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Abstract
BACKGROUND: Childhood obesity is a global threat with subsequent health problems among which the most 
important manifestations are the cardiovascular problems. It is now claimed that adipokines secreted by adipose 
tissue are responsible for such consequences. Newly discovered adipokines, chemerin and apelin, are under 
investigation for their link with obesity-related comorbidities.

AIM: The aim of the present study was to assess the serum levels of chemerin and apelin in obese children and to 
explore the correlation between these two biomarkers and the inflammatory as well as the endothelial cell activation 
markers.

PATIENTS AND METHODS: This study was a cross-sectional case control study that comprised 45 pre-pubertal 
obese children aged (6–<12) years old of both sexes (22 males and 23 females), in addition to 45 matched age 
and sex lean children serving as controls (21 males and 24 females). Serum levels of chemerin, apelin, ICAM-1, 
E-selectin and hs-CRP were measured for obese and controls.

RESULTS: Obese children showed higher levels of chemerin, apelin, ICAM-1, and E-selectin than controls. 
Chemerin and apelin showed significant correlation with all parameters except for age. Anthropometric parameters 
with hs-CRP revealed significant correlation even after adjustment for age and sex while only apelin showed a 
significant correlation with age. Multiple regression analysis with hs-CR, E-selectin, and ICAM-1 as dependent 
variables and BMI Z-score, age, sex, chemerin, and apelin as independent variables showed an effect of chemerin 
and apelin on the increased levels of hs-CR, E-selectin, and ICAM-1.

CONCLUSION: Elevated levels of chemerin and apelin may serve as indices of ongoing obesity-related disorders 
in obese children.
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Introduction

Obesity is a global health problem, with 
an estimated prevalence by the WHO that 2 billion 
individuals being obese or overweight, among whom 
340 million are children and adolescents [1]. Obesity is 
a major risk factor for many health complications among 
which the most serious issues are the cardiovascular 
diseases (CVD) that lead to the decrease in life 
expectancy [2]. One early sign of CVD development is 
the endothelial dysfunction and subclinical inflammation, 
which is observed in childhood and is considered as 
the first phase of CVD development in the adulthood 
[3]. In obese children, multiple cardiovascular 
risk factors as hypertension, dyslipidemia, insulin 
resistance, physical inactivity, pro-inflammatory status, 
and adipocytokines production tend to cluster and 

negatively affect endothelial performance [4]. Among 
the newly discovered adipokines that have an effect on 
the endothelial functionality are chemerin and apelin.

Chemerin is a novel adipokine which was 
found to increase in obesity and may have an effect 
on the vascular endothelium as well, since it was found 
that the increased circulating level of chemerin in obese 
children had a positive correlation with the extent of 
endothelial malfunction. Furthermore, in vitro studies 
showed that the addition of chemerin to the cultured 
endothelial cells leads to the elevation of adhesion 
molecules expression, the important components in the 
process of atherosclerosis [5].

Another new adipokine is apelin which has an 
effect on the endothelial cells but this effect showed 
some discrepancy. On the one hand, it was reported to be 
beneficial through promoting vasodilatation by inducing 
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endothelial nitric oxide synthase and promoting nitric 
oxide release as well as increasing cGMP levels  [6]. 
On the opposite hand, Lu et al. in 2012 have stated 
that apelin induced adhesion of monocytes to umbilical 
vein endothelial cells by increasing the expression of 
cell adhesion molecules and thus promoting endothelial 
function impairment [7].

The obese children either represent as 
earlier stages of pathogeneses or with free interfering 
comorbidities so it is important to conduct studies in 
children to gain better insight into the association of 
chemerin and apelin with the early stages of obesity-
related diseases.

In the present study, chemerin and apelin levels 
of obese children in comparison to the healthy controls 
were detected. Furthermore, the correlation of these 
two adipocytokines with hs-CRP (as an inflammatory 
marker) and makers of endothelial cell activation 
(ICAM-1 and E-selectin) was investigated.

