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Background: Adiponectin is a hormone secreted by adipose tissues that is thought to influence lipid and glucose
metabolism, and the development of metabolic derangements, including metabolic syndrome (MetS), in schi-
zophrenia. We aim to determine the serum adiponectin levels in Chinese patients with schizophrenia, and ex-
plore the relationship between adiponectin levels and metabolic parameters, including MetS and its components.
We hypothesized that serum adiponectin levels are similar in schizophrenia patients and controls, but decreased
amongst patients on atypical antipsychotics.

Methods: 81 patients and 81 controls were recruited. Anthropometric parameters and fasted blood samples for
metabolic measurements were obtained. Serum adiponectin levels were measured using Bioplex assays.
Results: There was no difference in median adiponectin levels between schizophrenia patients and controls.
Those taking typical antipsychotics alone had lower median adiponectin levels than those on mixed typical and
atypical antipsychotics. Serum adiponectin level, controlled for age, gender and body mass index, was positively
correlated with high-density lipoprotein cholesterol, and negatively correlated with diastolic blood pressure,
total cholesterol, low-density lipoprotein cholesterol, and triglyceride levels in schizophrenia patients. Patients
with MetS had lower median adiponectin levels than those without MetS, and serum adiponectin levels de-
creased as the number of MetS components increased. After adjusting for variables thought to influence MetS,
our logistic regression model did not reveal any significant association between adiponectin levels and MetS in
schizophrenia patients.

Conclusion: Our findings highlight the need for more studies focusing on serum adiponectin level and its re-
lationship with MetS in schizophrenia, particularly in those taking typical antipsychotics.

1. Introduction

Frankenberg et al., 2017). Among the adipokines, adiponectin is the
most abundantly expressed (Maeda et al., 1996) and circulates at re-

A growing body of studies has highlighted the increased prevalence
of various metabolic abnormalities in the schizophrenia population,
including dyslipidaemia, hypertriglyceridaemia, hypertension, im-
paired fasting glucose and central obesity, which form the metabolic
syndrome (De Hert et al., 2006). There is increasing interest in the role
of adipokines in the development of these metabolic abnormalities in
schizophrenia (Beumer et al., 2012). Human adipose tissue is now
known to be not just a passive structure for energy storage, but an
active endocrine organ secreting these biologically active proteins
known as adipokines (Ouchi et al., 2011). Adipokines have been sug-
gested to play a major role in influencing energy and vascular home-
ostasis as well as immune response (Rosen and Spiegelman, 2006;

latively high concentrations, accounting for up to 0.05% of total serum
protein (Lihn et al., 2005).

Overall, adiponectin is thought to play a beneficial role in lipid and
glucose metabolism (Jung and Choi, 2014). The secretion of adipo-
nectin is altered with changes in adipose tissues. This affects endocrine
balance, which may contribute to metabolic abnormalities (DeClercq
et al., 2013). Lower adiponectin levels have been associated with raised
triglycerides, central obesity and type 2 diabetes (Cnop et al., 2003;
Nayak et al., 2010). Ethnic and intra-ethnic variations exist, with lower
adiponectin levels found in Chinese people, as compared with Eur-
opean, aboriginal and South Asian people (Mente et al., 2010). In the
Singapore Chinese cohort from the Singapore Chinese Health Study,
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adiponectin was associated with type 2 diabetes, but did not improve
discrimination for diabetes beyond traditional risk factors and glucose
markers (Wang et al., 2018), unlike in the Hong Kong Chinese cohort
(Woo et al., 2012).

A pooled analysis of individuals with schizophrenia showed that
adiponectin levels were not significantly different from those in healthy
controls. Although those taking second-generation antipsychotics were
shown to have lower serum adiponectin levels than healthy controls in
subanaylses (Bartoli et al., 2015), the serum adiponectin levels of in-
dividuals on first-generation antipsythotics were not compared with
those on second-generation antipsychotics or mixed treatment. Fur-
thermore, while several studies have looked into the associations be-
tween serum adiponectin level and metabolic parameters in individuals
with schizophrenia, few have explored its association with the presence
of metabolic syndrome (MetS) while accounting for factors like the type
of antipsychotic medication, the antipsychotic dose and duration,
which are important considerations in the schizophrenia group
(Beumer et al., 2012; Bartoli et al., 2015; Oral et al., 2011; Paredes
et al., 2014). MetS has been linked with higher risks of developing
cardiovascular disease (Sarafidis and Nilsson, 2006), which is one of the
leading contributors to the higher mortality rates among people who
suffer from schizophrenia, as compared with the general population
(Lawrence et al., 2010; Westman et al., 2017; Lin et al., 2018).

Therefore, the primary aim of this study is to determine the serum
adiponectin levels of Chinese patients diagnosed with schizophrenia.
The secondary aim is to explore the relationship between adiponectin
levels and cardiovascular risk factors, including MetS and its compo-
nents. We hypothesize that serum adiponectin levels are similar in
patients with schizophrenia as compared with healthy controls, but
decreased amongst patients on atypical antipsychotic medications.

