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ABSTRACT

It has been suggested that immune-
inflammatory processes might be involved in the
etiopathogenesis of schizophrenia. Since growing
evidence indicates that adipokines strongly
modulate the course of immune response

and inflammatory processes, it is currently
suggested the contribution of those factors in
the etiology of schizophrenia as well. The aim

of this study was to determine the serum levels
of 4 adipokines—apelin, resistin, chemerin,

and omentin—in patients with schizophrenia

as compared with healthy subjects. Fifty-seven
adult patients with schizophrenia and 31 healthy
volunteers were included in this prospective
study. ELISA was used to measure the serum
concentration of resistin, apelin, omentin-1,

and chemerin. No difference in the mean
concentration of resistin (p=0.20) and chemerin
(p=0.30) between patients with schizophrenia
and the healthy group was observed. Apelin
concentration was significantly (p=0.004) lower
in patients with schizophrenia as compared
with controls. A significant difference in apelin
level between men with schizophrenia and
control group (p=0.04) was reported. Apelin
concentration was significantly correlated

with waist-to-hip ratio, whereas chemerin
concentration was significantly correlated with
the Positive and Negative Syndrome Scale G
score. There exists evidence that apelin might be
involved in the pathogenesis of schizophrenia.

INTRODUCTION

Schizophrenia (SCHZ), a severe, common
mental illness, which affects approximately
1% of the total population, is characterized
by hallucinations, delusions, cognitive defi-
cits, and formal thought disorders.! Although
there are many theories about the etiology
of SCHZ, its exact pathomechanism is still
not fully understood. A growing body of
evidence indicates that an imbalance in the
production of neurotransmitters, such as
serotonin, dopamine, glutamate, and y-am-
inobutyric acid, might play a role in the
pathogenesis of SCHZ. In patients with
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Significance of this study

What is already known about this subject?

» There is information that immune-
inflammatory processes might be involved
in the etiopathogenesis of schizophrenia.

» Growing evidence indicates that adipokines
strongly modulate the immune response
and inflammatory processes as they possess
proinflammatory, anti-inflammatory, and/or
immunoregulatory properties.

» Itis currently suggested that adipokines
may contribute to the pathogenesis of
schizophrenia.

What are the new findings?

» We have documented that subjects with
schizophrenia have significantly lower level
of apelin as compared with controls.

» We observed no difference in the mean
concentration of resistin and chemerin
between patients with schizophrenia and
the healthy group.

» We have found correlations between levels
of chemerin and clinical symptoms of
schizophrenia.

» We have found correlations between levels
of apelin and waist-to-hip ratio.

How might these results change the focus

of research or clinical practice?

» The present results provide support for the
hypothesis that apelin might be involved
in the pathogenesis of schizophrenia and
could potentially be used in the future as
a diagnostic, therapeutic or side effects
marker of schizophrenia.

SCHZ, changes in the expression level of
some neurotransmitter receptors, including
dopamine receptors (D1R; D2R), serotonin
receptors (SHT2A), or the alpha-7 nicotinic
receptor, were reported as well.>” Moreover,
alterations in neurotrophin synthesis are
now considered as the potential mechanism
responsible for the development of SCHZ.®
It is well recognized that patients
with SCHZ are more likely to develop

56

Koztowska E, et al. / Investig Med 2021;69:56—65. doi: 10.1136/jim-2020-001523

BMJ

yBuAdos Aq pajoaloid 1sanb Aq 120g ‘6T |1Udy UO /:3]1} WOlj Papeojumoq "020g 19gold0 BT UO £2GT00-0202-WI/9ETT 0T Se paysiiand 1s1y :paiN Busanu| ¢


http://jim.bmj.com/
http://orcid.org/0000-0002-1466-4321
http://orcid.org/0000-0002-1466-4321
http://crossmark.crossref.org/

Original research

Table 1 Clinical, laboratory and anthropometric characteristics of subjects

SCHZ HC
n=57 n=31
Clinical data
Smoking 34 (59.7%) 5(16.1%) P<0.001*
Smoking pack-year 9.2(12.2) 2.5(6.6)
(6.0t0 12.5) (0.1 t0 5.0)
Median 4 0 7=-3.99
P<0.001
Treatment duration (y) 15.4 (10.8) - -
(12.5t018.2)
Median 13 - -
Antipsychotic dose (DDD) 2.42 (1.13) - -
(21210 2.73)
Antipsychotic dose (CPZ eq) 728.6 (341.3) - -
(638.0 to 819.1)
Antipsychotics (n)
1 14 (24.5%) - -
2 36 (63.2%) - -
3 6 (10.5%) - -
4 1 (1.7%) - _
Medications
SGA 54 (94.7%) - -
FGA 20 (35.1%) - -
Antidepressants 7(12.3) - -
Mood stabilizers 22 (38.6%) - -
PANSS score
Total 68.1 (15.3) - -
(64.11072.2)
Positive subscore 15.9 (5.1) - -
(14.6t0 17.3)
Negative subscore 19.3 (5.0) - -
(18.0 t0 20.7)
General subscore 32.9(7.4) - -
(30.9 to 34.9)
CDSS score 3.0 (3.5) - -
(2.1103.9)
Laboratory parameters
CRP (mg/dL) 2.81(329) 3.87(8.33)
(1.94 10 3.69) (0.82 10 6.93)
Median 13 0.9 z=-1.24
P=0.21
Glucose (mg/dL) 94.3 (25.0) 87.8 (14.8)
(87.7 t0 101.0) (82.41093.2)
Median 91.4 86.1 z=-1.72
P=0.09
Total cholesterol (mg/dL) 192.7 (36.7) 207.5 (40.5) 1(86)=1.69
(183.0 to 202.5) (192.7 t0 222.4) P=0.10
HDL (mg/dL) 483 (14.2) 53.5(13.2) 1(86)=1.69
(44.6 t0 52.1) (48.6 to 58.3) P=0.10
LDL (mg/dL) 115.9 (32.7) 119.9 (35.5) 1(86)=0.51
(107.3 to 124.6) (106.8 to 132.9) P=0.61
Triglycerides (mg/dL) 133.1 (50.5) 0
(119.8 to 146.5)
Median 1336 1336 2=0.76
P=0.45
Anthropometric parameters
BMI (kg/m?) 28.2 (5.9) 25.9 (5.5)
(26.7 10 29.8) (23.9t0 27.9)
Median 26.9 25 7z=-1.85
P=0.06
WHR 0.96 (0.08) 0.87 (0.09) t(86)=-4.34
(0.94 t0 0.98) (0.83t0 0.91) P<0.001