Subjects and Methods

Subjects

This study was a cross-sectional case–control 
study that comprised 45 pre-pubertal obese children 
aged (6–< 12) years old of both sexes (22 males and 
23 females), in addition to 45 matched age and sex lean 
children serving as controls (21 males and 24 females). 
Body mass index (BMI) was calculated (weight (kg)/
height (m2)) and plotted by age on the Egyptian sex-
specific growth charts [8]. Obese children were identified 
as BMI ≥95th percentile for their age while lean children 
were identified as BMI ≥15th percentile and below the 
85th  percentile. Children with other causes of obesity 
as identified syndromes or chromosomal defects or 
endocrinal disorders and those who were treated with 
drugs that may affect body weight if used for a long time 
as glucocorticoids as well as those with acute or chronic 
infectious disease were excluded from this study.

The study was carried out in the Obesity Clinic 
of Diabetes, Endocrine and Metabolism Pediatric 
Unit (DEMPU), Pediatric Hospital, Cairo University, 
and Management of Visceral Obesity and Growth 
Disturbances Unit at the Medical and Scientific Centre 
of Excellence, National Research Centre.

Ethical consideration and approval for this 
research were obtained from the Ethics Committees 
of the Faculty of Postgraduate Childhood studies, Ain 
Shams University, and Ethical Committee for Medical 
Research of the National Research Centre (Approval 
No.  15/103). All parents and children were carefully 
informed of the study protocol and a verbal approval 
was taken from each child participated in this study. In 
addition, a written informed consent was obtained from 

one of the parents after explanation of the aim of the 
study and the significance of identifying the serious effect 
of obesity on health, particularly at this phase of age.

Methods

All children were subjected to full medical history, 
clinical examination, anthropometric assessments, and 
laboratory investigations.

Anthropometric assessments

The anthropometric assessments included 
body weight (Wt), height (Ht), waist circumference 
(WC), and hip circumference (HC); then, BMI and 
waist-to-hip ratio (WHR) were calculated accordingly. 
BMI Z-scores were calculated following the WHO 
reference values 2007 for 5–19 years using AnthroPlus 
software [9]. WC Z-scores were calculated using recent 
validated LMS tables based on the data from the US 
NHANES III (National Health and Nutrition Examination 
Survey, 1988–1994) and the National Institutes of 
Health measurement protocol [10]. The landmarks in 
the used instruments and techniques were comparable 
to those recommended by the International Biological 
Program IBP [11].

Laboratory investigations

Laboratory estimation of hs-CRP, chemerin, 
apelin, ICAM-1, and E-selectin serum levels

A 5 mL of venous blood sample was withdrawn 
from each child after 12  h of fasting by professional 
laboratory technicians. The blood samples were left to 
clot and sera were separated by cooling centrifugation 
for 10 min at 1800× g at 4°C, then, the serum samples 
were stored at −80°C pending for analysis. hs-CRP 
was determined using hs C-reactive protein enzyme 
immunoassay (Xema-Medica, Russia) following the 
manufacture’s protocol. Serum levels of soluble ICAM 
and E-selectin were quantified using enzyme-linked 
immunosorbent assay (ELIZA) (SinoGeneClon Biotech 
Co., Ltd., China), according to the manufacturer’s 
manual. Chemerin and apelin concentrations were 
also measured in serum using ELISA kits (Wkea Med 
Supplies Corp., China), according to the manufacture’s 
specifications.

Statistical analysis

The clinical and laboratory data were recorded 
on an “Investigation report form.” These data were 
tabulated, coded, and then analyzed using SPSS 
software version  17, SPSS Inc., Chicago, IL, USA, 
to obtain the results. Descriptive statistics (mean ± 
standard deviation) were calculated, independent 
t-test, Pearson’s correlation, and stepwise regression 
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tests were used. Standard of probability was set to 
p < 0.01, which was considered highly significant and 
p < 0.05 which was considered statistically significant.

Results

A total of 45 obese and 45 control children 
were included in this study. The obese group was 
22 males and 23 females, with a mean age of 9.443 ± 
1.619 years while the control group was 21 males and 
24 females with a mean age of 9.021 ± 1.66 years. As 
expected, there were no significant differences in age 
or sex between the two groups. Wt Z-score, Ht Z-score, 
BMI, BMI Z-score, WC Z-score, WHR, SBP Z-score, 
DBP Z-score, chemerin, apelin, hs-CRP, E-selectin, and 
ICAM-1 were significantly higher in the obese children 
(Table 1 and Figure 1) versus the control counterparts.