2. Methods
2.1. Recruitment

Study participants were recruited from outpatient clinics at the
Institute of Mental Health (IMH) in Singapore, the only psychiatric
hospital in the country, between 2010 and 2011. The patients recruited
fulfilled the following criteria: they were (a) of Chinese ethnicity, (b)
aged 21 and above, (c) fulfilled the DSM-IV-TR diagnosis for schizo-
phrenia, and (d) had no history of intellectual disability. All controls,
recruited via referrals and advertisements, were community-dwelling
individuals with no history of psychiatric disorders. Information related
to the study was explained to all study participants, and only in-
dividuals who were capable of providing written informed consent
were recruited. Ethics approval was given by the National Healthcare
Group’s Domain Specific Review Board.

2.2. Data collection

Demographic information and current smoking status were ob-
tained from all study participants through interviews by a trained in-
vestigator. Medical records were reviewed to collect medical histories
of patients with schizophrenia, which included the age of onset of ill-
ness, defined as the age at first onset of psychotic symptoms, and the
duration of illness, defined as the duration from the onset of the first
psychotic symptom to the date of recruitment. The current anti-
psychotic prescriptions and doses, as well as the duration of anti-
psychotic treatment were obtained from the medication administration
records in our computerised database system. The current daily anti-
psychotic dosages were converted into total chlorpromazine equiva-
lents (Woods, 2003). Additional medical histories, including informa-
tion on current medications and supplements were self-reported by
healthy controls during the research interview. For information that
was not readily available, follow-up phone calls were made to clarify
the information with the study participants.
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2.3. Subject assessment

The diagnosis of schizophrenia was determined based on the
Structured Clinical Interview for DSM-IV-TR Axis I Disorders, Patient
Edition (SCID-I/P) (First et al., 2002a). Clinical symptoms of all parti-
cipants with schizophrenia were assessed using the Positive and Ne-
gative Syndrome Scale (PANSS) (Kay et al., 1987) by a single trained
psychiatrist at the time of interview. Controls were assessed using the
SCID-I, Non-patient Edition (SCID-I/NP) (First et al., 2002b) to ascer-
tain that they had no history of psychiatric disorders at the time of
recruitment.

All study participants were reminded to fast for 8 h prior to their
blood tests and this was verified prior to sample collection. Fasted ve-
nous blood samples were collected from all study participants into
serum separating tubes (SST). Fasting levels of glucose, total choles-
terol, high-density lipoprotein cholesterol (HDL-C), low-density lipo-
protein cholesterol (LDL-C) and triglycerides were measured with
analyser LX-20PRO (Beckman Coulter, Germany). Serum adiponectin
levels were measured using commercially available Bioplex assays
(Biorad, USA). Briefly, serum samples were diluted 1:4 in sample di-
luents provided and ran in duplicates according to the instruction’s
manuals. Height, weight and blood pressure measurements were taken
using automated scales. Blood pressure was measured with subjects
seated after at least 2min of resting time, using an automated blood
pressure machine (Welch Allyn). Waist circumference was measured
with subjects standing, at the mid-point between the lower margin of
the last palpable rib and the top of the iliac crest.

2.4. Metabolic syndrome

Participants were determined to have MetS based on the American
Heart Association/National Heart, Lung, and Blood institute (AHA/
NHLBI) criteria (Grundy et al., 2005); if they fulfilled at least 3 of the
following criteria: (a) elevated triglycerides (=1.7 mmol/L or on drug
treatment for elevated triglycerides), (b) reduced HDL-C
(< 1.03mmol/L in males and 1.3mmol/L in females or on drug
treatment for reduced HDL-C), (c) elevated blood pressure (=130
mmHg SBP or =85 mmHg diastolic blood pressure (DBP) or on treat-
ment for hypertension), (d) raised fasting glucose (=5.6 mmol/L or
currently on treatment for diabetes), and (e) central obesity as defined
by the Asian criteria (waist circumference =90 cm for males and
>80 cm for females), which has been validated in Singapore (Heng
et al., 2006).

2.5. Statistical analyses

Statistical analyses were performed using the Statistical Package for
Social Science (SPSS) for Macintosh, Version 25.0 (Armonk, NY: IBM
Corp.). Descriptive analyses were tabulated for patients and controls.
Comparisons of categorical variables were made using chi-squared
tests, while comparisons of continuous variables were performed using
student’s t-tests for variables that were normally distributed, and Mann-
Whitney U and Kruskal-Wallis tests for variables that were not normally
distributed. As the distribution of triglyceride and adiponectin levels
were positively skewed, they were logarithmically transformed for
further analyses.

