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Abstract

Background/Aim. Obesity status can be assessed with
numerous anthropometric, morphological and functional
indices and this study was designed to assess relationship
among them. The aim of this study was to investigate
associations between anthropometric indices,
ultrasonography measurement of visceral and subcutaneous
fat tissue thickness and certain proinflammatory adipokines
level. Methods. This cross-sectional study comprised a
consecutive sample of 60 obese respondents without
obesity-related comorbidities, and 20 age-matched healthy
normal-weight controls. Anthropometric [body mass index
(BMI), waist circumference (WC), neck circumference (NC),
body fat, a body shape index (ABSI)], and ultrasonographic
indices [thickness of intraabdominal fatt tissue (IAFT),
visceral fat (VF), maximum subcutaneous fat (Max SFT),
minimal subcutaneous fat (Min SFT)], and serum levels of
chemerin and resistin were assessed in all subjects. Results.
All anthropometric indices showed statistically significant
differences between study groups. The mean IAFT, Max
SFT, Min SFT and VT were significantly higher in the obese

Apstrakt

Uvod/Cilj. Stepen gojaznosti moze se proceniti brojnim
antropometrijskim, morfoloskim i funkcionalnim indeksima,
te je ova studija dizajnirana da ispita medusobni odnos ovih
parametara. Cilj studije bio je da ispita povezanost
antropometrijskih  indeksa, ultrasonografskih  merenja
debljine potkoznog i visceralnog masnog tkiva i nivoa
pojedinih proinflamatornih adipokina. Metode.
Ispitivanjem je obuhvaceno 60 gojaznih osoba, bez
prisustva komorbiditeta vezanih za gojaznost i 20 normalno
uhranjenih ispitanika uskladenih po polu i godinama.

group compared to controls (p < 0.01, for all). Serum levels
of chemerin and resistin correlated positively with BMI,
percentage of fat adipose tissue (FAT, %), total FAT (kg),
and VF (p < 0.05, for all). Also, we observed significant
correlation between resistin and NC (» = 0.23, p = 0.03) and
ABSI (r = 0.22, p = 0.04). In multivariable linear regression
analysis, chemerin (8 = 0.23; p = 0.008) and resistin (3 =
0.43; p =0.002) were independently and significantly
associated only with VF. Conclusion. Obesity indices, both
classical and newer ones, are in positive, statistically
significant correlation with the level of proinflammatory
cytokines. Ultrasonographically measured VF thickness,
independently associated with adipokine levels, may
improve assessment of proinflimmatory fat tissue
characteristics. Further studies are needed to precisely
define the use of ultrasonographic fat tissue measurements
into clinical practice.

Key words:

adipokines; adipose tissue; anthropometry; metabolic
diseases; obesity; resistin; severity of illness index;
ultrasonography.

Antropometrijski pokazatelji [indeks telesne mase (BMI),
obim struka (WC), obim vrata (NC), masa i procenat
masnog tkiva [FAT (kg, %)], indeks oblika tela (ABSI)],
ultrazvu¢na merenja [intra-abdominalno masno  tkivo
(IAFT), visceralno masno tkivo (VF), maksimalno potkozno
masno tkivo (Max SFT), minimalno potkoZno masno tkivo
(Min SFT)], kao i serumski nivoi hemerina i rezistina
odredivani su kod svih ispitanika. Rezultati. Kod svih
antropometrijskih pokazatelja uocena je statisticki znacajna
razlika medu ispitivanim grupama. Ultrazvuc¢ni pokazatelji
masnog tkiva (IAFT, VF, Max SFT, Min SFT) bili su

statisticki znacajno visi u grupi gojaznih osoba u poredenju
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sa kontrolnom grupom (p < 0,01 za sve). Serumski nivoi
hemerina i rezistina pozitivno su korelisali sa BMI, FAT (%),
FAT (kg) i VF (p < 0,05 za sve). Takode, uocena je znacajna
korelacija izmedu rezistina, sa jedne i NC sa druge strane (r
= 0,23; p = 0,03), kao i ABSI (r = 0,22; p = 0,04).
Multivarijabilna regresiona analiza pokazala je nezavisnu 1
znacajnu povezanost hemerina (3 = 0.23; p = 0.008) i
rezistina (83 = 0.43; p = 0.002) samo sa VF. Zakljucak.
Pokazatelji gojaznosti, kako klasi¢ni, tako i noviji, pozitivno
i statisticki znacajno korelisu sa nivoom proinflamatornih
adipokina. Debljina visceralnog masnog tkiva, merena

ultrazvukom, nezavisno povezana sa nivoima adipokina,
moze poboljsati procenu karakteristika proinflamatornog
masnog tkiva. Dalje studije su potrebne kako bi se precizno
definisala upotreba ultrazvuénih mera masnog tkiva u
klinickoj praksi.

Kljucne reci:

adipokini; masno tkivo; antropometrija; metabolicke
bolesti; gojaznost; rezistin; bolest, indeks teZine;
ultrasonografija.