Table  1: Clinical and laboratory characteristics of the study 
population

Obese (n = 45) Control (n = 45) p‑value
Mean  ± SD Mean  ± SD

Age, years 9.443 1.619 9.021 1.66 0.229
Anthropometry

Wt zÇ‑score 3.377 1.07 –0.178 0.877 0.000*
Ht z‑score 0.757 1.08 –0.926 3.957 0.007*
BMI z‑score 3.382 1.081 –0.068 1.174 0.000*
WC z‑score 2.0018 0.332 –0.272 0.978 0.000*
WHR 0.907 0.0512 0.8504 0.0414 0.000*

Blood pressure
SBP z‑score 0.4207 0.950 –0.2125 0.717 0.001*
DBP z‑score 0.4404 0.717 –0.0002 0.544 0.002*

Laboratory results
Chemerin (ng/L) 143.49 16.598 87.70 8.007 0.000*
Apelin (ng/L) 134.333 26.3197 57.273 12.0157 0.000*
hs‑CRP (mg/L) 4.889 0.5436 3.068 0.4215 0.000*
E‑selectin (ng/mL) 2.7644 0.479 0.657 0.1742 0.000*
ICAM‑1 (ng/L) 477.56 76.993 323.82 49.730 0.000*

Wt: Weight, Ht: Height, WC: Waist circumference, WHR: Waist‑to‑hip ratio, SBP: Systolic blood pressure, 
DBP: Diastolic blood pressure, hs‑CRP: High‑sensitive C‑reactive protein, ICAM‑1: Intercellular adhesion 
molecule 1. *Highly significant at p < 0.01.

Chemerin and apelin correlation with 
anthropometric, endothelial, and inflammatory 
parameters in both obese and whole groups (obese and 
control) was investigated to illustrate the relationship 
between them (Tables  2 and 3). In the obese group, 
chemerin only showed a significant correlation 
with hs-CRP which remained significant even after 
adjustment for age, sex, and anthropometry, while 
apelin only showed a significant correlation with age.

In the whole group, both chemerin and apelin 
showed a significant correlation with all parameters 
except for age; these correlations remained significant 
even after adjustment for age, sex, and anthropometry 
(Figures  2 and 3) except for blood pressure which is 
lost after doing the adjustment.

Multiple regression analysis was also 
performed in the whole group to detect which is the 
strongest independent variable (age, sex, BMI Z-score, 
chemerin, and apelin) for the variability observed in 
hs-CRP, E-selectin, and ICAM-1 set as dependent 
variables (Table  4). The results showed that apelin, 

chemerin, and BMI Z-score are independent variables 
of hs-CRP and that chemerin is the strongest one 
contributing for 74.8% of hs-CRP variability followed 
by apelin which contributed for 61% of the variability. 
Regarding E-selectin; age, apelin, chemerin, and BMI 
Z-score are the independent variables and chemerin is 
the strongest contributing variable 73.7% for E-selectin 
variability followed by BMI Z-score which contributed 
to 68.1% of the variability while apelin contributed for 
64.3%. Age only exerted 18% of E-selectin variability. 
While for ICAM-1, apelin and chemerin are the only 
significant independent variables, apelin contributes to 

Figure  1: Comparison between obese and control groups 
regarding: Chemerin (a), apelin (b), E-selectin (c), ICAM-1 (d), and 
hs-CRP (e)
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Table  2: Correlation of chemerin serum levels with 
anthropometric indices, blood pressure, endothelial, and 
inflammatory parameters in obese (n = 45) and total (n = 90) 
children
Variables Chemerin

Obese (n = 45) Total (n = 90)
r p ra pa r p ra pa

Age( years) 0.015 0.923 ‑ ‑ 0.113 0.291 ‑ ‑
Anthropometry

Wt z‑score 0.058 0.779 ‑ ‑ 0.796** 0.0001 ‑ ‑
Ht z‑score 0.200 0.189 ‑ ‑ 0.298** 0.004 ‑ ‑
BMI z‑score 0.111 0.466 ‑ ‑ 0.7454** 0.0001 ‑ ‑
WC z‑score 0.162 0.287 ‑ ‑ 0.753** 0.0001 ‑ ‑
WHR 0.064 0.676 ‑ ‑ 0.4626** 0.0001 ‑ ‑