To determine whether there was a difference in metabolic para-
meters and adiponectin level between the types of antipsychotics (ca-
tegorised into those on typical antipsychotics alone, atypical anti-
psychotics alone, and those on mixed treatment), univariate analysis of
variance was performed, followed by Tukey’s post-hoc tests for sub-
group comparisons. Pearson’s correlation was used to investigate the
correlations between serum adiponectin level and various metabolic
indices, and partial correlations were determined after adjusting for
age, gender and body mass index (BMI), which have been previously
shown to affect serum adiponectin levels (Cohen et al., 2011; Obata
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Table 1
Demographics and metabolic characteristics of patients and controls.
Patients Controls p-value
(n = 81) (n = 81)
Age in years, mean (SD) 36.19 (7.65) 35.94 (7.92) 0.840
Gender, n (%) 0.872
Male 50 (61.7%) 49 (60.5%)
Female 31 (38.3%) 32 (39.5%)
Smoker, n (%) 20 (24.7%) 8 (9.9%) 0.013
Years of smoking, mean (SD) 13.20 (8.12) 13.62 (7.15) 0.893
Number of cigarettes per day, 14.00 (8.37) 6.13 (2.03) 0.001
mean (SD)
BMI (kg/m?), mean (SD) 25.87 (5.16) 25.20 (4.61) 0.383

Waist circumference (cm), mean 89.57 (11.64) 0.029
(SD)
SBP (mmHg), mean (SD)

DBP (mmHg), mean (SD)

93.49 (11.00)

123.40 (13.06)
80.11 (10.08)

127.25 (20.43) 0.154
81.04 (13.18) 0.616

Glucose (mmol/L), mean (SD) 5.46 (0.85) 5.47 (1.38) 0.984

Total cholesterol (mmol/L), mean 5.28 (1.00) 5.55 (0.88) 0.072
(SD)

Triglycerides (mmol/L), median 1.27 111 0.503
(IQR) (0.78-1.81) (0.68-1.86)

HDL-C (mmol/L), mean (SD) 1.26 (0.37) 1.27 (0.37) 0.847

LDL-C (mmol/L), mean (SD) 3.38 (0.88) 3.67 (0.76) 0.028

Adiponectin (ug/ml), median 2.44 2.79 0.606
(IQR) (1.72-4.34) (1.59-3.74)

Adiponectin in males (ug/ml), 2.36 2.07 0.334
median (IQR) (1.53-4.30) (1.44-3.51)

Adiponectin in females (ug/ml), 2.73 3.46 0.306
median (IQR) (1.83-4.80) (2.36-5.35)

SD: standard deviation, IQR: interquartile range, BMI: body mass index, SBP:
systolic blood pressure, DBP: diastolic blood pressure, HDL-C: high density li-
poprotein-cholesterol, LDL-C: low density lipoprotein-cholesterol.

* p < 0.05.

et al., 2013; Okauchi et al., 2009; Saltevo et al., 2009). Logistic re-
gression was performed with metabolic syndrome as the dichotomous
dependent variable, to assess the effect of serum adiponectin level after
controlling for important variables including age, gender, BMI and
smoking status (Kotani et al., 2012; Malhotra et al., 2013) as well as
other clinical factors that have been thought to influence MetS in-
cluding the type of antipsychotics (Pramyothin and Khaodhiar, 2010),
antipsychotic dose(Lieberman, 2004) and duration of illness (Almeras
et al.,, 2004; Grover et al., 2012). Statistical significance was set at
p < 0.05 for all analyses.

3. Results
3.1. Sample characteristics

81 patients and 81 controls were recruited into the study. Table 1
shows the demographics and clinical variables of our study partici-
pants. There were no significant differences in age, gender and BMI
between patients and controls recruited. There were significantly more
smokers amongst the patients with schizophrenia, as compared with
controls (p = 0.013). The patients had a mean duration of 11.58
(+£7.21) years of illness and 11.48 ( = 7.11) years of psychiatric
treatment. 34.6% of them were on typical antipsychotics, 38.3% on
atypical antipsychotics, and 37.2% on both. The mean total PANSS
score for the patients was 39.6 ( = 9.1) and mean chlorpromazine
equivalent dose was 280.01 ( = 261.11) mg. There was no significant
difference in median adiponectin level in patients with schizophrenia as
compared with controls (p = 0.606).

3.2. Associations between adiponectin and type of antipsychotics

Table 2 shows the comparisons of metabolic parameters between
antipsychotic types. Of these metabolic parameters, pairwise compar-
isons revealed that those on typical antipsychotics alone had
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significantly higher triglyceride levels than those on mixed typical and
atypical antipsychotics (p = 0.035). There was also a significant dif-
ference in lg adiponectin levels between those taking typical anti-
psychotics alone, atypical antipsychotics alone, and those on both ty-
pical and atypical antipsychotics (F(2,78) = 5.002, p = 0.009). Lg
adiponectin level was significantly lower in those taking typical anti-
psychotics alone, as compared to those on mixed treatment
(p = 0.006), but not significantly lower than those taking atypical an-
tipsychotics alone (p = 0.233). There was also no significant difference
between the 1g adiponectin levels of those on atypical antipsychotics
alone, as compared with those on mixed treatment (p = 0.215).

3.3. Associations between adiponectin and metabolic indices

In the schizophrenia group, after controlling for age, gender and
BMI, serum adiponectin level was positively correlated with HDL-C
level, and negatively correlated with DBP, total cholesterol, LDL-C, and
triglyceride levels (Table 3). Amongst the controls, the serum adipo-
nectin level controlled for age, gender and BMI was only significantly
correlated with HDL-C and triglyceride levels, and not DBP, total-cho-
lesterol, or LDL-C levels (Table 4).