Introduction

Obesity is a disease characterized by increased fatty
body mass in a degree that leads to health deterioration and
development of numerous complications 1. Obesity is very
complex, with characteristics of global epidemic and if this
trend continues, by 2030 almost about 85% of adult
population will be obese and preobese 2. Heterogeneous
predisposing factors have significant impact on obesity
occurrence, comprising genetic factors, childhood obesity —
“fat cell theory”, as well as extrinsic factors including
sedentary lifestyle, unhealthy diet and low physical activity 3.

Numerous anthropometric measurements [body mass
index (BMI), waist circumference (WC), hip circumference
(HC), and their ratio — waist/hip ratio (WHR)] are being used
for both obesity assessment and monitoring the effects of
obesity therapy 4. Emerging anthropometric parameter is a
body shape index (ABSI), which proved to be superior to
BMI in prediction of cardiometabolic diseases > °.

Aside from anthropometric parameters, imaging
techniques have a significant role in visualization and
measurement of fat tissue compartments. Computed
tomography (CT) and magnetic resonance imaging (MRI)
are golden standard in fat tissue evaluation, however they
present numerous limitations (machines, radiation exposure,
length  of  examination, price).  Ultrasonographic
measurement of visceral and subcutaneous fat tissue
compartments, as well as hepatic fat content, proved to be
simple and reliable method in cardiometabolic risk
evaluation, more precise and reproducible compared to WC,
HC and WHR ™°,

Increased secretion of proinflammatory adipokines is
one of the most important characteristics of dysfunctional fat
tissue. They are related to numerous pathophysiological
processes which are baseline of some chronic disorders (low
degree chronic inflammation, insulin resistance, arterial
hypertension, dyslipidemia) as well as cardiometabolic,
malignant and other diseases. It is known that resistin
originates from adipocytes, immune cells and endothelial
cells, and has significant role in processes of promotion of
proinflammatory adhesive molecules and intracellular
adhesive  molecules  expression  and  decreasing
antiinflammatory effects of adiponectin on endothelial
vascular cell °. The role of chemerin is also significant,
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although not sufficiently researched up to now. Chemerin is
a growth factor, chemokine and adipokine, and is
predominantly secreted in fatty tissue, and its expression is
present in other tissues, such as liver, placenta, thrombocytes
and kidneys ' 2. Contemporary researches emphasize the
role of chemerin and its receptors in inflammation,
adipogenesis, angiogenesis and osteoclastogenesis > 4,
Although experimental studies confirmed visceral fat origin
of chemerin, clinical studies have not confirmed which
obesity indicators, anthropometric or  quantitative
measurements can show increased secretion of this
adipokine. Therefore, the aim of this study was to investigate
association between anthropometric indices,
ultrasonographic measurement of visceral and subcutaneous
fat tissue thickness and levels of certain proinflammatory
adipokines (chemerin and resistin).

Methods

Study design and inclusion criteria

In this cross-sectional study, we used laboratory data,
anthropometric measurements, as well as ultrasonographic
measurements of subcutaneous and visceral fat tissue
thickness. The research was conducted at the Clinic for
Endocrinology, Diabetes and Metabolic Diseases, in
collaboration with the Center for Laboratory Medicine and
Center for Radiology, Clinical Center of Vojvodina, Novi
Sad, Serbia. The study comprised a consecutive sample of 60
obese patients (BMI > 30 kg/m?), without diabetes mellitus
[fasting glucose level < 7.0 mmol/L and glycolized
hemoglobin Alc (HgbAlc) <42 mmol/L]. Exclusion criteria
were: presence of autoimmune, infectious, malignant and
psychiatric diseases, along with previously confirmed
cardiovascular diseases. Another exclusion factor was
changes of body weight within the past three months. The
control group comprised 20 respondents with normal body
mass (BMI < 25 kg/m?), clinically healthy, and sex and age
matched with obese patients. The study was conducted in
accordance with the Helsinki declaration, and approved by
Ethics Committee of the Clinical Center of Vojvodina (No
00-15/134). Each examinee signed informed consent.
Patients' privacy was guaranteed by coding laboratory
samples (each sample was assigned with a unique number).
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Study protocol

All respondents were outpatients administered to the
Clinic for Endocrinology, Diabetes and Metabolic Diseases in
order to analyze specific anthropometric parameters, clinical
examination, laboratory analysis and ultrasonographic
examination. Before obtaining blood samples, patients were
asked to restrain from physical activity and alcohol intake for
24 h. Fasting for 12 h was mandatory before taking blood
samples from cubital vein. Standard analyses were performed
immediately afterwards, except for serum levels of chemerin
and resistin analysis, for which, after centrifugation, samples
were frozen at temperature of -20° C no longer than 4 weeks.