Continued
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Table 1 Continued
SCHZ HC
n=57 n=31
Blood pressure: systolic (mm Hg) 125.2 (15.2) 131.0 (17.7) 1(86)=1.53
(121.2t0129.2) (124.5 t0 137.5) P=0.13
Blood pressure: diastolic (mm Hg) 79.8 (10.7) 82.9(11.0) t(86)=1.30
(76.9 to 82.6) (78.9 t0 87.0) P=0.20
Total body fat (%) 34.9 (8.3) 30.2 (8.9) 1(83)=-2.34
(32.6 t0 37.1) (26.8 10 33.6) P=0.02
Fat-free mass (%) 62.8 (8.9) 66.0 (8.5) 1(83)=1.60
(60.4 to 65.2) (62.8 t0 69.2) P=0.11
Visceral adipose tissue (%) 1.62 (0.93) 1.04 (0.93)
(1.37 10 1.88) (0.69 to 1.39)
Median 1.61 0.83 7=-2.83
P=0.005
FMI (kg/mz) 10.1 (4.2) 8.0 (4.1) 1(83)=-2.23
(9.0t0 11.4) (6.5 t0 9.6) P=0.03

Data presented as mean (SD) (95% Cl) or n (%).
*Fisher's exact test.

BMI, body mass index; CDSS, Calgary Depression Scale for Schizophrenia; CPZ eq, chlorpromazine equivalent; CRP, C-reactive protein; DDD, defined daily dose; FGA, first-generation
antipsychotic; FMI, fat mass index; HC, healthy controls; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PANSS, Positive and Negative Syndrome Scale; SCHZ,

schizophrenia; SGA, second-generation antipsychotic; WHR, waist-to-hip ratio.

cardiometabolic comorbidities, such as dyslipidemia,
obesity, metabolic syndrome, type 2 diabetes, and
cardiovascular diseases including hypertension, myocar-
dial infarction, or stroke. It is currently also established
that antipsychotics (especially second generation, such
as clozapine or olanzapine) play a significant role in the
development of cardiometabolic complications. Anti-
psychotics may dysregulate the level of adipokines by
influencing the hormonal pathways of energy homeo-
stasis and, as a consequence of this phenomenon, they
influence the impairment of lipid and glucose metab-
olism and the development of obesity. Additionally,
unhealthy lifestyle, that is, low-quality and high-sucrose
and fat diet, smoking, early-life stress, and low level of
physical activity, may strongly affect the development of
metabolic abnormalities in patients with SCHZ. There
is also growing evidence indicating a significant link
between immune-inflammatory imbalance and meta-
bolic syndrome in patients with SCHZ.” '

To date, some changes in the functioning of the
immune system have been observed in patients with
SCHZ.'"' There exists increasing evidence demon-
strating changes in the number of circulating immune
cells, including B and T lymphocytes, natural killer
cells, monocytes, and granulocytes occurring in the
course of SCHZ, as compared with healthy subjects. '3
Furthermore, multiple reports indicate that in patients
with SCHZ, the activity of cells engaged in immune-
inflammatory processes is altered. The expression level
of Toll-like receptors, molecules that in particular
regulate the immune cell sensitivity to alarmins, was
found to be changed in peripheral blood mononuclear
cells (PBMCs) obtained from patients with SCHZ.'*1¢
Also, differences in the ability to synthesize immuno-
regulatory cytokines/chemokines in response to various
stimuli were observed in PBMCs derived from patients
with SCHZ as compared with healthy subjects. Rapa-
port and Bresee reported significantly elevated inter-
leukin 2 (IL-2) production and reduced IL-6 synthesis
by PBMCs from patients with SCHZ in response to

mitogen stimulation.'” Similarly, Cazzullo et al docu-
mented the increased generation of IL-2 and interferon
gamma (IFN-y) by phytohemagglutinin-stimulated
PBMC:s in patients with SCHZ.'® Additionally, increased
PBMC sensitivity to lipopolysaccharide (LPS) stimula-
tion was observed in patients with SCHZ." In response
to LPS, enhanced synthesis of chemokines (ie, CCL2,
CCL3, and CXCL38) as well as cytokines (ie, IL-4, IL-18,
and IFN-y) by PBMCs, in contrast to reduced produc-
tion of another chemokine (ie, CCLS), was reported.”
It has been also observed that in the course of SCHZ
the serum levels of some humoral factors influencing
immune-inflammatory processes are altered. In partic-
ular, the concentrations of proinflammatory media-
tors, including C-reactive protein (CRP), cytokines (ie,
IL-1B, IL-6, tumor necrosis factor, IFN-y) and chemo-
kines (ie, CCL2, CCL4, CXCLS8, and CXCL10), were
elevated.””* Conversely, IL-17 and IL-10 levels were
found to be significantly reduced.”® 2’ Interestingly,
our previous study demonstrated a significantly lower
serum concentration of cathelicidin LL-37, a molecule
with proinflammatory activity, in patients with SCHZ in
comparison with healthy controls (HC).?®

Adipokines comprise a wide spectrum of biologically
active molecules, predominantly produced by adipo-
cytes. Some of them are also synthesized by multiple
other cells, such as hepatocytes, cardiomyocytes, muscle
cells, epithelial and endothelial cells as well as cells
of the immune system, that is, PBMCs, macrophages,
neutrophils, basophils, and mast cells. Adipokines
may act systemically as circulating hormones or may
locally influence various cell types. Therefore, they are
involved in the control of food intake, energy homeo-
stasis, lipid or glucose metabolism, and insulin sensi-
tivity.”” Interestingly, many adipokines are currently
known to play a crucial role also in other physiolog-
ical processes, since they may exert regulatory effects
on heart function, blood pressure, angiogenesis,
and adipogenesis.”’ Growing evidence indicates that
adipokines strongly modulate the immune response
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Figure 1 Comparison of serum (A) resistin, (B) apelin, and (C)
chemerin levels between patients with schizophrenia (SCHZ)
and healthy controls (HC) in the whole study group. Black lines
represent means; **p<0.01. NS, non-significant.

and inflammatory processes as they possess proinflam-
matory, anti-inflammatory, and/or immunoregulatory
properties.®® Since in the mechanism of various mental
disorders, the immune-inflammatory processes may
play an important role, it is currently suggested that
adipokines may as well contribute to the pathogenesis
of SCHZ. Keeping in mind that many metabolic disor-
ders develop in the course of SCHZ and that there is
now a growing interest about the role of adipokines in
the development of these conditions in SCHZ, the aim
of our study was to determine possible differences in
serum levels of 4 adipokines—apelin, with proinflam-
matory properties; resistin, chemerin, and omentin—all
3 with regulatory properties in patients with SCHZ as
compared with HC.