Blood pressure
SBP z‑score 0.091 0.554 0.129 0.434 0.290** 0.006 0.016 0.886
DBP z‑score 0.073 0.632 0.086 0.602 0.323** 0.002 0.064 0.564

Laboratory results
hs‑CRP 

(mg/L)
0.408** 0.005 0.396* 0.010 0.691** 0.0001 0.691** 0.0001

E‑selectin 

(ng/mL)
0.037 0.807 0.014 0.933 0.408** 0.0001 0.408** 0.0001

ICAM‑1 

(ng/L)
0.091 0.552 0.084 0.611 0.419** 0.0001 0.419** 0.0001

Wt: Weight, Ht: Height, WC: Waist circumference, WHR: Waist‑to‑hip ratio, SBP: Systolic blood pressure, 
DBP: Diastolic blood pressure, hs‑CRP: High‑sensitive C‑reactive protein, ICAM‑1: Intercellular adhesion 
molecule 1. aPartial correlation analysis after adjustment for anthropometric parameters, age, and sex. 
*Significant at p < 0.05, **Highly significant at p < 0.01
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54.3% of ICAM-1 variability while chemerin contributes 
to 53.9% of ICAM-1 levels.

Discussion

Childhood obesity is now considered a global 
burden with serious associated morbidities. Chemerin 
and apelin are newly discovered adipokines that recent 

researches have linked them to such morbidities. The 
current work illustrated the data of a sample of Egyptian 
children [obese and control (non-obese)] to find out 
correlations if present between chemerin and apelin 
and markers of inflammation (represented by hs-CRP) 
and vascular endothelial cell activation (represented by 
ICAM-1 and E-selectin) in attempt to predict the risk for 
cardiovascular diseases in these children.

Obese children in the present study showed 
significantly elevated serum chemerin and apelin levels 
compared to their levels in the controls. These results 
are in agreement with the previous studies conducted 
on chemerin in adults [12], [13] and children [14] and 
on apelin also in adults [15], [16] and children [17]. The 
elevation of these adipokines is due to the fact that 
adipose tissue is considered as a common source for 
both chemerin and apelin. The expression of chemerin 
and apelin as well as their receptors has been found to 
be increased in the fat cells of obese subjects [18].

Furthermore, in this study, blood pressure, 
hs-CRP, and endothelial adhesion molecules were 
found to be significantly enhanced in obese subjects 
in comparison with the controls. These findings are in 
harmony with the previous studies conducted on obese 
adults [19] and children [5] indicating an increased risk 
of cardiovascular complications.

The main objective of the current investigation 
was to evaluate the potential correlations of chemerin 
and apelin with early obesity-related vascular 
alterations. In this study, both chemerin and apelin 

Table 3: Correlation of apelin serum levels with anthropometric 
indices, blood pressure, endothelial, and inflammatory 
parameters in obese (n = 45) and total (n = 90) children
Variables Apelin

Obese Total
r p ra pa r p ra pa

Age (years) −0.340 0.022* ‑ ‑ 0.01 0.921 ‑ ‑
Anthropometry

Weight 
z‑score

0.116 0.573 ‑ ‑ 0.792** 0.0001 ‑ ‑

Height 
z‑score

0.144 0.346 ‑ ‑ 0.208* 0.05 ‑ ‑

BMI z‑score 0.073 0.636 ‑ ‑ 0.7384** 0.0001 ‑ ‑
WC z‑score 0.013 0.933 ‑ ‑ 0.750** 0.0001 ‑ ‑
WHR 0.035 0.821 ‑ ‑ 0.4799** 0.0001 ‑ ‑

Blood pressure
SBP z‑score –0.105 0.493 0.000 0.998 –0.279** 0.008 –0.004 0.971
DBP z‑score 0.006 0.967 0.116 0.483 0.324** 0.002 0.102 0.358