Anthropometric measurements

Body height (BH) was measured using a Martin
anthropometer with accuracy of 0.1 cm, body mass (BM) was
measured with medical decimal scale with accuracy of 0.1 kg.
BMI was calculated using formula BM/BH? (kg/m?). Neck
circumference (NC), WC and HC were measured by
measuring tape, with precision of 0.1 cm. ABSI was calculated
using formula: WC x BM2?® x body weight®®. WHR was
calculated using formula WC/HC. Total fat BM (FAT mass,
kg) and percentage of fat BM (FAT mass, %) were estimated
by bioelectrical impedance analysis (TANITA TFB-310 Body
Composition Analyzer; Tanita, Tokyo, Japan).

Laboratory measurements

Plasma glucose level was analyzed using standard
method (enzyme UV test), insulin level was analyzed using
standard method [Chemiluminescent Microparticle Immuno
Assay (CMIA), using device ADVIA Centaur XP, Siemens,
USA]. Insulin resistance index [homeostasis model assessment
of insulin resistance (HOMA-IR)] was defined by basal
concentration of glucose (G) and insulin values, using
formula: HOMA-IR = G x 1/22.5 **. Concentrations of total
cholesterol (C), triglycerides, HDL-C and LDL-C were
analyzed by direct enzyme method (Architect ci 4,100 Abbott,
USA). Magnesium (Mg?*, mmol/L) level was determined
spectrophotometrically on the Mindray biochemical analyzer
by applying commercial sets. Serum concentrations of
chemerin and resisitin were determined using the Human
Chemerin Quantikine ELISA set and the Human Duo Set
ELISA set, respectively (R&D Systems, Minneapolis, USA),
according to user manual.

Ultrasonographic  measurement of  visceral and
subcutaneous fat tissue thickness was performed on the GE
Logiq 7 ultrasonography machine, with high frequency linear
probe (12 Hz for subcutaneous fat thickness) and low
frequency convex probe (5 MHz for visceral fat thickness) .

The parameters of the visceral and subcutaneous fat
tissue thickness were obtained by a standard examination; the
patients were examined during the expiratory phase of a quiet
respiration, and the transducer was applied on the body surface
without undue pressure. Minimal subcutaneous fat (Min SFT)
was defined as thickness of the fat tissue layer measured as the
distance from the skin surface to the linea alba, under the

xiphoid process The maximum thickness of subcutaneous fat
tissue-a (Max SFTa) was defined as distance from the skin
surface to the linea alba, measured 2 cm above the umbilical
cord. The maximum thickness of subcutaneous fat tissue-b
(Max SFTb) was defined as the distance from the skin surface
to the linea alba, measured 2 cm below the umbilical cord.
Thickness of intraabdominal fat tissue (IAFT) was defined as
the distance between the posterior aspect of the rectus
abdominis muscle and the anterior aortic wall, measured 2 cm
above the umbilical cord. Visceral fat (VF) was defined as the
distance between posterior aspect of the rectus abdominis
muscle and anterior aspect of the paravertebral muscles
measured at the umbilical level *°.

Two radiologists, with 15 and 7 years of experience in
abdominal  ultrasonography, performed double-blinded
independent measurements (IAFT, Max SFTa, Max SFTh and
VF). Interobserver agreement of the measurements was
analyzed in the group of 20 obese patients. The coefficient of
variation (intraobserver and interobserver technical error) for
IAFT was 3.6% and 4.2%; Max SFTa was 2.7% and 3.6%;
Max SFTb was 4.1% and 3.3%; and VF was 4.3% and 6.2%,
respectively.

Statistical methods

The Shapiro-Wilk test was used in testing for
normality. Data were presented as mean = standard
deviation for normally distributed continuous variables and
median (interquartile range) for nonparametric continuous
variables, while categorical data were presented as the
number of the observations divided with the total number
of respondents within the group. Parametric (t-test) and
nonparametric (Mann-Whitney) statistical tests were used.
The y? test was used for categorical variable (gender).
Correlations between serum profile of adipokines and
tested parameters were evaluated by the Pearson’s or
Spearman’s coefficients. A multivariable regression
analysis was used to assess the associations between serum
chemerin  and resistin levels, and anthropometric
characteristic, ultrasonographic measurements of visceral
and subcutaneous fat tissue thickness and metabolic
biochemical characteristics. Statistical analysis of obtained
data was performed using IBM Statistics SPSS 23 package
(Chicago, Ilinois, USA).

Results

Table 1 shows the results of anthropometric
measurements in the study groups. Obese respondents had
significantly higher anthropometric indices (BMI, Fat, Fat
Mass, ABSI, NC, WC, HC, WHR) compared to the control
group of normally nourished respondents (p < 0.05 and p <
0.01, respectively).