3.4. Serum adiponectin levels and metabolic syndrome

Patients with schizophrenia who had MetS had significantly lower
adiponectin levels (1.87 ug/ml, IQR = 1.52-2.81) than those without
(3.35 ug/ml, IQR = 1.97-5.78, p < 0.001). Furthermore, in the schi-
zophrenia group, as illustrated in Fig. 1, serum adiponectin levels de-
creased as the number of MetS components increased (p < 0.001).
However, in our logistic regression analysis, after adjusting for age,
gender, BMI, smoking status, taking atypical antipsychotics, anti-
psychotic dose and duration of illness, the association of serum adipo-
nectin level and the presence of MetS was not significant (OR = 0.696,
95% CI = 0.445-1.088, p = 0.112).

4. Discussion

Our results showed that serum adiponectin level was not sig-
nificantly decreased in people with schizophrenia as compared with
controls. This was in keeping with previous findings(Bartoli et al.,
2015). Interestingly, those on typical antipsychotics alone had lower
serum adiponectin levels as compared with those on both typical and
atypical antipsychotics. The reason for this finding is unclear, although
we note that comparisons of metabolic parameters between the two
groups revealed that those taking typical antipsychotics alone had
significantly higher triglyceride levels. One study that had investigated
into the serum adiponectin levels of those taking typical antipsychotics
found no significant differences in the type of antipsychotic medication
on serum adiponectin level (Beumer et al., 2012). While second-gen-
eration antipsychotics have been frequently associated with metabolic
side effects (Pramyothin and Khaodhiar, 2010; Riordan et al., 2011),
the role of typical antipsychotics in the MetS epidemic is not to be
neglected (de Leon, 2008). Findings of serum adiponectin levels in
drug-naive individuals with schizophrenia as compared with controls
have been mixed (Cohn et al., 2006; Song et al., 2013), but we were
unable to draw such comparisons as all of our study participants were
on antipsychotic medications.

Our findings of positive correlations between serum adiponectin
level (controlled for age, gender and BMI,) with HDL-C level, and ne-
gative correlations with total cholesterol, LDL-C and triglyceride levels
among the schizophrenia patients echoed previous studies in the schi-
zophrenia group (Chen et al., 2011, 2018). Adiponectin has been shown
to act as a regulator of energy homeostasis, through the activation of
adenosine monophosphate activated protein kinase (AMPK) in the
skeletal muscles and the liver. AMPK activation decreases de novo li-
pogenesis, and increases glucose transport and fatty acid oxidation in
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Table 2

Comparisons of various metabolic parameters across types of antipsychotics.
Metabolic Parameter Typical Atypical Mixed p-value
BMI (kg/mz), mean (SD) 26.23 (4.99) 26.56 (5.68) 24.44 (4.52) 0.311
Waist circumference (cm), mean (SD) 95.57 (10.80) 92.68 (12.86) 92.00 (8.15) 0.461
SBP (mmHg), mean (SD) 124.68 (14.01) 124.55 (10.77) 120.09 (14.68) 0.387
DBP (mmHg), mean (SD) 83.07 (10.71) 78.45 (8.49) 78.68 (10.90) 0.158
Total cholesterol (mmol/L), mean (SD) 5.30 (1.00) 5.38 (0.85) 5.11 (1.18) 0.633
Triglycerides” (mmol/L), mean (SD) 1.71 (1.04) 1.31 (0.72) 1.09 (0.45) 0.033
HDL-C (mmol/L), mean (SD) 1.12 (0.30) 1.33 (0.41) 1.34 (0.37) 0.039
LDL-C (mmol/L), mean (SD) 3.38 (0.90) 3.45 (0.67) 3.27 (1.13) 0.781
Glucose (mmol/L), mean (SD) 5.70 (0.89) 5.41 (0.89) 5.23 (0.70) 0.134
Adiponectin® (ug/ml), mean (SD) 2.48 (1.60) 3.21 (2.10) 4.28 (2.81) 0.009

SD: standard deviation, BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, HDL-C: high density lipoprotein-cholesterol, LDL-C: low

density lipoprotein-cholesterol.
? Values were log-transformed before statistical analysis.
* p < 0.05.

Table 3
Correlations of serum adiponectin® levels with various metabolic indices in
patients with schizophrenia.

Metabolic Parameter Pearson’s p-value Partial® p-value
BMI —0.455 < 0.001" - -

Waist circumference —0.410 < 0.001" —0.097 0.398
SBP —0.408 < 0.001 —0.210 0.065
DBP —0.359 0.001 —0.235 0.038
Total cholesterol —0.209 0.061 —0.244 0.032"
Triglycerides® —0.626 < 0.001" —0.481 < 0.001
HDL-C 0.520 < 0.001 0.392 < 0.001
LDL-C -0.215 0.055 —0.257 0.024"
Glucose —0.289 0.009 —0.188 0.098

BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood
pressure, HDL-C: high density lipoprotein-cholesterol, LDL-C: low density li-
poprotein-cholesterol.

@ Values were log-transformed before statistical analysis.

> Adjusted for age, gender and body mass index.

* p < 0.05.

Table 4
Correlations of serum adiponectin® levels with various metabolic indices in
controls.