MATERIALS AND METHODS

Study subjects

Fifty-seven adult European Caucasian patients (aged 18—60
years) with paranoid SCHZ were recruited from psychi-
atric outpatient clinics. All subjects underwent a structured
interview according to the International Classification
of Diseases 10th Revision (ICD-10) and Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition
(DSM-1V) criteria of SCHZ. Patients with SCHZ with the
following results, that is, 295.30 according to DSM-IV
and F20.0 according to ICD-10, were included in this
prospective study (SCHZ group). HC group consisted of
31 randomly selected volunteers. They were interviewed
according to ICD-10-based standard, a semistructured
medical form routinely used in our hospital. Any subject
with a self-reported personal or familial psychiatric history,
or any previous psychiatric treatment, was excluded from
the study. All control subjects were physically, neurolog-
ically, and endocrinologically healthy and their results
for the following laboratory tests were in the reference
range: complete blood count, CRP, alanine aminotrans-
ferase, aspartate aminotransferase, thyroid-stimulating
hormone, bilirubin, urea, creatinine, and electrolyte level.
The exclusion criteria comprised the presence of immu-
nological disorders (eg, allergy, asthma, or AIDS), acute or
chronic inflammatory conditions (eg, pneumonia or rheu-
matoid arthritis), systemic diseases, or cancer. All subjects
enrolled in the study were informed about the objectives
and methods employed in this study and provided written
informed consent for participation.

Clinical assessments

The clinical symptoms of SCHZ were assessed in accordance
with the Positive and Negative Syndrome Scale (PANSS) and
its positive (P), negative (N), and general (G) subscales. The
severity of depressive symptoms was measured on the basis
of the Calgary Depression Scale for Schizophrenia (CDSS).

Laboratory tests

Venous blood samples were collected between 8:00 AM and
9:00 AM, after at least an 8-hour overnight fast into vacuum
tubes with clot activator and gel separator (serum separating
tubes). Immediately after collection, blood samples were
allowed to clot at room temperature for approximately 30
minutes. Subsequently, the serum was obtained by centrifu-
gation at 2500xg for 10 minutes. Serum glucose and lipid
levels were measured using a Dirui CS-400 analyzer (Dirui,
China). CRP serum level was assessed using latex-enhanced
immunoturbidimetry. For the measurement of adipokines,
the rest of the sera were immediately distributed in aliquots
and frozen at —80°C until the time of analysis. Sandwich
ELISA for quantitative detection of human adipokines was
used to measure the serum concentration of resistin (R&D
Systems, Minneapolis, MN, USA), apelin (Wuhan Fine
Biological Technology, Wuhan, China), omentin-1 (EIAab),
and chemerin (R&D Systems). All samples were assayed
in duplicate. Protocols were performed according to the
manufacturer’s instructions. The sensitivity of the assay was
0.026 ng/mL for resistin, <37.7 pg/mL for apelin, 0.051
ng/mL for omentin-1, and 4.13 pg/mL for chemerin. The
absorbance was measured on a Multiskan FC Microplate
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Photometer (Thermo Fisher Scientific, Waltham, MA, USA)
at 450 nm. All the samples were compared with the stan-
dard curve.

Anthropometry

Body height was measured with a wall-mounted height
measure with an accuracy of 0.5 cm. Body mass was
measured with a spring balance that was kept on a firm
horizontal surface. The subjects wore light clothing, stood
upright without shoes and their weight was recorded
with an accuracy of 0.5 kg. Body mass index (BMI) was
calculated as body weight (kg)/height (m)*. Waist and hip
circumferences were measured using a non-stretchable fiber
measuring tape. Waist-to-hip ratio (WHR) was calculated as
waist circumference divided by hip circumference.

Body composition

Body composition was measured using dual-energy X-ray
absorptiometry (DXA) with a Lunar iDXA scanner (GE
Healthcare, UK) and CoreScan V.15 software. Standard
operating conditions (including preparation of the subjects,
electrode placement, and measurement procedures) were
monitored by a trained operator. The DXA measurements
were performed immediately prior to anthropometry
measurements with subjects resting in a supine position.

Briefly, bioelectrical impedance analysis is based on
determining the electrical impedance of body tissues. This
method can be used to assess total body water content and
to estimate fat-free body mass and thus, the overall body
fat content, by calculating the difference with the body
weight. In DXA, 2 X-ray beams with different energy levels
are pointed at the patient. On the basis of differences in the
absorption, the presence of different tissue types, including
bone, muscle, and fat, can be identified.

DXA was used to measure total body fat (TBF), lean body
mass (LBM), visceral adipose tissue (VAT) mass, and VAT
volume. TBF and LBM were converted to the percentage
of total body mass. Fat mass index (FMI) was calculated
as TBF in kilograms divided by the square of the height in
meters (kg/m?).

Statistical analysis

We report all data exclusions (if any), all manipulations,
and all measures carried out in the study. Statistical analysis
was performed with STATA V.15.1 software (StataCorp,
USA). Continuous variables are presented as mean (SD)
(95% CI). For discrete variables, the number of patients
and percentages are given. The normality of distribution
was tested visually (histogram, normal probability plot)
and with the Shapiro-Wilk test. Variables with no normal
distribution are presented as medians and were compared
using the non-parametric Mann-Whitney test. We used
Pearson’s correlation for variables with normal distribution
and Spearman’s correlation for variables without normal
distribution. All 3 adipokines did not follow the normal
distribution, with apelin being strongly skewed to the left.
Therefore, prior to further analysis, concentrations of
apelin, resistin, and chemerin were log transformed. Log-
transformed data had kurtosis and skewness close to normal
distribution. Therefore, we presented both parametric t-test
for log-transformed variables and non-parametric tests

for non-transformed data. For all t-tests, we used unequal
variances, Welch’s t-test if necessary. All correlations were
pairwise and were confirmed using the bootstrap validation
technique (1000 replications). The level of significance was
set at p<0.05 (two sided). Additional details for statistical
analysis are given in the manuscript.

RESULTS

Fifty-seven patients with SCHZ and 31 healthy subjects
were enrolled in this study. The mean age was 39.6+10.8
years for patients with SCHZ and 37.2+10.4 years for HC.
All clinical, laboratory and anthropometric parameters of
the study groups are presented in detail in table 1.

In study and control groups, comparable values of
parameters measured in the clinical, laboratory, and anthro-
pometric tests were observed. Results of SCHZ group
treatment with first-generation and second-generation anti-
psychotics were highly heterogeneous. Unfortunately, in all
investigated samples (in patients with SCHZ and in HC),
levels of omentin-1 were undetectable in the concentrations
range (0.85-50ng/mL) of the ELISA test, which we used
in this study. For this reason, we excluded this adipokine
from further analysis. Other adipokines below detection
threshold included: resistin in 3 subjects (SCHZ: 1; HC: 2),
chemerin in 4 subjects (SCHZ: 2; HC: 2) and apelin in 18
subjects (SCHZ: 8; HC: 10). In the analysis, we included
subjects with at least 1 measured adipokine level.