Descriptive characteristics of visceral and subcutaneous
fat tissue thickness measurements by ultrasonography for all
respondents are presented in Table 2. A subcutaneous fat tissue
thickness measurements (Min SFT, Max SFTa and Max SFTb)
were  significantly  higher in  the obese group
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Table 1

Table 2

Table 3

Anthropometric characteristics of study groups

. Obese group Control group

Variable (n = 60) (n = 20) p
Age (years), mean = SD 38.7+8.3 37147 0.04
Male, n (%) 21 (35.0) 10 (50.0) 0.35
BMI (kg/m?), median (IQR) 35 (32.00-40.00) 23(21.00-25.00) <0.01
Fat (%), mean £ SD 48.3+10.1 226149 <0.01
Fat Mass (kg), mean + SD 51.9+14.9 15.8+3.3 <0.01
ABSI, median (IQR) 0.078 (0.063-0.087) 0.075 (0.083-0.068)  0.02
NC (cm), median (IQR) 39.5 (37-44) 35 (32-37) <0.01
WC (cm), mean + SD 111.8 £14.6 80+8.85 <0.01
HC (cm), median (IQR) 117.5 (110.5-122) 86 (84-94) <0.01
WHR, median (IQR) 0.95 (0.9-1.0) 1.1(0.9-1.1) 0.04

BMI — body mass index; ABSI — A Body Shape Index; NC — neck circumference;

WC — waist circumference; HC — hip circumference; WHR — waist to hip ratio;
SD - standard deviation; IQR — interquartile range.

Measurement of visceral and subcutaneous fat tissue thickness by ultrasonography

Obese group (n =60) Control group (n = 20)

Variable mean = SD mean + SD P

IAFT (mm) 46.7 +28.9 242+9.1 <0.01
Max SFTa (mm) 33.6+17.9 16.9+5.3 <0.01
Max SFTb (mm) 37.3+19.6 20.2+7.6 <0.01
Min SFT (mm) 26.7+15.2 17+£5.8 <0.01
VF (mm) 51.1+17.8 135+£37.2 <0.01

IAFT - intraabdominal fat tissue thickness; Max SFTa — maximum thickness

of the subcutaneous fatty tissue-a; Max SFTb — maximum thickness of the

subcutaneous fatty tissue-b; Min SFT — minimal subcutaneous fat tissue thickness;

VF - visceral fat tissue thickness; SD — standard deviation.

Biochemical characteristics of study groups

Variable Obese group (n =60) Control group (n = 20) p

FPG (mmol/L), median (IQR) 5.2 (4.8-5.6) 4.9 (4.6-5.2) <0.01
HDL-C (mmol/L), mean = SD 1.2+£0.3 15+03 <0.01
Triglycerides (mmol/L), median (IQR) 1.4 (1.1-2) 0.9 (0.5-1.2) <0.01
LDL-C (mmol/L), median (IQR) 3.2(2.6-3.9) 2.6 (2.2-3.6) =0.04
FPI (mU/mL), median (IQR) 13.4 (10.4-18.6) 4.9 (4-6.1) <0.01
HOMA-IR, median (IQR) 2.4 (1.9-3.9) 0.7 (0.6-0.8) <0.01
Chemerin (ng/mL), median (IQR) 41.6 (26.2-61.1) 18.3 (14.5-26.7) <0.01
Resistin (ng/mL), median (IQR) 4.72 (4.27-5) 4.0 (2.9-4.7) <0.01
Mg?* (mmol/L), mean + SD 0.83 £0.07 0.82 + 0.06 =0.46

FPG - fasting plasma glucose; HDL-C - h

igh-density lipoprotein cholesterol;

LDL-C - low-density lipoprotein cholesterol; FPI — fasting plasma insulin;
HOMA-IR — homeostasis model assessment of insulin resistance; SD — standard deviation;

IQR - interquartile range.

compared to the control one (p < 0.01, for all). Also, the
obese respondents had significantly higher VF compared to
the control ones (p < 0.01).

All metabolic biochemical parameters (Table 3) were
significantly higher in the obese compared to the control
group (p < 0.05 and p < 0.01, respectively).

Results of correlation analysis between serum profile of
adipokines and tested parameters are shown in Table 4. The
serum levels of chemerin and resistin correlated positively
with BMI, FAT (%), FAT (kg), VF and HOMA-IR (p <
0.05, for all). Also, we observed significant correlation
between resistin and NC (r = 0.23, p = 0.03) and ABSI (r =
0.22, p = 0.04).

Chemerin levels correlated positively with FPI (r =
0.45, p = 0.01) and tryglicerides (r = 0.36, p = 0.01).
Negative correlation was observed between resistin and
HDL-C (r =-0.31, p = 0.03).

In multivariable linear regression analysis, chemerin (3
= 0.23; p = 0.008) and resistin (B = 0.43; p = 0.002) levels
were independently and significantly associated only with
VF.

