antipsikotik kullanımının neden olduğu 
metabolik değişikliklerin kullanım süresiyle ilişkili olduğunu destek-
lemektedir. Atipik antipsikotik kullanımında ortaya çıkan metabolik 
değişiklikler araştırılırken kullanım süresinin de önemli bir faktör ola-
rak göz önüne alınması gerektiği düşünülmektedir.
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Introduction

Although the emergence of atypical antipsychotics has 
presented us with a group of well-tolerated and effective 
agents as treatment alternatives for schizophrenia, the meta-
bolic side effects of these agents, such as weight gain and a 
tendency toward Type II DM (Diabetes Mellitus), cannot be 
denied [1-4]. Weight gain due to the use of the new generation 
of antipsychotics causes a general increase in adipose tissue, 
which in turn may cause insulin resistance, glucose intolerance 
and diabetes [5]. The use of atypical antipsychotics is often 
associated with weight gain, insulin resistance and metabolic 
syndrome. Metabolic syndrome is a disorder characterized 
by disrupted glucose metabolism and/or disrupted insulin 
metabolism (glucose intolerance, Type II DM, insulin resistance 
or hyperinsulinemia) and obesity (increased adipose tissue, 
especially in the abdominal area), and it affects many systems 
[6, 7]. Low levels of serum adiponectin are also associated with 
insulin resistance and Type II DM. Although the physiological 
role of adiponectin has not been determined fully, it is thought 
to have anti-atherogenic and anti-inflammatory properties [8]. 
Adiponectin is a plasma protein produced by mature adipo-
cytes, and it has anti-inflammatory effects and increases insulin 
sensitivity. Its level in circulation decreases with increasing 
body mass index [9-12]. The effects of atypical antipsychotics, 
as well as other symptoms of metabolic syndrome, on serum 
adiponectin levels are increasingly becoming the subject 
of research. Previous studies investigating the relationship 
between serum adiponectin levels and the usage of atypical 
antipsychotics have focused more on short-term effects [9, 
13-17]. In this study, our purpose was to investigate the effects 
of atypical antipsychotic usage on serum adiponectin levels 
and metabolic parameters based on their association with 
long- and short-term atypical antipsychotic usage. 

Materials and Methods 

Patient selection and evaluation: Approval for the inves-
tigation was obtained from the Medical Ethics Committee of 
the Atatürk University Department of Medicine. 

A total of 27 patients were informed of the study outline 
and objectives, and after their informed consent was obtained, 
they were included in this study. These patients were 18 -60 
years old and were consecutive outpatients with schizophre-
nia and schizoaffective disorders who were being tracked by 
Atatürk University Medical Faculty Psychiatry Department 
Outpatient Clinic. All patients were in remission, had stable 
drug usage, and were receiving atypical antipsychotic mono-
therapy for at least 3 months (with usage durations between 
3 months and 10 years). Only patients being treated for diag-
noses of schizophrenia or schizoaffective disorder according 

to DSM-IV criteria were accepted for the study. The diagnoses 
of the patients were confirmed by SCID-I. Exclusion criteria 
in the selection of patients were tobacco use, alcohol use, 
drug addiction, eating disorder diagnosis, long-term use of 
non-psychotropic drugs, mental retardation, neurological 
disorders and history of head injury. Some of our patients, 
in addition to atypical antipsychotics, were using anticho-
linergics (1-3 mg Biperiden) and/or benzodiazepine (1-4 mg 
Lorazepam) when necessary. The dosage ranges of the atypi-
cal antipsychotics were Olanzapine (5-20 mg), Risperidone 
(2-6 mg), Quetiapine (600-1200 mg), Amisulpride (400-800 
mg), Clozapine (600 mg/g), Aripiprazole (30 mg/g), Sulpiride 
(200- 800 mg), and Paliperidone (9 mg/g). The demographic 
characteristics of the patients along with their weight, waist 
measurement and body mass index were recorded on a 
patient information form. 