Serum levels of adipokines in patients with SCHZ and
healthy group are shown in figure 1. The mean serum level
of resistin in patients with SCHZ and HC was 2.84+0.95
and 2.63+1.06 ng/mL, respectively. No statistically signif-
icant difference was observed in mean resistin concentra-
tion between these groups (p=0.20) (figure 1A). The mean
serum apelin level in patients with SCHZ and HC was
708.8+577.7and 1201.7+896.3 ng/mL, respectively. Also,
mean apelin concentration was significantly (p=0.004)
lower in patients with SCHZ as compared with HC (table 2
and figure 1B). In SCHZ group, the Cohen’s d effect size
for apelin was 0.72 (95% CI 0.19 to 1.24). Additionally, a
significant difference in mean serum apelin level between
men with SCHZ and control group (p=0.04) was observed
(table 3). The mean serum concentration of chemerin
was 3014.8+1076.2pg/mL in subjects with SCHZ, and
3226.0+1039.3 pg/mL in HC (figure 1C). However, the
difference was not statistically significant (p=0.30).

There was a significant difference in the percentage of
smokers and the severity of smoking between the study
and control groups. Therefore, we performed an analysis
involving a robust linear multiple regression model with
serum apelin level as the outcome and SCHZ and smoking
(pack-years) as predictors. Overall, the model was signif-
icant: F(3, 66)=12.87, p<0.001, R*=0.33, root mean
square error=601.66. No significant effect of SCHZ:
beta, ., =—0.07 (t=—0.60, p=0.55) and significant effects
of smoking: betasmoking=1.13 (t=4.28, p<0.001) and their
interaction: betaSCHz#smokmg=—1.33 (t=—4.75, p<0.001)
were observed. Further analysis of Bonferroni-adjusted
predictive margins showed that at fixed mean value (ie, 6.69
for smoking (pack-years)), there was a significant difference
in apelin level between both groups: SCHZ: 738.1 (95% CI
564.2 to 912.0) pg/mL and HC: 1528.6 (95% CI 1225.2 to
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Table 2 Differences in serum levels of apelin, resistin and chemerin in the whole study groups

SCHZ HC
n=57 n=31
Resistin (ng/mL) 2.84(0.95) 2.63 (1.06) (83)=-1.16
(2.59 to 3.09) (2.23 10 3.03) P=0.24*
Median 2.75 2.39 z=-1.30
P=0.20
Apelin (pg/mL) 708.8 (577.7) 1201.7 (896.3) 1(68)=3.03
(542.9 to 874.7) (793.7 t0 1609.7) P=0.003*
Median 559.3 792.5 7=2.88
P=0.004
Chemerin (pg/mL) 3014.8 (1076.2) 3226.0 (1039.3) 1(82)=0.79
(2723.9 t0 3305.7) (2830.6 to 3621.3) P=0.43*
Median 2142 3231 z=1.04
P=0.30

Data presented as mean (SD) (95% Cl).
*t-test for log-transformed data.
HC, healthy controls; SCHZ, schizophrenia.

1831.9) pg/mL (figure 2). Also, to confirm that the difference
in apelin levels is not only due to the intergroup difference
in smoking, we ran random sampling in the SCHZ group
to create random samples with the percentage of smokers
(16%) equal to the HC group. Comparison between these
groups confirmed significantly (¢(45)=2.15, p=0.018; one-
sided t-test for log-transformed data) lower apelin level in
the SCHZ group (818.6 (740.0) (95% CI 519.7 to 1117.4))
as compared with the HC group (1201.7 (896.3) (95% CI
793.7 to 1609.7)).

In our study, no statistically significant correlations
between serum levels of adipokines in the entire schizo-
phrenic and control groups were found (figure 3). Likewise,
there was no significant correlation between the level of
adipokines when the study group was divided with respect
to gender. Additionally, we observed that apelin concen-
tration was significantly correlated with WHR (r=-0.27,
p=0.03), but bootstrapping did not confirm significance
of this correlation (r=—-0.22, p=0.045 (95% CI —0.45 to
—0.005)). Similarly, we have found 1 significant correlation
between chemerin and PANSS G score (r=-0.30, p=0.04),
but again—it was not significant after bootstrapping
(r=—0.21, p=0.13 (95% CI —0.48 to 0.06)). There were
no other correlations or differences between individual
adipokine levels (p>0.05) and between resistin, apelin or
chemerin and age (p>0.05), smoking pack-years (p>0.05),
antipsychotic treatment duration (p>0.05), number of
SCHZ episodes (p>0.05), antipsychotic dose (p>0.05),

PANSS and CDSS scores (p>0.05), fasting glucose,
triglycerides and cholesterol (p>0.05), BMI (p>0.05), FMI
(p>0.05), WHR (p>0.05), blood pressure (p>0.05) or any
of the body composition parameters (p>0.05).

DISCUSSION

Currently, increasing evidence indicates that adipokines
are not only engaged in the control of energy homeo-
stasis and body metabolism. It has been suggested that
some adipokines may regulate various physiological and
pathophysiological processes, including cardiac function,
blood pressure, or angiogenesis and adipogenesis. Interest-
ingly, certain adipokines might serve as valuable predictive
markers for some pathological conditions. For example,
lower adiponectin level but increased leptin, chemerin,
and apelin levels might be indicators of developing insulin
resistance or type 2 diabetes mellitus.’' Additionally, the
increased systemic concentration of resistin and visfatin
but low level of omentin might serve as biological markers
suggesting the establishment of cardiovascular diseases.*>
There exist data indicating that leptin and adiponectin
may serve as a potential prognostic or predictive marker
for certain types of tumors.*> Moreover, the leptin/
adiponectin ratio may be a diagnostic biomarker of meta-
bolic syndrome in patients with SCHZ.** Importantly, both
these mediators strongly modulate the immune response
and inflammatory processes as well. Nowadays, extensive

Table 3 Concentration of adipocytokines in patients with schizophrenia and control group by sex

SCHZ HC t P value

Women n=21 n=11

Resistin (ng/mL) 2.75+1.01 (2.4) 2.85+1.14 (2.6) 0.203 0.84
Apelin (pg/mL) 848.73+826.75 (575.3) 1385.33+915.22 (1294) 1513 0.18
Chemerin (pg/mL) 2896.10+1109.74 (2577.0) 3270.90+1222.41 (3123) 1.875 0.09
Men n=36 n=20

Resistin (ng/mL) 2.89+0.92 (2.9) 2.49+1.01 (2.3) 0.681 0.50
Apelin (pg/mL) 627.56+357.79 (557.2) 1062+895.54 (765.2) 2211 0.04*
Chemerin (pg/mL) 3082.65+1066.86 (2822.0) 3198.50+947.54 (3436.0) 0.813 0.42

Data presented as mean+SD (median); *p<0.05.
HC, healthy controls; SCHZ, schizophrenia.
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evidence demonstrates an important role of adipokines in
the etiology, clinical presentation, and outcome of different
mental disorders. However, little data are still available
regarding these issues, whereas the existing reports describe
ambiguous results. It seems that we are at the beginning of
the understanding of adipokine importance in the mental
disorder pathogenesis.