Discussion

Obesity is a disease in which individuals with the
same or similar BMI can develop different metabolic,
cardiovascular diseases, and even tumors. However, BMI
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Table 4

Correlation between adipokines and anthropometric and biochemical characteristics and ultrasonographic
measurements in all respondents
Resistin (ng/mL)

Chemerin (ng/mL)

Parameter
r p r P

BMI (kg/m?) 0.42 0.00 0.26 0.017
WC (cm) 0.31 0.07 0.29 0.07
HC (cm) 0.29 0.01 0.25 0.23
NC (cm) 0.15 0.19 0.23 0.03
ABSI 0.13 0.26 0.22 0.04
FAT (%) 0.36 0.01 0.26 0.019
FAT mass (kg) 0.3 0.01 0.25 0.02
VF (mm) 0.49 0.00 0.48 0.00
Min SFT (mm) 0.112 0.322 -0.045 0.677
Max SFTa (mm) 0.103 0.364 -0.023  0.829
Max SFTb (mm) 0.165 0.143 -0.089  0.413
IAFT (mm) 0.108 0.342 -0.033  0.763
Max PFT (mm) 0.173 0.125 -0.092  0.399
FPG (mmol/L) 0.067 0.555 0.019 0.859
FPI (mU/mL) 0.45 0.001 0.272 0.011
HOMA-IR 0.368 0.01 0.316 0.05
Triglycerides (mmol/L)  0.365 0.01 0.195 0.07
HDL-C (mmol/L) 0.212 0.058 -0.317  0.03
LDL-C (mmol/L) 0.139 0.219 0.163  0.132

BMI - body mass index; ABSI — a body shape index; NC — neck circumference;

WC — waist circumference; HC — hip circumference; WHR — waist to hip ratio;

IAFT - intraabdominal fat tissue thickness; Max PFT — maximum preoperational

fatty tissue thickness; Max SFTa — maximum thickness of the subcutaneous fatty tissue-a;
Max SFTh — maximum thickness of the subcutaneous fatty tissue-b; Min SFT — minimal
subcutaneous fat tissue thickness; VF — visceral fat tissue thickness; FPG - fasting plasma
glucose; HDL-C - high-density lipoprotein cholesterol; LDL-C — low-density lipoprotein
cholesterol; FPI1 - fasting plasma insulin HOMA-IR — homeostasis model assessment

of insulin resistance; r — coefficient of correlation.

does not take into account fat tissue compartments °. Indices
as WC, HC and WHR are relatively simple, reproducible
method which can show fat tissue distribution, but their
limitation is inability to precisely assess the amount of fat
tissue. Bioelectrical impedance analysis is a method which
can assess precise distribution, percentage and amount of fat
BM in a total BM, and differ fat from non-fat BM *". NC and
ABSI are new parameters, whose practical value has not
been sufficiently —examined yet.  Ultrasonographic
measurement of fat tissue thickness is available, cheap and
reproducible 8, with capability of analyzing subcutaneous
and visceral fat depot, and has advantage in assessment of
complications related to obesity. To assess functional
characteristics of the fat tissue, serum concentrations of
proinflammatory adipokines, chemerin and resistin are
measured.

In our study, obese patients had significantly higher
values of BMI, FAT mass (kg), percentage of fat adipose
tissue (FAT, %) and WC. Also, we proved statistically
significantly higher values of NC in the group of obese
patients compared to the group with normal nutritional
status. NC correlates with metabolic disorders, such as
hypertriglyceridemia, insulin resistance, type 2 diabetes
mellitus etc. Moreover, it has been proven that NC above 37
cm in men and 34 cm in women are reliable indicators for
presence of abdominal obesity °. This study showed
statistically positive correlation between NC and resistin
level in the group of obese respondents, which has been

confirmed in only one study . Resistin is proinflammatory
adipokine, and correlation between resistin and NC can point
out high risk obesity in examined group, with impact on
different organ systems.

Along with NC, ABSI also had statistically higher
values in the obese group in comparison to the control one.
ABSI is a good anthropometric parameter for defining
comorbidities related to obesity, chronic diseases and lethal
outcome 22 In our study, ABSI also had statistically
significant correlation with resistin levels. This finding is
even more significant considering that resistin is
proinflammatory  adipokine, and that its elevated
concentrations in obese patients can indicate increased risk
for numerous diseases related to obesity. To our knowledge,
review of the literature showed no information on relation
between resistin and ABSI.

In our research, obese patients had statistically
significantly higher values of the subcutaneous and VF tissue
compartment thickness compared to those in the control
group. Also, the VF tissue thickness had statistically
significant correlation with serum concentrations of
chemerin and resisitin. From pathophysiological aspect, this
finding is very important considering that chemerin is
adipokine with numerous different roles in human body, and
that chemerin expression is higher in the visceral than in
subcutaneous fat tissue 2*. These findings indicate that
intrinsic factors of the VF tissue can play a crucial role in
understanding main pathophysiological mechanisms which
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lead to development of cardiovascular diseases, metabolic
syndrome and inflammation in visceral adiposopathy .
Study of Schlecht et al.?® did not prove statistically
significant correlation between resistin values and the VF
tissue measured by ultrasound, while research of McTernan
et al. 7, Azuma et al. 8 and Jain et al. ?° showed positive
correlation of the VF tissue amount and serum values of
proinflammatory resistin. Such controversial results imply
the necessity of additional researches to further explain the
connection of resistin and adipose tissue.