Metabolic Parameter Pearson’s p-value Partial” p-value
Body mass index —0.360 0.001 - -

Waist circumference —0.386 < 0.001" —0.090 0.431
SBP —0.190 0.089 0.025 0.831
DBP —0.281 0.011 —-0.078 0.497
Total cholesterol -0.119 0.291 —0.081 0.479
Triglycerides® —0.473 < 0.001" —0.350 0.002"
HDL-C 0.528 < 0.001 0.403 < 0.001
LDL-C —-0.193 0.092 —0.152 0.196
Glucose —0.090 0.425 0.031 0.789

BMIL: body mass index, SBP: systolic blood pressure, DBP: diastolic blood
pressure, HDL-C: high density lipoprotein-cholesterol, LDL-C: low density li-
poprotein-cholesterol.

# Values were log-transformed before statistical analysis.

> Adjusted for age, gender and body mass index.

* p < 0.05.

peripheral tissues (Tomas et al., 2002). The inverse correlation found
between age, gender and BMI-adjusted serum adiponectin level and
DBP in our schizophrenia patients can also be explained. Reports in the
general population had similarly indicated an inverse association be-
tween serum adiponectin levels and hypertension (Iwashima et al.,
2004). Circulating adiponectin accumulates in vascular endothelial
cells damaged in hypertension, and modulates the endothelial in-
flammatory response to vascular injury through its anti-inflammatory
and anti-atherogenic properties (Orchard et al., 2003). Through AMPK

activation, adiponectin stimulates the synthesis of nitric oxide, which is
an important endothelial factor and potent vasodilator (Morrow et al.,
2003). There were several correlations between serum adiponectin
level and metabolic parameters that appeared to reach a level of sig-
nificance only in the schizophrenia group, but not the healthy controls
in our study. The reason for this is unclear but it is a phenomenon that
had been previously described (Tanyanskiy et al., 2015), and postulated
to be related to modulatory effects of antipsychotics on the metabolic
effects of adipokines (Oh et al., 2011).

Previous studies had shown decreased serum adiponectin levels in
schizophrenia patients with MetS as compared to those without MetS
(Hanssens et al., 2008), and this was also observed in our study. The
focus on MetS in its entirety, defined as 3 or more of 5 metabolic de-
rangements (Alberti et al., 2006) described earlier, is of particular im-
portance as its presence had been shown to be useful in identifying
individuals at risk of developing cardiovascular disease (Sarafidis and
Nilsson, 2006). Furthermore, we demonstrated a trend of decreasing
adiponectin levels with increasing MetS components. The effects of
adiponectin on hypertension and dyslipidaemia have been described
above. Additionally, an accumulation of visceral abdominal fat reduces
the production of adiponectin and activates hepatic gluconeogenesis,
which then reduces insulin sensitivity in the muscle and liver, resulting
in increased glucose levels (Berg et al., 2001; Combs et al., 2001). These
mechanisms explain the association of decreased adiponectin levels
with central obesity and diabetes, which are the other components in
MetS (Alberti et al., 2006).

We found that serum adiponectin level was not significantly asso-
ciated with the presence of MetS after controlling for important vari-
ables including age, gender, BMI, smoking, taking atypical anti-
psychotics alone, antipsychotic dose and duration of illness. To the best
of our knowledge, only one study had found that after adjusting for
variables including age, gender, BMI, antipsychotic dose, duration of
illness, and concomitant use of mood stabilizers, serum adiponectin
level was a potential biomarker for MetS in patients with schizophrenia,
although all the study participants were on clozapine and no controls
were studied (Bai et al., 2007). A possible reason for the difference in
our findings could be that participants in our study were on a range of
antipsychotic medications. Clozapine has been frequently highlighted
to be highly associated with diabetes, dyslipidaemia, obesity and MetS
(Lieberman, 2004; Papanastasiou, 2013). More studies on serum adi-
ponectin levels and the presence of MetS in the schizophrenia group
taking other antipsychotic medications, especially typical antipsychotic
medications, would be helpful to better evaluate this association.

The strength of our study lies in our recruitment of participants with
schizophrenia from a single site, and controls from the same base po-
pulation. It improved the reliability of our data collection and analyses.
All blood samples from both patients and controls were collected after
an overnight fast, and processed and analysed in a central laboratory,
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Fig. 1. Comparisons of mean adiponectin levels across the number of metabolic syndrome components in patients with schizophrenia.

minimising erroneous results that could arise due to poor sample col-
lection and inter-laboratory variations. All participants were also as-
sessed with the SCID-I and on the PANSS by a single trained psychia-
trist, eliminating the possibility of inter-rater variation. However, the
cross-sectional nature of our study limits any causal link that could be
drawn from our examination of the association between serum adipo-
nectin levels and MetS in patients with schizophrenia. The participants
recruited in this study were Chinese patients who were able to provide
informed consent, so our findings may not be generalizable to other
ethnic groups, or the more severely-ill individuals with schizophrenia.
Other possible confounding factors that might have effects on serum
adiponectin levels like diet and exercise (Mantzoros et al., 2006;
Wycherley et al., 2010) were also not evaluated in our study.