Several scientific reports demonstrated that the level
of adiponectin, an adipokine with anti-inflammatory
properties, was lower in depressed patients as compared
with healthy subjects.®® *® Also, the serum concentration
of leptin, a proinflammatory adipokine, was reduced in
currently depressed subjects in comparison with controls.’”
On the contrary, Cakici et al indicated that patients with
major depressive disorder had an elevated level of leptin in
comparison to HC group.®® Lehto et al reported no differ-
ence in the serum level of proinflammatory adipokine (ie,
resistin) in patients with the major depressive disorder as
compared with the healthy group.” Additionally, the serum
concentration of immunoregulatory adipokine (ie, apelin)
was significantly elevated in subjects with depression in
contrast to the control group.® Likewise, in patients with
bipolar disorder, alterations in the level of some adipokines
were observed; however, the available data provide highly
inconsistent results. It has been reported that concentra-
tions of leptin, adiponectin, and resistin in patients with
bipolar disorder were increased or unchanged in compar-
ison with the control group.**** Moreover, no difference
in the serum level of ghrelin, an adipokine with immu-
noregulatory properties, between patients with bipolar
disorder and healthy subjects was observed.*! To the best
of our knowledge, so far a limited number of studies have
investigated the relationship between adipokine levels and
other mental disorders. In patients with autism spectrum
disorder, the plasma level of leptin was elevated, resistin
level was increased, adiponectin level was unaltered and
apelin level was reduced as compared with the control
group.** * Lower plasma concentration of adiponectin in

patients with panic disorder as compared with the HC was
documented as well.*®

So far, only a few studies investigating the relationship
between psychotic disorders and levels of adipokines have
been performed. BalotSev et al documented a decreased
serum leptin concentration in antipsychotic-naive patients
with first-episode psychosis, whereas Wang et al demon-
strated higher serum leptin level as compared with
HC.*”* Likewise, the data regarding leptin concentrations
in patients with SCHZ are highly inconsistent, since both
increased®® ¥°! and reduced®* serum levels of this adipo-
kine were documented in comparison with healthy subjects.
Additionally, Martorell et al reported that leptin levels were
higher in patients with the first-episode psychoses than in
the healthy subjects.”® Wysokinski and Dietrich-Muszalska
reported no difference in the level of fasting serum leptin
between patients with SCHZ and the control group.’*
Interestingly, Hosojima et al demonstrated that serum
leptin concentration in patients with SCHZ increased after
4 weeks of olanzapine treatment.> Also, a significantly
higher adiponectin level in the serum of schizophrenic
subjects as compared with HC was observed.*! 5° On the
contrary, some authors documented that the concentration
of adiponectin in patients with SCHZ was significantly
lower* 37 or unchanged® ** °* as compared with healthy
subjects. Additionally, Tsai et al reported no significant
difference in ghrelin serum level in schizophrenic subjects in
comparison with HC, whereas Hosojima et al demonstrated
a decrease in serum ghrelin concentration in patients with
SCHZ after 4 weeks of olanzapine treatment.’® ** More-
over, Sahpolat and Ari noted that the plasma nesfatin-1
level was lower in the patients with the first attack psychosis
than in the HC group; however, this result did not reach a
statistical significance.”

In our study, we assessed the serum level of 4 adipokines—
apelin, resistin, chemerin, and omentin—in patients with
SCHZ in comparison with HC. We found no difference in
the levels of resistin and chemerin between subjects with
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Figure 3  Correlation between serum adipocytokine levels in patients with schizophrenia (SCHZ) and healthy controls (HC).

SCHZ and HC, whereas the presence of omentin was not
detected. On the contrary, Sahpolat et al indicated that
plasma concentration of resistin in patients with first-episode
psychosis and chronic SCHZ was significantly higher than
in the controls.®® Additionally, BalétSev et al indicated that
drug-naive patients with first-episode psychosis had signifi-
cantly higher resistin levels than the patients with chronic
SCHZ.*” The most critical finding in our study is that
we found apelin concentration was significantly lower in
schizophrenic subjects than in the control group. Sahpolat
et al recently documented that individuals with SCHZ in
first-episode psychosis had higher plasma levels of apelin
than individuals with chronic SCHZ and control group.® It
is also worth noting that Catak et al reported a higher level
of serum apelin in patients with SCHZ treated with stable
doses of oral antipsychotic medication than in the control
group.®! It is worth mentioning that patients with SCHZ in
the study conducted by Catak et al had a very similar level
of apelin as in our study, which was however different with
respect to healthy subjects (in the control group of Catak

et al, apelin level was substantially lower as compared with
ours; exact apelin concentrations were not given in the
paper by Catak et al).*!

The observations that the apelin level in the course of
SCHZ may fluctuate seem to be very intriguing. It has
been reported that apelin and its receptor AP] are widely
expressed in neurons and oligodendrocytes of the central
nervous system. Therefore, this adipokine might be poten-
tially involved in the neuronal signaling pathways. Exten-
sive data indicate that apelin may exert neuroregenerative
and neuroprotective effects, as it inhibits neuronal apop-
tosis and reduces excitotoxicity. It has been documented
that apelin plays a role in inflammation-mediated neuronal
damage as well. Finally, it is worth noting that it also partici-
pates in hypothalamic-pituitary-adrenal axis regulation.®*"

Nonetheless, our study has some limitations in the context
of which our findings need to be interpreted carefully. First,
in this study there was a relatively low number of subjects.
Second, all subjects with SCHZ were on heterogeneous
treatment. It cannot be ruled out that antipsychotic drugs
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may have varied effects on in vivo synthesis of adipokines.
Therefore, studies with more homogeneous antipsychotic
therapy groups concerning individuals with SCHZ are
needed. Third, its cross-sectional design limits our abilities
to establish a causal relationship.

In conclusion, there exists evidence supporting the
concept that apelin might be involved in the pathogen-
esis of SCHZ. However, it is necessary to conduct further
studies in order to elucidate the relationship between
SCHZ and apelin, and to determine whether apelin level
could be used as a diagnostic, therapeutic or side effects
marker of SCHZ.

Contributors EK, AW, EBB and PZ conceived and designed the experiments.
AW and EK collected the sample information. EK and PZ performed the
experiments. EK, AW, and PZ analyzed the data. EK, PZ, AW, and EBB wrote
the manuscript.