Beside anthropometric parameters and fat tissue
thickness measurements, metabolic characteristics of the
obese respondents showed significantly higher values of
glycemia, insulinemia, HOMA-IR and proatherogenic
cholesterol (LDL-C) and triglycerides, together with
statistically significantly lower values of HDL-C compared
to respondents with normal nutritional status. Moreover,
there was statistically positive correlation between chemerin
and insulin, HOMA-IR and triglycerides levels, as well as
statistically positive correlation of resistin and HOMA-IR,
and negative correlation of resistin and HDL-C. Multicentric
study of American authors 3° also showed positive
correlation of chemerin and values of insulin, HOMA-IR and
triglycerides in patients with newly discovered metabolic
syndrome. The same study proved positive correlation of
chemerin and the subcutaneous fat tissue, which was not
confirmed in our study. Research of German authors 3
showed that chemerin is a good biomarker of insulin
resistance in healthy adult men. However, data regarding
dyslipidemia and inflammation are yet debatable 32 %, Due to
this, further research of chemerin role in metabolic disorders
is highly desirable.

It is known that resistin is secreted from adipocytes and
macrophages, and is also a trigger for development of insulin
resistance. In most of the published studies, increased resistin
values were detected in obesity, metabolic syndrome, and
type 2 diabetes mellitus -3, Our study did not confirm
statistically positive correlation between resistin and
triglycerides levels as parameter of metabolic syndrome.
Studies of de Luis et al. ¥, and Uslu et al. ® showed positive
correlation of resistin with LDL-C, and negative correlation
with HDL-C fraction, which is in compliance with results of
our study. Hypothesis of inverse correlation of resistin with
cholesterol serum levels can be explained by resistin
dependent cholesterol sequestration in macrophages. Another

possible explanation of inverse correlation between resistin
and HDL-C can be explained by the fact that cholesterol
concentration depends on resistin concentration 394, Our
study proved statistically positive correlation between
resistin and HOMA-IR, which was confirmed in previous
studies 2.

Advantage of our study was direct comparison of two
actual adipocytokines with precisely defined amount of the
fat tissue in specific compartments and with anthropometric
parameters, as well as correlation of proinflammatory
adipokines with metabolic markers. The main limitations of
the current study were small sample size and cross-sectional
study design. Also, as the measurement of serum
concentration of chemerin and resistin is not current practice,
there is a limited implementation of this study in general
practice.

Therefore, further prospective studies could have far
more significant role in defining and monitoring
comorbidities related to obesity. Early identification of
pathogenetic factors in development of obesity related
comorbidities (insulin resistance, chronic inflammation, fat
tissue dysfunction etc.) could result in personalized
prevention and/or personalized treatment of obese, high-risk
patients.

Conclusion

There is positive, statistically significant correlation
between obesity indices, both classical and newer ones, and
the level of proinflammatory cytokines (chemerin and
resistin). Ultrasonographically measured VF thickness may
improve assessment of proinflammatory fat tissue
characteristics. Further studies are needed to precisely define
the use of ultrasonographic fat tissue measurements in
clinical practice.

Acknowledgement

This study was supported by the Provincial
Secretariat for Science and Technological Development of
the Autonomous Province of Vojvodina, Serbia (grant No
114-451-2013/2016-01), and the Ministry of Education,
Science and Technological Development of the Republic
of Serbia (grant No 11146005).

REFERENCES

1. Ross R, Bradshaw AJ. The future of obesity reduction: beyond
weight loss. Nat Rev Endocrinol. 2009; 5(6): 319-25.

2. Stevens GA, Singh GM, Lu Y, Danaei G, Lin JK, Finucane MM et
al. National, regional and global trends in adult overweight and
obesity prevalences. Popul Health Metr 2012; 10(1): 22.

3. Lim SL, Bruce AS. Prospect theory and body mass: characteriz-
ing psychological parameters for weight-related risk attitudes
and weight-gain aversion. Front Psychol 2015; 6: 330.

4. Oin X, Zhang Y, Cai Y, He M, Sun L, Fu ], et al. Prevalence of
obesity, abdominal obesity and associated factors in hyperten-
sive adults aged 4575 years. Clin Nutr 2013; 32(3): 361-7.

Crnobrnja V, et al. Vojnosanit Pregl 2020; 77(11): 1146-1153.

5. Krakaner NY, Krakaner |C. A new body shape index predicts
mortality hazard independently of body mass index. PLoS One
2012; 7(7): €39504.

6. Ji M, Zhang S, An R. Effectiveness of A Body Shape Index
(ABSI) in predicting chronic diseases and mortality: a system-
atic review and meta-analysis. Obes Rev 2018; 19(5): 737-59.

7. Swik RP, Mejjer R, Mali WP, Grobbee DE, van der Graaf Y. Sec-
ondary Manifestations of Arterial Disease Study Group. Ultra-
sound measurements of intraabdominal fat estimate the meta-
bolic syndrome better than do measutements of waist citrcum-

ference. Am ] Clin Nutr 2003; 77(4): 857-60.



