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Abstract—Obesity is associated with cardiovascular disease risk
factors and metabolic syndrome (MetS). In this study, associations
between adipokines and adipokine as well as obesity indices were
evaluated. Plasma adipokine levels may exhibit variations according
to body adipose tissue mass. Besides, upon consideration of obesity
as an inflammatory disease, adipokines may play some roles in this
process. The ratios of proinflammatory adipokines to adiponectin
may act as highly sensitive indicators of body adipokine status. The
aim of the study is to present some adipokine indices, which are
thought to be helpful for the evaluation of childhood obesity and also
to determine the best discriminators in the diagnosis of MetS. 80
prepubertal children (aged between 6-9.5 years) included in the study
were divided into three groups; 30 children with normal weight
(NW), 25 morbid obese (MO) children and 25 MO children with
MetS. Physical examinations were performed. Written informed
consent forms were obtained from the parents. The study protocol
was approved by Ethics Committee of Namik Kemal University
Medical Faculty. Anthropometric measurements, such as weight,
height, waist circumference (C), hip C, head C, neck C were
recorded. Values for body mass index (BMI), diagnostic obesity
notation model assessment Index-II (D2 index) as well as waist-tohip, head-to-neck ratios were calculated. Adiponectin, resistin, leptin,
chemerin, vaspin, progranulin assays were performed by ELISA.
Adipokine-to-adiponectin ratios were obtained. SPSS Version 20 was
used for the evaluation of data. p values ≤ 0.05 were accepted as
statistically significant. Values of BMI and D2 index, waist-to-hip,
head-to-neck ratios did not differ between MO and MetS groups (p ≥
0.05). Except progranulin (p ≤ 0.01), similar patterns were observed
for plasma levels of each adipokine. There was not any difference in
vaspin as well as resistin levels between NW and MO groups.
Significantly
increased
leptin-to-adiponectin,
chemerin-toadiponectin and vaspin-to-adiponectin values were noted in MO in
comparison with those of NW. The most valuable adipokine index
was progranulin-to-adiponectin (p ≤ 0.01). This index was strongly
correlated with vaspin-to-adiponectin ratio in all groups (p ≤ 0.05).
There was no correlation between vaspin-to-adiponectin and
chemerin-to--adiponectin in NW group. However, a correlation
existed in MO group (r = 0.486; p ≤ 0.05). Much stronger correlation
(r = 0.609; p ≤ 0.01) was observed in MetS group between these two
adipokine indices. No correlations were detected between vaspin and
progranulin as well as vaspin and chemerin levels. Correlation
analyses showed a unique profile confined to MetS children.
Adiponectin was found to be correlated with waist-to-hip (r = -0.435;
p ≤ 0.05) as well as head-to-neck (r = 0.541; p ≤ 0.05) ratios only in
MetS children. In this study, it has been investigated if adipokine
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indices have priority over adipokine levels. In conclusion, vaspin-toadiponectin, progranulin-to-adiponectin, chemerin-to-adiponectin
along with waist-to-hip and head-to-neck ratios were the optimal
combinations. Adiponectin, waist-to-hip, head-to-neck, vaspin-toadiponectin, chemerin-to-adiponectin ratios had appropriate
discriminatory capability for MetS children.

Keywords—Adipokine indices, metabolic syndrome, obesity
indices, pediatric obesity.
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I. INTRODUCTION

HILDHOOD obesity is associated with MetS and
cardiovascular diseases (CVDs). Adipokines make a
considerable contribution to insulin resistance (IR) and obesity
[1]. Leptin as well as resistin both are positively correlated
whereas adiponectin is negatively correlated with BMI
suggesting that the concentrations of these biomarkers may
change from lean to obesity [2].
In a study performed on adolescents, positive associations
between serum chemerin levels and potentially life threatening
members of the lipid profile family including triglycerides and
cholesterol levels were reported. Adiponectin levels were in
positive correlation with high density lipoprotein cholesterol
concentrations [3].
Some adipokines participate in atherosclerotic plaque
rupture and cardiovascular events. Leptin, chemerin and
resistin are essentially known for their proinflammatory
nature. Chemerin and resistin may act as potential markers for
plaque instability and stroke risk [4]. Elevated leptin-toadiponectin ratio is suggested as potentially useful prognostic
biomarker of atherothrombotic acute ischemic stroke [5].
It is reported that chemerin is an adipokine with
inflammatory and metabolic actions related to chronic disease
development. It is correlated with essential hypertension, type
2 diabetes (T2D), and coronary heart diseases. Chemerin
elevated in obesity and MetS is associated with endothelial
dysfunction and plays a crucial role in early and advanced
atherosclerosis [6]-[9].
Changes in chemerin may also be positively correlated with
changes in adiponectin levels. This finding might be related to
the chemerin’s dual inflammatory and anti-inflammatory
effects. It may also be due to IR and insulin sensitivity
enhancing effects of this parameter, depending on the
metabolic conditions [10].
Progranulin has recently been introduced as a novel marker
of chronic inflammatory response in obesity and T2D capable
of directly affecting the insulin signaling pathway. Serum
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levels of this parameter might be closely associated with
microvascular complications in T2D [11].
Vaspin is also a recently identified adipokine related to
obesity and insulin sensitivity. Vaspin is correlated with
coronary artery disease in T2D [12], [13].
Plasma adipokine levels may vary depending upon body
adipose tissue mass. Since obesity is considered as an
inflammatory disease, adipokines may play some roles in this
process. The ratios developed from antiinflammatory and
proinflammatory adipokines may be much more informative
to express adipokine status of the body.
This study was conducted to investigate the relationship
between adipokines and the indices derived from these
adipokines. Their associations with obesity indices have also
been reviewed. The aim of this study is to calculate and
introduce a number of adipokine indices, which may help the
evaluation of obesity and MetS during childhood.