In conclusion, we found similar serum adiponectin levels in Chinese
schizophrenia patients and controls, and an interesting finding of de-
creased serum adiponectin levels in patients on typical antipsychotics
alone as compared with those on mixed treatment. Although serum
adiponectin level was significantly decreased in schizophrenia patients
with MetS, with decreasing adiponectin levels as the number of MetS
components increased, this association was no longer significant when
controlling for age, gender, BMI and other important variables that
have been thought to influence the presence or absence of MetS. While
serum adiponectin level had been previously evaluated as a potential
biomarker for MetS, most of these analyses were performed in patients
taking only atypical antipsychotics, specifically clozapine and olanza-
pine (Chen et al., 2018; Bai et al., 2007). Our findings highlight the
need for more longitudinal studies investigating into the serum adipo-
nectin levels of individuals with schizophrenia who are on typical an-
tipsychotic medications as compared with those who are on atypical
antipsychotics, and evaluating the possible role of serum adiponectin
level as a biomarker of metabolic syndrome in schizophrenia after
controlling for variables including the type of antipsychotic medica-
tions.

Contributors
JL was involved in recruitment, data and sample collection. All

authors were involved in planning and execution of the data analysis.
All authors have read and approved the submission of this manuscript.

Role of funding source

This work was supported by the National Medical Research Council,
Singapore (NMRC/NIG/1017/2010).

Acknowledgements

We thank all research participants for their support in this study.
Conflict of interest

All authors have no conflict of interest.
References

Alberti, K.G., Zimmet, P., Shaw, J., 2006. Metabolic syndrome-a new world-wide defi-
nition. A Consensus Statement from the International Diabetes Federation. Diabet
Med 23 (5), 469-480.

Almeras, N., et al., 2004. Development of an atherogenic metabolic risk factor profile
associated with the use of atypical antipsychotics. J. Clin. Psychiatry 65 (4), 557-564.

Bai, Y.M,, et al., 2007. Adiponectin as a potential biomarker for the metabolic syndrome
in Chinese patients taking clozapine for schizophrenia. J. Clin. Psychiatry 68 (12),
1834-1839.

Bartoli, F., et al., 2015. Plasma adiponectin levels in schizophrenia and role of second-
generation antipsychotics: a meta-analysis. Psychoneuroendocrinology 56, 179-189.

Berg, A.H., et al., 2001. The adipocyte-secreted protein Acrp30 enhances hepatic insulin
action. Nat. Med. 7 (8), 947-953.

Beumer, W., et al., 2012. Increased level of serum cytokines, chemokines and adipokines
in patients with schizophrenia is associated with disease and metabolic syndrome.
Psychoneuroendocrinology 37 (12), 1901-1911.

Chen, P.Y,, et al., 2011. Association of plasma retinol-binding protein-4, adiponectin, and
high molecular weight adiponectin with metabolic adversities in patients with schi-
zophrenia. Prog. Neuropsychopharmacol. Biol. Psychiatry 35 (8), 1927-1932.

Chen, V.C., et al., 2018. Leptin/adiponectin ratio as a potential biomarker for metabolic
syndrome in patients with schizophrenia. Psychoneuroendocrinology 92, 34—40.

Cnop, M., et al., 2003. Relationship of adiponectin to body fat distribution, insulin sen-
sitivity and plasma lipoproteins: evidence for independent roles of age and sex.
Diabetologia 46 (4), 459-469.

Cohen, S.S., et al., 2011. Serum adiponectin in relation to body mass index and other
correlates in black and white women. Ann. Epidemiol. 21 (2), 86-94.

Cohn, T.A., et al., 2006. Insulin resistance and adiponectin levels in drug-free patients
with schizophrenia: a preliminary report. Can. J. Psychiatry 51 (6), 382-386.

Combs, T.P., et al., 2001. Endogenous glucose production is inhibited by the adipose-
derived protein Acrp30. J. Clin. Invest. 108 (12), 1875-1881.

De Hert, M.A., et al., 2006. Prevalence of the metabolic syndrome in patients with
schizophrenia treated with antipsychotic medication. Schizophr. Res. 83 (1), 87-93.

de Leon, J., 2008. Beyond the "hype" on the association between metabolic syndrome and


http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0005
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0005
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0005
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0010
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0010
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0015
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0015
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0015
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0020
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0020
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0025
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0025
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0030
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0030
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0030
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0035
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0035
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0035
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0040
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0040
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0045
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0045
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0045
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0050
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0050
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0055
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0055
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0060
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0060
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0065
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0065
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0070

Y.H. Tay and J. Lee

atypical antipsychotics: the confounding effects of cohort, typical antipsychotics,
severe mental illness, comedications, and comorbid substance use. J. Clin.
Psychopharmacol. 28 (2), 125-131.

DeClercq, V., et al., 2013. Modulation of cardiovascular function by adipokines.
Cardiovasc. Hematol. Disord. Drug Targets 13 (1), 59-72.

First, M.B., Spitzer, Robert L., Miriam, Gibbon, Williams, Janet B.W., 2002a. Structured
Clinical Interview for DSM-IV-TR Axis I Disorders, Research Version, Patient Edition.
(SCID-I/P). Biometrics Research, New York State Psychiatric Institute, New York.