Page 1152

VOJINOSANITETSKI PREGLED

Vol. 77, No 11

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Farcas AD, Vonica CL, Golea A. Non-alcoholic fatty liver
disease, bulb carotid intima-media thickness and obesity
phenotypes: results of a prospective observational study.
Med Ultrason 2017; 19(3): 265-71.

Bazzocchi A, Filonzi G, Ponti F, Sassi C, Saligzoni E, Battista
G, et al. Accuracy, reproducibility and repeatability of ultra-
sonography in the assessment of abdominal adiposity. Acad
Radiol 2011; 18(9): 1133—43.

Rawanami D, Maemunra K, Takeda N, Harada T, Nojiri T, Imai
Y, et al. Direct reciprocal effects of resistin and adiponectin
on vascular endothelial cells: a new insight into adipocyto-
kine-endothelial cell interactions. Biochem Biophys Res
Commun 2004; 314(2): 415-9.

Bozaoglu K, Bolton K, McMillan ], Zimmet P, Jowett |, Collier G,
et al. Chemerin is a novel adipokine associated with obesity
and metabolic syndrome. Endocrinology 2007; 148(10):
4687-94.

Goralski KB, McCarthy TC, Hanniman EA, Zabel BA, Butcher
EC, Parlee SD, et al. Chemerin, a novel adipokine that regu-
lates adipogenesis and adipocyte metabolism. ] Biol Chem
2007; 282(38): 28175-8813.

Ranr ], Adya R, Tan BK, Chen ], Randeva HS. Identification
of chemerin receptor (ChemR23) in human endothelial
cells: chemerin-induced endothelial angiogenesis. Biochem
Biophys Res Commun 2010; 391(4): 1762-8.

Muruganandan S, Roman AA, Sinal C]. Role of chemer-
in/CMKLR]1 signaling in adipogenesis and osteoblastogen-
esis of bone marrow stem cells. ] Bone Miner Res 2010;
25(2): 222-34.

Dyjuric-Stefanovié A, Vasin D, Jovanovié S, Lazi¢ 17, Kovac |, Po-
povi¢ 1, et al. Ultrasonographic evaluation of visceral and
subcutaneous abdominal fat tissue before and after bari-
atric surgery. Acta Chir Iugosl 2013; 60(3): 25-30.

Rothman K]. BMI-related errors in the measurement of obe-
sity. Int ] Obes (Lond) 2008; 32 Suppl 3: S56-9.

Vilgyi E, Tylavsky FA, Lyytikdinen A, Suominen H, Alén M,
Cheng §. Assessing body composition with DXA and bi-
oimpedance: effects of obesity, physical activity, and age.
Obesity (Silver Spring) 2008; 16(3): 700-5.

Neeland I, Turer AT, Ayers CR, Berry JD, Robatgi A, Das SR,
et al. Body fat distribution and incident cardiovascular dis-
ease in obese adults. ] Am Coll Cardiol 2015; 65(19):
2150-1.

Yang GR, Yuan SY, Fu HJ, Wan G, Zbn LX, Bu XL, et
al.Neck circumference positively related with central obesi-
ty, overweight, and metabolic syndrome in Chinese subjects
with type 2 diabetes: Beijing Community Diabetes Study 4.
Diabetes Care 2010; 33(11): 2465-7.

Cherneva RV, Georgiev OB, Petrova DS, Manov EI, Petrova JI.
Resistin and oxidative stress in non-diabetic sleep apnea
patients with nocturnal hypertension. Curr Resp Med Rev
2014; 10(2): 124-30.

Vonbank A, Saely C, Lins C, Zanolin D, Lieherer A, Muendlein
A, et al. The A body shape index and type 2 diabetes are
mutually independent predictor of cardiovascular events
risk in angiographied coronary patients. JAAC 2018;
71(Suppl 11): DOI: 10.1016/S0735-1097(18)32622-6
Gomez-Peralta F, Abren C, Crug-Bravo M, Alcarria E,
Gutierrez-Buey G, Krakauer NY, et al. Relationship between
"a body shape index (ABSI)" and body composition in
obese patients with type 2 diabetes. Diabetol Metab Syndr
2018; 10: 21.

Grant JF, Chittleborough CR, Shi Z, Taylor AW. The associa-
tion between A Body Shape Index and mortality: Results
from an Australian cohort. PLoS One 2017; 12(7):
0181244.

Shin HY, Lee DC, Chu SH, Jeon ]JY, Lee MK, Im JA, et al.
Chemerin levels are positively correlated with abdominal

25.

20.

27.

28.

29.

30.

31.

32.

34.

35.

36.

37.

38.

39.

40.

visceral fat accumulation. Clin Endocrinol (Oxf) 2012;
77(1):

Andersson DP, Laurencikiene |, Acosta |R, Rydén M, Arner P.
Circulating and Adipose Levels of Adipokines Associated
With Insulin Sensitivity in Nonobese Subjects With Type 2
Diabetes. ] Clin Endocrinol Metab 2016; 101(10):
3765-771.