conducted using enzyme-linked immunosorbent assays.
F. Ratio Calculations
The calculations for BMI, diagnostic obesity notation model
assessment Index-II (D2 index) [16], waist-to-hip and head-toneck ratios were performed. Adipokine-to-adiponectin ratios
(such as resistin-to-adiponectin, leptin-to-adiponectin,
chemerin-to-adiponectin,
vaspin-to-adiponectin,
and
progranulin-to-adiponectin) were calculated.
G. Statistical Evaluation
Data were evaluated statistically using SPSS Version 20. p
values ≤ 0.05 were accepted as the degree for statistical
significance.
8

6

leptin-to-adiponectin

A. Patients
This study comprised 80 children, whose ages were
between 6.0 and 9.5 years. The study population was
composed of prepubertal children. Three individual groups (30
children with normal BMI (NW), 25 children with MO and 25
children with MetS) were composed. The detailed anamnesis
was taken during the physical examination. Informed consent
forms were filled out by the parents of children participated in
the study. Namik Kemal University, Faculty of Medicine
Ethical Committee approved the study protocol. The children
with acute or chronic inflammatory, hepatic, renal and
malignant diseases were excluded from the scope of the study.
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B. Anthropometric Measurements
Weight, height, waist circumference (C), hip C, head C,
neck C measurements were taken and recorded.
C. Obesity Classification
Obesity classification of the study groups was performed by
using age and sex-adjusted BMI percentile tables prepared by
World Health Organization [14]. Children with the values
higher than 99th percentile were included into MO group.
Those constituting the group with normal BMI comprised
children, whose percentiles were between 15th and 85th.
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D. MetS Criteria
MetS was diagnosed based upon the criteria suggested by
International Diabetes Federation [15]. Two of the following
criteria were expected to be present in children having ≥90
percentile for waist C: Fasting blood glucose (FBG) ≥ 100
mg/dl, triacylglycerols (TRG) ≥ 150 mg/dl, high density
lipoprotein cholesterol (HDL-C) ≤ 40 mg/dl , systolic blood
pressure (SBP) ≥ 130 mm Hg, diastolic blood pressure (DBP)
≥ 85 mm Hg.
E. Laboratory Measurement of Adipokines
Analyses to determine adiponectin, resistin, leptin,
chemerin, vaspin, and progranulin concentrations were
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II. PATIENTS AND METHODS
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Fig. 1 Ratios of leptin, chemerin and vaspin to adiponectin in three
groups
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III. RESULTS
A total of 80 prepubertal children were included into the
scope of this study. Fig. 1 shows box plot diagrams of leptinto-adiponectin, chemerin-to-adiponectin and vaspin-toadiponectin in NW, MO and MetS groups.
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BMI and D2 indices, waist-to-hip, head-to-neck ratios
observed in MO and MetS groups (p≥0.05). Among all
adipokines studied, progranulin was the only parameter, which
exhibited statistically significant differences between the
groups (p≤0.01). Vaspin and resistin did not differ between
NW and MO groups. In MO group, the ratios of leptin,
chemerin and vaspin to adiponectin were found to be
statistically higher than those calculated for NW.
In Fig. 2, the correlations between progranulin-toadiponectin and vaspin-to-adiponectin in children with NW
(a), MO (b) and MetS (c) groups were shown.
The correlations between vaspin-to-adiponectin and
progranulin-to-adiponectin were significant (p≤0.05) in all
groups.
Fig. 3 shows graphs drawn for the correlations between
chemerin-to-adiponectin and vaspin-to-adiponectin in three
groups ((a) NW, (b) MO, (c) MetS)
The ratios of vaspin-to-adiponectin as well as chemerin-toadiponectin were not correlated in NW group, whereas they
are correlated in MO group (r= 0.486; p≤0.05). A strong
positive correlation between vaspin-to-adiponectin and
chemerin-to-adiponectin was calculated in MetS group
(r=0.609; p≤0.01). Any correlation could not be found
between vaspin and progranulin as well as chemerin levels.
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Fig. 2 Correlations between progranulin-to-adiponectin and vaspinto-adiponectin in three groups (a) NW, (b) MO, (c) MetS
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No statistically significant difference was noted between
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r=-0.435; p≤0.05 and r= 0.541; p≤0.05, respectively.
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IV. DISCUSSION
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Fig. 3 Correlations between chemerin-to-adiponectin and vaspin-toadiponectin in three groups (a) NW, (b) MO, (c) MetS
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Fig. 4 Correlations of adiponectin with waist-to-hip (a) as well as
head-to-neck (b) ratios in MetS group