Funding This study was financially supported by the Medical University of
Lodz (grant numbers 503/6-164-01/503-61-001 and 503/6-164-01/503-66-
001).

Competing interests None declared.
Patient consent for publication Not required.

Ethics approval The study protocol was approved by the Bioethics
Commission of the Medical University of Lodz (RNN/122/16/KE). The
investigation was carried out in accordance with the latest version of the
Declaration of Helsinki.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement The data used to support the findings of this
study are included within the article.

ORCID iDs
Elzbieta Koztowska http://orcid.org/0000-0002-1466-4321
Ewa Brzezinska-Blaszczyk http://orcid.org/0000-0002-1466-4321

REFERENCES

1 McCutcheon RA, Reis Marques T, Howes OD. Schizophrenia-an overview. JAMA
Psychiatry 2020;77:201-10.

2 Abi-Dargham A, Xu X, Thompson JL, et al. Increased prefrontal cortical D
receptors in drug naive patients with schizophrenia: a PET study with [''C]
NNC112.J Psychopharmacol 2012;26:794-805.

3 Burnet PW, Eastwood SL, Harrison PJ. 5-Ht1A and 5-HT2A receptor mRNAs
and binding site densities are differentially altered in schizophrenia.
Neuropsychopharmacology 1996;15:442-55.

4 Egerton A, Chaddock CA, Winton-Brown TT, et a/. Presynaptic striatal dopamine
dysfunction in people at ultra-high risk for psychosis: findings in a second
cohort. Biol Psychiatry 2013;74:106—12.

5 Kegeles LS, Mao X, Stanford AD, et al. Elevated prefrontal cortex
y-aminobutyric acid and glutamate-glutamine levels in schizophrenia measured
in vivo with proton magnetic resonance spectroscopy. Arch Gen Psychiatry
2012;69:449-59.

6 Marsman A, van den Heuvel MP, Klomp DWJ, et a/. Glutamate in schizophrenia:
a focused review and meta-analysis of 'H-MRS studies. Schizophr Bull
2013;39:120-9.

7 Nozaki S, Kato M, Takano H, et al. Regional dopamine synthesis in
patients with schizophrenia using L-[beta-11C]DOPA PET. Schizophr Res
2009;108:78-84.

8 Wysokinski A. Serum levels of brain-derived neurotrophic factor (BDNF)
and neurotrophin-3 (NT-3) in depressed patients with schizophrenia. Nord /
Psychiatry 2016;70:267-71.

9 Sahpolat M, Ari M. Higher prevalence of metabolic syndrome and related
factors in patients with first-episode psychosis and schizophrenia: a cross-
sectional study in turkey. Nord J Psychiatry 2020:1-6.

10 Ventriglio A, Gentile A, Stella E, et a/. Metabolic issues in patients affected by
schizophrenia: clinical characteristics and medical management. Front Neurosci
2015;9:297.

11 Khandaker GM, Cousins L, Deakin J, et al. Inflammation and immunity in
schizophrenia: implications for pathophysiology and treatment. Lancet
Psychiatry 2015;2:258-70.

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Karpifiski P, Samochowiec J, Frydecka D, et a/. Further evidence for depletion
of peripheral blood natural killer cells in patients with schizophrenia: a
computational deconvolution study. Schizophr Res 2018;201:243-8.
Rothermundt M, Arolt V, Weitzsch C, et a/. Immunological dysfunction in
schizophrenia: a systematic approach. Neuropsychobiology 1998;37:186-93.
Chang S-H, Chiang S-Y, Chiu C-C, et al. Expression of anti-cardiolipin
antibodies and inflammatory associated factors in patients with schizophrenia.
Psychiatry Res 2011;187:341-6.

Kéri S, Szabd C, Kelemen O. Antipsychotics influence Toll-like receptor (TLR)
expression and its relationship with cognitive functions in schizophrenia. Brain
Behav Immun 2017;62:256-64.

Koztowska E, Agier J, Wysokifiski A, et al. The expression of Toll-like receptors in
peripheral blood mononuclear cells is altered in schizophrenia. Psychiatry Res
2019;272:540-50.

Rapaport MH, Bresee C. Serial mitogen-stimulated cytokine production from
continuously ill patients with schizophrenia. Neuropsychopharmacology
2010;35:428-34.

Cazzullo CL, Sacchetti E, Galluzzo A, et al. Cytokine profiles in drug-naive
schizophrenic patients. Schizophr Res 2001;47:293-8.

Reale M, Patruno A, De Lutiis MA, et al. Dysregulation of chemo-cytokine
production in schizophrenic patients versus healthy controls. BMC Neurosci
2011;12:13.

Al-Hakeim HK, Al-Rammahi DA, Al-Dujaili AH. II-6, IL-18, sIL-2R, and TNFo
proinflammatory markers in depression and schizophrenia patients who are
free of overt inflammation. J Affect Disord 2015;182:106—14.

Beumer W, Drexhage RC, De Wit H, et al. Increased level of serum cytokines,
chemokines and adipokines in patients with schizophrenia is associated

with disease and metabolic syndrome. Psychoneuroendocrinology
2012;37:1901-11.

Gariup M, Gonzalez A, Lézaro L, et al. II-8 and the innate immunity

as biomarkers in acute child and adolescent psychopathology.
Psychoneuroendocrinology 2015;62:233-42.

Joseph J, Depp C, Martin AS, et al. Associations of high sensitivity C-reactive
protein levels in schizophrenia and comparison groups. Schizophr Res
2015;168:456-60.

Kim Y-K, Myint A-M, Lee B-H, et a/. Th1, Th2 and TH3 cytokine alteration in
schizophrenia. Prog Neuropsychopharmacol Biol Psychiatry 2004;28:1129-34.
Hong S, Lee EE, Martin AS, et al. Abnormalities in chemokine levels in
schizophrenia and their clinical correlates. Schizophr Res 2017;181:63-9.
Borovcanin M, Jovanovic |, Radosavljevic G, et al. Elevated serum level of
type-2 cytokine and low IL-17 in first episode psychosis and schizophrenia in
relapse. J Psychiatr Res 2012;46:1421-6.

Xiu MH, Yang GG, Tan YL, et al. Decreased interleukin-10 serum levels in first-
episode drug-naive schizophrenia: relationship to psychopathology. Schizophr
Res 2014;156:9-14.

Koztowska E, Wysokifiski A, Majewski K, et al. Human cathelicidin LL-37 -
Does it influence the homeostatic imbalance in mental disorders? J Biosci
2018;43:321-7.

Fasshauer M, Bliiher M. Adipokines in health and disease. Trends Pharmacol Sci
2015;36:461-70.