First, M.B., Spitzer, Robert L., Miriam, Gibbon, Williams, Janet B.W., 2002b. Structured
Clinical Interview for DSM-IV-TR Axis I Disorders, Research Version, Non-patient
Edition. (SCID-I/NP). Biometrics Research, New York State Psychiatric Institute, New
York.

Frankenberg, A.D.V., Reis, A.F., Gerchman, F., 2017. Relationships between adiponectin
levels, the metabolic syndrome, and type 2 diabetes: a literature review. Arch.
Endocrinol. Metab. 61 (6), 614-622.

Grover, S., et al., 2012. Prevalence of metabolic syndrome in patients with schizophrenia
in India. Psychiatry Res. 200 (2-3), 1035-1037.

Grundy, S.M., et al., 2005. Diagnosis and management of the metabolic syndrome: an
american heart Association/National heart, lung, and blood institute scientific
statement: executive summary. Crit. Pathw. Cardiol. 4 (4), 198-203.

Hanssens, L., et al., 2008. A cross-sectional evaluation of adiponectin plasma levels in
patients with schizophrenia and schizoaffective disorder. Schizophr. Res. 106 (2-3),
308-314.

Heng, D., et al., 2006. Modification of the NCEP ATP III definitions of the metabolic
syndrome for use in Asians identifies individuals at risk of ischemic heart disease.
Atherosclerosis 186 (2), 367-373.

Iwashima, Y., et al., 2004. Hypoadiponectinemia is an independent risk factor for hy-
pertension. Hypertension 43 (6), 1318-1323.

Jung, U.J., Choi, M.S., 2014. Obesity and its metabolic complications: the role of adi-
pokines and the relationship between obesity, inflammation, insulin resistance,
dyslipidemia and nonalcoholic fatty liver disease. Int. J. Mol. Sci. 15 (4), 6184-6223.

Kay, S.R., Fiszbein, A., Opler, L.A., 1987. The positive and negative syndrome scale
(PANSS) for schizophrenia. Schizophr. Bull. 13 (2), 261-276.

Kotani, K., et al., 2012. Adiponectin and smoking status: a systematic review. J.
Atheroscler. Thromb. 19 (9), 787-794.

Lawrence, D., Kisely, S., Pais, J., 2010. The epidemiology of excess mortality in people
with mental illness. Can. J. Psychiatry 55 (12), 752-760.

Lieberman, J.A., 2004. 3rd, Metabolic changes associated with antipsychotic use. Prim.
Care Companion J. Clin. Psychiatry 6 (Suppl 2), 8-13.

Lihn, A.S., Pedersen, S.B., Richelsen, B., 2005. Adiponectin: action, regulation and as-
sociation to insulin sensitivity. Obes. Rev. 6 (1), 13-21.

Lin, J.J., et al., 2018. Leading causes of death among decedents with mention of schi-
zophrenia on the death certificates in the United States. Schizophr. Res. 197,
116-123.

Maeda, K., et al., 1996. cDNA cloning and expression of a novel adipose specific collagen-
like factor, apM1 (AdiPose most abundant Gene transcript 1). Biochem. Biophys. Res.
Commun. 221 (2), 286-289.

Malhotra, N., et al., 2013. Metabolic syndrome in schizophrenia. Indian J. Psychol. Med.
35 (3), 227-240.

Mantzoros, C.S., et al., 2006. Adherence to the Mediterranean dietary pattern is positively
associated with plasma adiponectin concentrations in diabetic women. Am. J. Clin.
Nutr. 84 (2), 328-335.

Mente, A., et al., 2010. Ethnic variation in adiponectin and leptin levels and their asso-
ciation with adiposity and insulin resistance. Diabetes Care 33 (7), 1629-1634.
Morrow, V.A., et al., 2003. Direct activation of AMP-activated protein kinase stimulates
nitric-oxide synthesis in human aortic endothelial cells. J. Biol. Chem. 278 (34),

31629-31639.

Asian Journal of Psychiatry 43 (2019) 1-6

Nayak, B.S., et al., 2010. Plasma adiponectin levels are related to obesity, inflammation,
blood lipids and insulin in type 2 diabetic and non-diabetic Trinidadians. Prim. Care
Diabetes 4 (3), 187-192.

Obata, Y., et al., 2013. Relationship between serum adiponectin levels and age in healthy
subjects and patients with type 2 diabetes. Clin. Endocrinol. (Oxf.) 79 (2), 204-210.

Oh, K.J., etal., 2011. Atypical antipsychotic drugs perturb AMPK-dependent regulation of
hepatic lipid metabolism. Am. J. Physiol. Endocrinol. Metab. 300 (4), E624-32.

Okauchi, Y., et al., 2009. Changes in serum adiponectin concentrations correlate with
changes in BMI, waist circumference, and estimated visceral fat area in middle-aged
general population. Diabetes Care 32 (10), e122.

Oral, E., et al., 2011. The effects of atypical antipsychotic usage duration on serum adi-
ponectin levels and other metabolic parameters. Eurasian J. Med. 43 (1), 39-44.

Orchard, T.J., et al., 2003. Insulin resistance-related factors, but not glycemia, predict
coronary artery disease in type 1 diabetes: 10-year follow-up data from the Pittsburgh
Epidemiology of Diabetes Complications Study. Diabetes Care 26 (5), 1374-1379.