Biochemical analysis
The serum HDL (High Density Lipoprotein), LDL (Low 

Density Lipoprotein), total cholesterol, TG (Triglyceride) and 
fasting blood glucose levels of the patients were recorded. 
Serum adiponectin levels were measured by enzyme-linked 
immunosorbent assay (ELISA) using a ready commercial kit 
(RayBio® Human adiponektin /Acrp30 ELISA kit) (Cat#: ELH-
ADIPNECTIN-001). The detection limit was 10 pg/ml (intra-assay 
CV<10%, interassay CV<12%). The kit used showed no cross-
reaction with any cytokines, for example, human Angiogenin, 
BDNF, BLC, ENA-78, FGF-4, IL-1a, IL-1b, IL-2, IL-3, IL-4, IL-5, IL-6, 
IL-7, IL-8, IL-9, IL-11, IL-12 p70, IL-12 p40, IL-13, IL-15, IL-309, IP-10, 
G-CSF, GM-CSF, IFN-γ, Leptin (OB), MCP-1, MCP-2, MCP-3, MDC, 
MIP-1a, MIP-1 b, MIP-1δ, PARC, PDGF, RANTES, SCF, TARC, TGF-b, 
TIMP-1, TIMP-2, TNF-a, TNF-b, TPO and VEGF. 

Statistical evaluation
The SPSS 11.0 program was used for statistical analysis.  

The correlations between serum adiponectin levels and 
usage duration of atypical antipsychotics, gender, weight, 
body mass index, waist measurement and TG, HDL, LDL, total 
cholesterol and fasting blood sugar levels were evaluated 
using correlation analysis. The Mann-Whitney U test was used 
to make a comparison of weight, body mass index, serum 
adiponectin levels, HDL levels and fasting blood sugar levels 
and atypical antipsychotic usage among our patients, who 
were separated into two groups: Schizophrenia patients and 
Schizoaffective Disorder patients. The Mann-Whitney U test 
was used to compare serum adiponectin, fasting blood sugar 
and HDL levels and waist measurements between genders. 
The Mann-Whitney U test was used once more to compare 
the HDL, LDL, TG, fasting blood sugar, total cholesterol, and 
serum adiponectin levels and weight and waist measure-
ments of patients who had been using atypical antipsychot-
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ics less than one year to those of patients using atypical 
antipsychotics longer than one year. 

Findings
A total of 27 patients (13 women and 14 men) were includ-

ed in this study. The average age of our patients was 35.0±9.4 
sd years. All of our patients had been receiving atypical anti-
psychotic treatment for at least 3 months; 17 patients (63.0%) 
had been using atypical antipsychotics for less than one 
year, and 10 patients (37.0%) had been using the treatment 
for over one year. Of the 27 patients, 55.6% (n=15) had been 
diagnosed with schizophrenia and 44.4% (n=12) with schizoaf-
fective disorder. No significant correlation was found between 
the diagnoses of the patients and their serum adiponectin 
levels, BMI (body mass index), waist measurements, weights 
and biochemical parameters. The atypical antipsychotics 
used were Olanzapine (n=9), Quetiapine (n=6), Risperidone 
(n=5), Amisulpride (n=2), Sulpiride (n=2), Aripiprazole (n=1), 
Clozapine (n=1) and Paliperidone (n=1). The average values of 
various parameters of our patients are given in Table 1.

TG levels, waist measurements and patient weight were 
negatively correlated with serum adiponectin levels (Table 2).

The HDL levels of the patients were negatively correlated 
with the length of drug use (r=-0.508, p=0.008), TG levels 
(r=-0.598, p=0.001), weight (r=-0.437, p=0.029), and waist 
measurements (r=-0.495, p=0.014). LDL levels, on the other 
hand, showed a positive correlation with total cholesterol 
levels (r=0.944, p=0.000).

The average weight of the patients (72.0±8.7 kg) was posi-
tively correlated with waist measurements (r=0.577, p=0.003) 
and length of drug use (r=0.612, p=0.001), but it showed 
a negative correlation with HDL levels (r=-0.437, p=0.029). 
While the average weight of patients using atypical antipsy-
chotics for less than one year was 67.8±7.08 kg, the average 
weight of patients who had been on atypical antipsychot-
ics for more than one year was found to be 78.7±7.05 kg 
(p=0.003). The atypical antipsychotic use of the patients 
showed a correlation with their weights, HDL levels and 
serum adiponectin levels (Table 3). 

In our study, there was a significant correlation between 
the length of atypical antipsychotic usage and adiponectin 
levels (Figure 1). These results show that the adiponectin 
levels of patients who had been using antipsychotics for 
more than one year were significantly lower than those who 
had been using antipsychotics for one year or less (p=0.000). 
Furthermore, there was a significant correlation between the 
weight of the patients and their atypical antipsychotic usage 
duration (p=0.003). 

There were no significant gender-related differences with 
regards to the length of atypical antipsychotic usage; howev-
er, a number of other parameters did display a gender-related 
difference and are shown in Table 4. 