Zelechowska P, Koztowska E, Pastwiriska J, et al. Adipocytokine involvement in
innate immune mechanisms. J Interferon Cytokine Res 2018;38:527-38.
Catalina MO-S, Redondo PC, Granados MP, et a/. New insights into adipokines
as potential biomarkers for type-2 diabetes mellitus. Curr Med Chem
2019;26:4119-44.

Su X, Peng D. Adipokines as novel biomarkers of cardio-metabolic disorders.
Clin Chim Acta 2020;507:31-8.

Rajandram R, Perumal K, Yap NY. Prognostic biomarkers in renal cell carcinoma:
is there a relationship with obesity? Trans/ Androl Urol 2019;8:5138-46.

Chen VC-H, Chen C-H, Chiu Y-H, et al. Leptin/Adiponectin ratio as a

potential biomarker for metabolic syndrome in patients with schizophrenia.
Psychoneuroendocrinology 2018;92:34-40.

Lehto SM, Huotari A, Niskanen L, et a/. Serum adiponectin and resistin levels in
major depressive disorder. Acta Psychiatr Scand 2010;121:209-15.

Syk M, Ellstrém S, Mwinyi J, et al. Plasma levels of leptin and adiponectin and
depressive symptoms in young adults. Psychiatry Res 2019;272:1-7.

Cordas G, Gazal M, Schuch EM, et al. Leptin in depressive episodes: is there

a difference between unipolar and bipolar depression? Neuroendocrinology
2015;101:82-6.

Cakici N, Bot M, Lamers F, et al. Increased serum levels of leptin and insulin in
both schizophrenia and major depressive disorder: a cross-disorder proteomics
analysis. Eur Neuropsychopharmacol 2019;29:835-46.

Dede S, Sahpolat M, Hanifi Kokacya M, et a/. Serum apelin and nesfatin-1
levels in depression patients and their relationship with treatment. Dusunen
Adam 2017;30:39-47.

64

Koztowska E, et al. / Investig Med 2021,69:56—65. doi:10.1136/jim-2020-001523

yBuAdos Aq pajoaloid 1sanb Aq 120g ‘6T |1Udy UO /:3]1} WOlj Papeojumoq "020g 19gold0 BT UO £2GT00-0202-WI/9ETT 0T Se paysiiand 1s1y :paiN Busanu| ¢


http://orcid.org/0000-0002-1466-4321
http://orcid.org/0000-0002-1466-4321
http://dx.doi.org/10.1001/jamapsychiatry.2019.3360
http://dx.doi.org/10.1001/jamapsychiatry.2019.3360
http://dx.doi.org/10.1177/0269881111409265
http://dx.doi.org/10.1016/S0893-133X(96)00053-X
http://dx.doi.org/10.1016/j.biopsych.2012.11.017
http://dx.doi.org/10.1001/archgenpsychiatry.2011.1519
http://dx.doi.org/10.1093/schbul/sbr069
http://dx.doi.org/10.1016/j.schres.2008.11.006
http://dx.doi.org/10.3109/08039488.2015.1087592
http://dx.doi.org/10.3109/08039488.2015.1087592
http://dx.doi.org/10.1080/08039488.2020.1815080
http://dx.doi.org/10.3389/fnins.2015.00297
http://dx.doi.org/10.1016/S2215-0366(14)00122-9
http://dx.doi.org/10.1016/S2215-0366(14)00122-9
http://dx.doi.org/10.1016/j.schres.2018.04.026
http://dx.doi.org/10.1159/000026501
http://dx.doi.org/10.1016/j.psychres.2010.04.049
http://dx.doi.org/10.1016/j.bbi.2016.12.011
http://dx.doi.org/10.1016/j.bbi.2016.12.011
http://dx.doi.org/10.1016/j.psychres.2018.12.138
http://dx.doi.org/10.1038/npp.2009.145
http://dx.doi.org/10.1016/S0920-9964(00)00046-3
http://dx.doi.org/10.1186/1471-2202-12-13
http://dx.doi.org/10.1016/j.jad.2015.04.044
http://dx.doi.org/10.1016/j.psyneuen.2012.04.001
http://dx.doi.org/10.1016/j.psyneuen.2015.08.017
http://dx.doi.org/10.1016/j.schres.2015.08.019
http://dx.doi.org/10.1016/j.pnpbp.2004.05.047
http://dx.doi.org/10.1016/j.schres.2016.09.019
http://dx.doi.org/10.1016/j.jpsychires.2012.08.016
http://dx.doi.org/10.1016/j.schres.2014.03.024
http://dx.doi.org/10.1016/j.schres.2014.03.024
http://dx.doi.org/10.1007/s12038-018-9751-8
http://dx.doi.org/10.1016/j.tips.2015.04.014
http://dx.doi.org/10.1089/jir.2018.0102
http://dx.doi.org/10.2174/0929867325666171205162248
http://dx.doi.org/10.1016/j.cca.2020.04.009
http://dx.doi.org/10.21037/tau.2018.11.10
http://dx.doi.org/10.1016/j.psyneuen.2018.03.021
http://dx.doi.org/10.1111/j.1600-0447.2009.01463.x
http://dx.doi.org/10.1016/j.psychres.2018.11.075
http://dx.doi.org/10.1159/000371803
http://dx.doi.org/10.1016/j.euroneuro.2019.05.010
http://dx.doi.org/10.5350/DAJPN2017300105
http://dx.doi.org/10.5350/DAJPN2017300105

40

41

42

43

44

45

46

47

48

49

50

51

52

53

Platzer M, Fellendorf FT, Bengesser SA, et al. Adiponectin is decreased in
bipolar depression. World J Biol Psychiatry 2019;20:1-8.

Tungel Ozgiir Korhan, Sarisoy G, Bilgici B, et a/. Adipocytokines and ghrelin level
of bipolar patients from manic episode to euthymic episode. Nord J Psychiatry
2018;72:150-6.

Barbosa IG, Rocha NP, de Miranda AS, et al. Increased levels of adipokines in
bipolar disorder. J Psychiatr Res 2012;46:389-93.

Yumru M, Gergerlioglu H, Savas H, et al. Serum resistin levels and metabolic
changes in bipolar disorder. JMOOD 2012;2:47-50.

Boso M, Emanuele E, Politi P, et al. Reduced plasma apelin levels in patients
with autistic spectrum disorder. Arch Med Res 2007;38:70—4.

Rodrigues DH, Rocha NP, Sousa LFdaC, et al. Changes in adipokine levels in
autism spectrum disorders. Neuropsychobiology 2014;69:6—10.

Unsal C, Hariri AG, Yanartas O, et al. Low plasma adiponectin levels in panic
disorder. J Affect Disord 2012;139:302-5.