Schlecht I, Fischer B, Behrens G, Leitzmann MF. Relations of
Visceral and Abdominal Subcutaneous Adipose Tissue,
Body Mass Index, and Waist Circumference to Serum Con-
centrations of Parameters of Chronic Inflammation. Obes
Facts 2016; 9(3): 144-57.

McTernan PG, McTernan CL, Chetty R, Jenner K, Fisher FM,
Laner MN, et al. Increased resistin gene and protein expres-
sion in human abdominal adipose tissue. J Clin Endocrinol
Metab 2002; 87(5): 2407.

Azuma K, Katsukawa F, Oguchi S, Murata M, Yamazaki H,
Shimada A, et al. Correlation between serum resistin level
and adiposity in obese individuals. Obes Res 2003; 11(8):
997-1001.

Jain SH, Massaro JM, Hoffmann U, Rosito GA, Vasan RS, Raji
A, et al. Cross-sectional associations between abdominal
and thoracic adipose tissue compartments and adiponectin
and resistin in the Framingham Heart Study. Diabetes Care
2009; 32(5): 903-8.

Jialal I, Devaraj S, Kanr H, Adams-Huet B, Bremer AA. In-
creased chemerin and decreased omentin-1 in both adipose
tissue and plasma in nascent metabolic syndrome. J Clin
Endocrinol Metab 2013; 98(3): E514-7.

Oumwens DM, Bekaert M, Lapanw B, Van Nienwenhove Y, Lebr
S, Hartwig S, et al. Chemerin as biomarker for insulin sensi-
tivity in males without typical characteristics of metabolic
syndrome. Arch Physiol Biochem 2012; 118(3): 135-8.
Fiilgp P, Seres 1, Lérincz H, Harangi M, Somodi S, Paragh G.
Association of chemerin with oxidative stress, inflamma-
tion and classical adipokines in non-diabetic obese patients.
J Cell Mol Med 2014; 18(7): 1313-20.

Manduteanu I, Simionescu M. Inflammation in atherosclerosis:
a cause or a result of vascular disorders? | Cell Mol Med
2012; 16(9): 1978-90.

Li ZY, Wang P, Miao CY. Adipokines in inflammation, in-
sulin resistance and cardiovascular disease. Clin Exp Phar-
macol Physiol 2011; 38(12): 888-96.

Malo E, Ukkola O, Jokela M, Moilanen L, Kihinen M, Niemi-
nen MS, et al. Resistin is an indicator of the metabolic syn-
drome according to five different definitions in the Finnish
Health 2000 sutvey. Metab Syndr Relat Disord 2011; 9(3):
203-10.

Piestrzeniewicz K, Lauczak K, Komorowski ], Maciejewski M,
Jankiewicz Wika |, Goch JH. Resistin increases with obesity
and atherosclerotic risk factors in patients with myocardial
infarction. Metabolism 2008; 57(4): 488—93.

de Luis DA, Sagrado MG, Conde R, Aller R, Izaola O, de la
Fuente B, et al. Relation of resistin levels with cardiovascular
risk factors, insulin resistance and inflammation in naive
diabetes obese patients. Diabetes Res Clin Pract 2010;
89(2): 110-4.

Uslu S, Kebapei N, Kara M, Bal C. Relationship between adi-
pocytokines and cardiovascular risk factors in patients with
type 2 diabetes mellitus. Exp Ther Med 2012; 4(1): 113-20.
Kushiyama A, Sakoda H, Oue N, Okubo M, Nakatsu Y, Ono
H, et al. Resistin-like molecule § is abundantly expressed in
foam cells and is involved in atherosclerosis development.
Artetioscler Thromb Vasc Biol 2013; 33(8): 1986-93.

Jové M, Planavila A, Cabrero A, Novell F, Ros E, Zambin D, et
al. Reductions in plasma cholesterol levels after fenofibrate
treatment are negatively correlated with resistin expression
in human adipose tissue. Metabolism 2003; 52(3): 351-5.

Crnobrnja V, et al. Vojnosanit Pregl 2020; 77(11): 1146-1153.



Vol. 77, No 11 VOJINOSANITETSKI PREGLED Page 1153

41. Osawa H, Tabara Y, Kawamoto R, Ohashi |, Ochi M, Onuma namese patients with type 2 diabetes mellitus. Diabetol
H, et al. Plasma resistin, associated with single nucleo- Metab Syndr 2018; 10: 41.
tide polymorphism -420, is correlated with insulin re-
sistance, lower HDL cholesterol, and high-sensitivity C- Received on October 3, 2018.
reactive protein in the Japanese general population. Di- Revised on December 16, 2018.
abetes Care 2007; 30(6): 1501—6. Accepted on December 17, 2018.
42. Toan NL, Van Hoan N, Cuong DV, Dung NV, Dung PT, Online First December, 2018.

Hang NT, et al. Adipose tissue-derived cytokines and
their correlations with clinical characteristics in Viet-

Crnobrnja V, et al. Vojnosanit Pregl 2020; 77(11): 1146-1153.