In our study, there were no significant differences 
between patients taking Olanzapine (n=9) and those taking 
other atypical antipsychotics in terms of length of drug use, 
average weight, waist measurement, and HDL, LDL, TG and 
serum adiponectin levels. Upon further evaluation of patients 
taking Olanzapine, a positive correlation was found between 
the length of drug use and waist measurements (r=0.761 and 
p=0.017). Although the number of patients using Olanzapine 
was not sufficient for a comparison based on their usage 

Table 1. Average values of various parameters of our patients

Variables  average±SD

Age 35.0±9.4 year

Drug usage duration  25.6±30.3 month

BMI 26.56±2.8 kg/ml

Waist measurement 95.04±9.6 cm

Fasting blood sugar 101.5±34.5 mg/dL

HDL 44.2±13.2 mg/dL

LDL 117.4±33.7 mg/dL

Total cholesterol 185.3±40.6 mg/dL

TG 189.8±114.7 mg/dL

Adiponectin levels 1848.5±1021.8 pg/ml

SD: standard deviation

Table 2. The correlation of serum adiponectin levels and various 
variables

Variables r p

Weight -0.270 0.182

Body mass index 0.028 0.890

Waist measurement -0.097 0.645

Triglyceride -0.059 0.775

HDL 0.254 0.210

LDL 0.134 0.514

Total cholesterol 0.264 0.193

Fasting blood sugar -0.317 0.123

Gender  -0.382 0.049

Length of atypical antipsychotic use -0.621 0.001

Table 3. Variables showing significant correlation with length of 
atypical antipsychotic use 

Variables  r p

Weight .612 .001

HDL -.508 .008

Adiponectin levels -.621 .001
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duration, the differences in the averages within this group are 
shown in Table 5.

Discussion

The rate of death from cardiovascular disorders is higher 
in patients diagnosed with schizophrenia in comparison to 
the normal population [18]. Additionally, a group of clinical 
findings and symptoms, collectively known as “metabolic 
syndrome”, has also been reported to create a significant risk 
for cardiovascular system disorders [19-22]. Low adiponectin 
levels show a correlation with almost all clinical components 
of metabolic syndrome, and this correlation is considered a 
significant indication of increased risk for cardiovascular dis-
orders and is indicative of the severity of the illness [23-28]. 
In a literature review carried out by Gentile, when short-term 
studies were examined, Clozapine was found to carry the 
highest risk for weight gain, with the risk ratio diminish-
ing in the order of Olanzapine, Quetiapine, Risperidone, 
Amisulpride, Aripiprazole and Ziprasidone. In the same analy-
sis, when data pertaining to long-term studies (generally 
more than one year of drug use) were examined, Clozapine 
was again ranked first, and Ziprasidone was last; however, it 
was noted that the data on the other atypical antipsychot-
ics did not reflect the correlation as well [16]. Hosojıma et 
al. observed that, although there was weight gain after 4 
weeks of Olanzapine use, there was no significant increase 
in serum leptin, ghrelin and adiponectin levels [17]. Bai et al. 
found a higher rate of metabolic syndrome among Clozapine 

users than Olanzapine users (28.7% and 24.2%, respectively) 
in their study of 567 patients, whose average term of drug 
use was 45.8±27.8 months, and they also reported that the 
serum adiponectin levels of the Olanzapine using group were 
higher than those of the Clozapine group [29]. Murashita et 
al. reported that although there was weight gain by the 6th 
month of antipsychotic treatment, there was no significant 
difference in the serum adiponectin levels [13]. Perez-Iglesias 
et al. reported a non-significant drop in serum adiponectin 
levels, although they did find a significant increase in the 
serum insulin and leptin levels and patient weight after one 
year of treatment with atypical antipsychotics [30]. Studies 
focused on the correlation of atypical antipsychotics with 
weight gain and insulin resistance have shown that occa-
sionally there is no significant difference among the atypical 
antipsychotics and that Olanzapine and Clozapine have more 
involvement with weight gain and the disruption of glucose 
regulation [31-34] than other drugs. Crespo-Facorro et al. 
determined that, although there is no difference in efficacy 
and tolerability, Olanzapine causes more weight gain com-
pared to Risperidone [35], and Van Winkel et al. have drawn 
attention to the fact that Clozapine carried the highest 
risk of changing plasma glucose levels among schizophre-
nia and schizoaffective disorder patients using Risperidone, 
Aripiprazole or Clozapine [36]. Newcomer et al. found clinical-
ly significant weight loss, a marked drop in TG and total cho-
lesterol levels and a marked increase in HDL levels in obese 
patients who had been using Olanzapine, after 16th week of 
switching to Aripipirazole [37]. In conclusion, current litera-