BalotSev R, Haring L, Koido K, et al. Antipsychotic treatment is associated
with inflammatory and metabolic biomarkers alterations among first-episode
psychosis patients: a 7-month follow-up study. Early Interv Psychiatry
2019;13:101-9.

Wang HC, Yang YK, Chen PS, et al. Increased plasma leptin in antipsychotic-
naive females with schizophrenia, but not in males. Neuropsychobiology
2007;56:213-5.

Sugai T, Suzuki Y, Fukui N, et al. Dysregulation of adipocytokines related to
second-generation antipsychotics in normal fasting glucose patients with
schizophrenia. J Clin Psychopharmacol 2012;32:390-3.

Tsai M-C, Chang C-M, Liu C-Y, et al. Association of serum levels of leptin,
ghrelin, and adiponectin in schizophrenic patients and healthy controls. Int J
Psychiatry Clin Pract 2011;15:106-11.

Xu J, Jiao Y, Xing M, et al. Increased plasma leptin as a novel predictor for
psychopathological depressive symptoms in chronic schizophrenia. Gen
Psychiatr 2018;31:¢100018.

Kraus T, Haack M, Schuld A, et al. Low leptin levels but normal body mass
indices in patients with depression or schizophrenia. Neuroendocrinology
2001;73:243-7.

Martorell L, Muntané G, Porta-Lopez S, et al. Increased levels of serum leptin in
the early stages of psychosis. J Psychiatr Res 2019;111:24-9.

55

56

57

58

59

60

61

62

63

64

65

66

Original research

Wysokinski A, Dietrich-Muszalska A, Department of Biological Psychiatry of
the Department of Experimental and Clinical Physiology, Medical University of
Lodz, £6dz, Poland. Leptin resistance in patients with chronic schizophrenia.
Psychiatr. Psychol. Klin. 2019;19:143-8.

Hosojima H, Togo T, Odawara T, et al. Early effects of olanzapine on serum
levels of ghrelin, adiponectin and leptin in patients with schizophrenia. /
Psychopharmacol 2006;20:75-9.

Song X, Fan X, Song X, et al. Elevated levels of adiponectin and other cytokines
in drug naive, first episode schizophrenia patients with normal weight.
Schizophr Res 2013;150:269-73.

Cohn TA, Remington G, Zipursky RB, et al. Insulin resistance and adiponectin
levels in drug-free patients with schizophrenia: a preliminary report. Can J
Psychiatry 2006;51:382-6.

Tay YH, Lee J. The relationship between serum adiponectin levels,
cardiometabolic indices and metabolic syndrome in schizophrenia. Asian J
Psychiatr 2019;43:1-6.

Sahpolat M, Ari M. Plasma nesfatin 1 level in patients with first attack
psychosis. Bratis/ Lek Listy 2017;118:77-9.

Sahpolat M, Ari M, Kokacya MH. Plasma apelin, visfatin and resistin levels

in patients with first episode psychosis and chronic schizophrenia. Clin
Psychopharmacol Neurosci 2020;18:109-15.

Catak Z, Kaya H, Kocdemir E, et al. Interaction of apelin, elabela and nitric
oxide in schizophrenia patients. / Med Biochem 2019;38.

Cheng B, Chen J, Bai B, et al. Neuroprotection of apelin and its signaling
pathway. Peptides 2012;37:171-3.

Choe W, Albright A, Sulcove J, et al. Functional expression of the seven-
transmembrane HIV-1 co-receptor APJ in neural cells. / Neurovirol 2000;6
Suppl 1:561-9.

Masoumi J, Abbasloui M, Parvan R, et al. Apelin, a promising target

for Alzheimer disease prevention and treatment. Neuropeptides
2018;70:76-86.

Parimisetty A, Dorsemans A-C, Awada R, et al. Secret talk between adipose
tissue and central nervous system via secreted factors-an emerging frontier in
the neurodegenerative research. J Neuroinflammation 2016;13:67.

Lv S-Y, Chen W-D, Wang Y-D. The apelin/APJ system in psychosis and
neuropathy. Front Pharmacol 2020;11:320.

Koztowska E, et al. J Investig Med 2021;69:56—65. doi:10.1136/jim-2020-001523

65

‘yBuAdoo Ag palosloid 1senb Ag 20z ‘6T IMdy Uo /i3l woly papeojumod "020Z 41800190 6T UO £25T00-0202-WIl/9ETT 0T Se paysiignd 1siy :palA Busaaul ¢


http://dx.doi.org/10.1080/15622975.2018.1500033
http://dx.doi.org/10.1080/08039488.2017.1402953
http://dx.doi.org/10.1016/j.jpsychires.2011.11.010
http://dx.doi.org/10.5455/jmood.20120516040842
http://dx.doi.org/10.1016/j.arcmed.2006.08.003
http://dx.doi.org/10.1159/000356234
http://dx.doi.org/10.1016/j.jad.2012.03.022
http://dx.doi.org/10.1111/eip.12457
http://dx.doi.org/10.1159/000122267
http://dx.doi.org/10.1097/JCP.0b013e3182524393
http://dx.doi.org/10.3109/13651501.2010.550400
http://dx.doi.org/10.3109/13651501.2010.550400
http://dx.doi.org/10.1136/gpsych-2018-100018
http://dx.doi.org/10.1136/gpsych-2018-100018
http://dx.doi.org/10.1159/000054641
http://dx.doi.org/10.1016/j.jpsychires.2019.01.006
http://dx.doi.org/10.15557/PiPK.2019.0014
http://dx.doi.org/10.1177/0269881105056647
http://dx.doi.org/10.1177/0269881105056647
http://dx.doi.org/10.1016/j.schres.2013.07.044
http://dx.doi.org/10.1177/070674370605100608
http://dx.doi.org/10.1177/070674370605100608
http://dx.doi.org/10.1016/j.ajp.2019.04.006
http://dx.doi.org/10.1016/j.ajp.2019.04.006
http://dx.doi.org/10.4149/BLL_2017_015
http://dx.doi.org/10.9758/cpn.2020.18.1.109
http://dx.doi.org/10.9758/cpn.2020.18.1.109
http://dx.doi.org/10.2478/jomb-2019-0029
http://dx.doi.org/10.1016/j.peptides.2012.07.012
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/10871767
http://dx.doi.org/10.1016/j.npep.2018.05.008
http://dx.doi.org/10.1186/s12974-016-0530-x
http://dx.doi.org/10.3389/fphar.2020.00320

	Systemic concentration of apelin, but not resistin or chemerin, is altered in patients with schizophrenia
	Abstract
	Introduction﻿﻿
	Materials and methods
	Study subjects
	Clinical assessments
	Laboratory tests
	Anthropometry
	Body composition
	Statistical analysis

	Results
	Discussion
	References