Ouchi, N., et al., 2011. Adipokines in inflammation and metabolic disease. Nat. Rev.
Immunol. 11 (2), 85-97.

Papanastasiou, E., 2013. The prevalence and mechanisms of metabolic syndrome in
schizophrenia: a review. Ther. Adv. Psychopharmacol. 3 (1), 33-51.

Paredes, R.M., et al., 2014. Metabolomic profiling of schizophrenia patients at risk for
metabolic syndrome. Int. J. Neuropsychopharmacol. 17 (8), 1139-1148.

Pramyothin, P., Khaodhiar, L., 2010. Metabolic syndrome with the atypical anti-
psychotics. Curr. Opin. Endocrinol. Diabetes Obes. 17 (5), 460-466.

Riordan, H.J., Antonini, P., Murphy, M.F., 2011. Atypical antipsychotics and metabolic
syndrome in patients with schizophrenia: risk factors, monitoring, and healthcare
implications. Am. Health Drug Benefits 4 (5), 292-302.

Rosen, E.D., Spiegelman, B.M., 2006. Adipocytes as regulators of energy balance and
glucose homeostasis. Nature 444 (7121), 847-853.

Saltevo, J., Kautiainen, H., Vanhala, M., 2009. Gender differences in adiponectin and low-
grade inflammation among individuals with normal glucose tolerance, prediabetes,
and type 2 diabetes. Gend. Med. 6 (3), 463-470.

Sarafidis, P.A., Nilsson, P.M., 2006. The metabolic syndrome: a glance at its history. J.
Hypertens. 24 (4), 621-626.

Song, X., et al., 2013. Elevated levels of adiponectin and other cytokines in drug naive,
first episode schizophrenia patients with normal weight. Schizophr. Res. 150 (1),
269-273.

Tanyanskiy, D.A., et al., 2015. Association of adipokines with metabolic disorders in
patients with schizophrenia: results of comparative study with mental healthy cohort.
Diabetes Metab. Syndr. 9 (3), 163-167.

Tomas, E., et al., 2002. Enhanced muscle fat oxidation and glucose transport by ACRP30
globular domain: acetyl-CoA carboxylase inhibition and AMP-activated protein ki-
nase activation. Proc. Natl. Acad. Sci. U. S. A. 99 (25), 16309-16313.

Wang, Y., et al., 2018. Plasma adiponectin levels and type 2 diabetes risk: a nested case-
control study in a Chinese population and an updated meta-analysis. Sci. Rep. 8 (1),
406.

Westman, J., et al., 2017. Increased cardiovascular mortality in people with schizo-
phrenia: a 24-year national register study. Epidemiol. Psychiatr. Sci. 27 (Oct. (5)),
519-527.

Woo, Y.C., et al., 2012. Combined use of serum adiponectin and tumor necrosis factor-
alpha receptor 2 levels was comparable to 2-hour post-load glucose in diabetes
prediction. PLoS One 7 (5), e36868.

Woods, S.W., 2003. Chlorpromazine equivalent doses for the newer atypical anti-
psychotics. J. Clin. Psychiatry 64 (6), 663-667.

Wycherley, T.P., et al., 2010. Long-term effects of weight loss with a very low carbohy-
drate and low fat diet on vascular function in overweight and obese patients. J.
Intern. Med. 267 (5), 452-461.


http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0070
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0070
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0070
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0075
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0075
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0080
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0080
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0080
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0085
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0085
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0085
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0085
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0090
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0090
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0090
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0095
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0095
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0100
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0100
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0100
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0105
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0105
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0105
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0110
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0110
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0110
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0115
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0115
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0120
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0120
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0120
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0125
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0125
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0130
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0130
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0135
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0135
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0140
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0140
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0145
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0145
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0150
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0150
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0150
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0155
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0155
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0155
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0160
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0160
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0165
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0165
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0165
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0170
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0170
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0175
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0175
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0175
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0180
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0180
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0180
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0185
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0185
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0190
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0190
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0195
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0195
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0195
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0200
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0200
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0205
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0205
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0205
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0210
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0210
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0215
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0215
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0220
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0220
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0225
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0225
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0230
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0230
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0230
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0235
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0235
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0240
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0240
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0240
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0245
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0245
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0250
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0250
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0250
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0255
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0255
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0255
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0260
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0260
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0260
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0265
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0265
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0265
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0270
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0270
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0270
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0275
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0275
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0275
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0280
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0280
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0285
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0285
http://refhub.elsevier.com/S1876-2018(19)30082-6/sbref0285

	The relationship between serum adiponectin levels, cardiometabolic indices and metabolic syndrome in schizophrenia
	Introduction
	Methods
	Recruitment
	Data collection
	Subject assessment
	Metabolic syndrome
	Statistical analyses

	Results
	Sample characteristics
	Associations between adiponectin and type of antipsychotics
	Associations between adiponectin and metabolic indices
	Serum adiponectin levels and metabolic syndrome

	Discussion
	Contributors
	Role of funding source
	Acknowledgements
	Conflict of interest
	mk:H1_19
	References