In Fig. 4, adiponectin was found to be correlated both with
waist-to-hip (a) and with head-to-neck (b) ratios in MetS
group.
Correlations between adiponectin and waist-to-hip ratio as
well as adiponectin and head-to-neck ratio were found to be as
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Proinflammatory and anti-inflammatory cytokines are
known to participate in clinical disorders. There are many
studies reporting the cytokine ratios such as TNF-α/IL-10, IL10/IL-6, IFN-γ/IL-4 [17]-[20]. However, adipokine ratios are
not mentioned so frequently.
The most frequently reported adipokine ratio is leptin-toadiponectin ratio (LAR). This ratio has been introduced as a
biomarker of systemic insulin sensitivity in normoglycemic
women [21]. In a study performed on adolescents, LAR was
found to be related to insulin sensitivity also in children [22].
In another study, LAR, which could be used as a marker for
IR was investigated in adults with MetS. It was concluded that
low LAR is a predictor for the regression of MetS. It is
suggested that this ratio could be a useful clinical marker for
the management of high risk individuals with MetS [23].
In our study this ratio was found to be significantly
increased both in MO as well as MetS groups compared to that
of children with normal BMI (p≤0.001). There was not any
difference between the values calculated in MO and MetS
groups.
Gumanova et al [24] reported that ratios of leptin-to-insulin
and adiponectin-to-endothelin are sex-dependently associated
with the extent of coronary atherosclerosis. These ratios are
suggested as useful biomarkers for noninvasive diagnosis of
initial stages of coronary lesions in patients with coronary
artery disease. It is also reported that adiponectin-to-resistin
index was found to be strongly associated with acute coronary
syndrome [25]. Utility of adiponectin-to-leptin and
adiponectin-to-resistin ratios as potential biomarkers of
polycystic ovary syndrome (PCOS) were also examined.
These ratios were negatively correlated with BMI,
homeostatic model assessment-IR and free insulin [26]. In a
similar manner, the ratios of resistin-to-adiponectin were
reduced in obese women with PCOS [27]. We have calculated
resistin-to-adiponectin ratios in all of three groups; however,
no statistically significant difference was noted between the
groups (p≥0.05).
In our study, we have calculated adipokine ratios. These
ratios were chemerin-to-adiponectin, vaspin-to-adiponectin
and progranulin-to-adiponectin. First two ratios exhibited
similar patterns, as in the case of leptin-to-adiponectin. The
values obtained in MO and MetS groups did not differ
statistically from one another. However, they were
significantly higher than the values detected for children with
normal BMI (p≤0.001).
Progranulin-to-adiponectin ratio, which was correlated with
vaspin-to-adiponectin ratio in all groups, was the highly
recommended adipokine index (p≤0.01).
Lack of correlation in NW group, however, existence of a
correlation in MO group and the finding of a much stronger
correlation observed in MetS group between vaspin-toadiponectin and chemerin-to-adiponectin are quite important
from the evaluation of the clinical utility of adipokine ratios
point of view, because vaspin levels were not correlated with
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progranulin as well as chemerin levels.
Children with MetS exhibited interesting correlations,
which were confined to this group only. In this group,
adiponectin was correlated negatively with waist-to-hip and
positively with head-to-neck ratios.
Interpretation
of
progranulin-to-adiponectin
ratios,
correlations between vaspin-to-adiponectin and chemerin-toadiponectin ratios, correlations between adiponectin and
waist-to-hip as well as head-to-neck ratios will be helpful
during the evaluation of MetS in MO children.
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