Table 4. Comparison of serum adiponectin levels, fasting blood 
sugar, HDL and waist measurements according to gender 

Variables                                  Gender  p

 Female Male  

Serum adiponectin 2246.4±1240.0 1457.76±603.1 p=0.069
levels pg/ml 

Fasting blood sugar  88.27±22.0 112.92±39.5 p=0.026
mg/dL 

HDL mg/dL 48.61±13.4 39.92±12.0 p=0.039

Waist measurement cm 93.46±10.3 96.75±9.0 

Table 5. Comparison of weight, waist measurement and serum 
adiponectin levels according to the usage duration of Olanzapine 

Variables                                        Olanzapine usage duration

 Less than one year More than one year
 (n=5)  (n=4) 

Waist measurement 94.2±3.7 cm 105.0±6.6 cm

Average weight 66.4±5.4 kg 79.7±6.8 kg

Adiponectin  2301.23±494.61 pg/ml 1010.5±335 pg/ml
Figure 1. Graph showing the correlation between the usage duration of 
atypical antipsychotics and adiponectin levels.
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ture on the use of antipsychotics and metabolic parameters 
calls for particular attention to Clozapine and Olanzapine and 
shows that the use of atypical antipsychotics affects many 
clinical factors that make up metabolic syndrome.

In our study, we found a significant correlation between 
the length of atypical antipsychotic use and adiponectin 
levels and patient weight. Our data are consistent with lit-
erature supporting the correlation of the length of atypical 
antipsychotics use with many variables positively affecting 
metabolic syndrome. In our study, we were unable to find a 
significant difference in length of drug administration and 
average weight, waist measurements and HDL, LDL, TG and 
serum adiponectin levels between the Olanzapine group and 
the rest of the sample. Patients using Olanzapine showed 
a positive correlation between length of drug use and 
waist measurements. The finding of lower adiponectin levels, 
larger waist measurements and higher weight ratios among 
patients who had been on Olanzapine for longer than one 
year are inconsistent with literature stating that the highest 
risk period for weight gain during Olanzapine usage is the 
first 6 weeks [38, 39]. 

Our study showed no significant differences in the dura-
tion of atypical antipsychotic usage between genders. Over 
half (57.7%) of our patients had HDL levels that would be 
considered unhealthy, and the female patients had rela-
tively higher HDL levels; however, those higher levels could 
also be related to a generally higher risk among females. 
Furthermore, the female patients in our study had a higher 
risk of central obesity. 

Low HDL levels have been associated with cardiovascular 
mortality, especially in women, and HDL levels below 50 mg/
dl in women and 40 mg/dl in men are considered hazardous 
to health [40, 41]. Waist measurements greater than 88 cm 
for women and 102 cm for men are considered unhealthy. 
Fezeu et al. working within a large sample, determined  
a higher incidence of hyperglycemia, one of the compo-
nents of metabolic syndrome, in men (6% in women, 12% 
in men) and a higher incidence of central obesity in women  
(81% in women, 52% in men) [42]. The prevalence of diabetes 
is lower in premenopausal women, which can be associated 
with the efficacy of 17-B estradiol in protecting insulin pro-
duction [43, 44]. Nevertheless, some publications claim that 
estradiol levels above or below physiologic limits can speed 
the development of insulin resistance and Type II DM [45].

Our hypothesis focused on the possibility of changes 
in metabolic parameters as a result of prolonged usage of 
atypical antipsychotics, and the data support this hypothesis. 
However, our sampling was not large enough to investigate 
the effects of each drug separately. Again, although our study 
was focused solely on comparing short- and long-term drug 
use and each patient’s process was observed separately, not 
having the starting values was restrictive. 

Our finding that low serum adiponectin levels were 
associated with the duration of atypical antipsychotic use 

coupled with the accompanying high weight values supports 
the suggestion that the length of atypical antipsychotic use is 
positively correlated with metabolic syndrome. Our data also 
support the theory that lower adiponectin levels are an indi-
cation of disrupted glucose regulation and insulin resistance. 
This study, while investigating the parameters that could be 
used in the prevision and tracking of metabolic syndrome, 
focuses especially on the effects of the duration of atypical 
antipsychotic usage, and it draws attention to adiponectin, 
the subject of a relatively limited number of studies. Further 
studies that consider drug usage terms in addition to other 
biochemical parameters that can predict metabolic syn-
drome are needed. 

Conflict of interest statement: The authors declare that 
they have no conflict of interest to the publication of this article. 
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