Laboratory results
hs‑CRP 

(mg/L)
–0.069 0.653 –0.113 0.480 0.781* 0.0001 0.514** 0.0001

E‑selectin 

(ng/mL)
–0.249 0.100 –0.255 0.118 0.802** 0.0001 0.408** 0.0001

ICAM‑1 

(ng/L)
0.220 0.147 0.220 0.147 0.737** 0.0001 0.419** 0.0001

Wt: Weight, Ht: Height, WC = Waist circumference, WHR: Waist to hip ratio, SBP: Systolic blood pressure, 
DBP: Diastolic blood pressure, hsCRP: High sensitive C reactive protein, ICAM‑1: Intercellular adhesion 
molecule 1. aPartial correlation analysis after adjustment for anthropometric parameters, age and sex. 
*Significant at p < 0.05, **Highly significant at p < 0.01

Figure 2: Correlation of chemerin serum level with BMI Z-score (a), hs-CRP (b), ICAM-1 (c), and E-selectin (d) in total children (n = 90).* 
Group 1 (closed circles) obese group and Group 2 (open circles) control group
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showed no correlation with SBP Z-score and DBP 
Z-score in obese children and on correlating them with 
SBP Z-score and DBP Z-score in the whole recruited 
group, we identified a significant correlation which, 
however, was lost after adjustment of BMI Z-score and 
age in the partial correlation analysis. These results 
come in line with the previous studies conducted on 
children [5], [20] and on adults [21], [22]. The observed 
differences in results from clinical studies in adults 
might be due to the fact that children represent an early 
stage of pathogenic processes and they are free from 
severe obesity-associated morbidities.

Obesity is well recognized to be a status of 
low-grade chronic inflammation, and this process of 
inflammation is assumed to be a primary step in the 
progression of obesity-related morbidities, in particular 
vascular alterations [23]. The hs-CRP is known to 

be elevated with the occurrence of inflammation or 
tissue damage and it is widely applicable in laboratory 
monitoring of inflammation and it is more sensitive and 
accurate than ordinary CRP [24]. In the present study, 
chemerin showed a significant positive correlation with 
hs-CRP in both the obese and the whole group which 
remained significant even after adjustment of the BMI 
Z-score, sex, and age in the partial correlation analysis. 
Those findings are accordant with the previous studies 
which showed that the elevated chemerin levels are 
positively associated with an increase in levels of 
CRP [25], [26].

On the other hand, the correlation between 
apelin and CRP was found to be controversial. Some 
studies reported a positive correlation between CRP 
and apelin [27] and that the upregulation of apelin in 
response to inflammation is possibly a compensatory 
mechanism to limit the metabolic consequences [28]. 
Other studies found a negative association between 
CRP and apelin [29], [30], these studies attributed this 
result to the anti-inflammatory role of apelin. In our 
study, apelin showed no correlation with hs-CRP in the 
obese group while in analyzing such correlation in the 
whole group, it showed a positive significant correlation 
before and after the adjustment for age, sex, and BMI.

Endothelial dysfunction has been found to play a 
fundamental pathophysiological role in the development 
and complications of vascular disease  [31]. Various 
cellular adhesion molecules, including VCAM-1, ICAM, 
and selectins (E-selectin, P-selectin, and L-selectin), 
are utilized as biomarkers for endothelial injury [32], [33]. 
The E-selectin and ICAM-1 have been determined 
before as a way to access vascular endothelial 

Table  4: Multiple regression analyses for independent 
associations of chemerin and apelin levels with inflammatory 
parameters and markers of endothelial activation in the whole 
group (n = 90)
Variables Parameter r2 B ± SEM p
Dependent Independent
hs‑CRP
r2 = 0.780
p < 0.001

BMI Z‑score, 
age, sex, 
chemerin, 
apelin

Age 0.013 0.002 ± 0.003 0.383
Sex 0.001 0.039 ± 0.109 0.851
BMI Z‑score 0.535 0.069 ± 0.041 0.098
Chemerin 0.748 0.020 ± 0.003 < 0.001*
Apelin 0.610 0.005 ± 0.002 0.038*

E‑selectin
r2 = 0.833
p < 0.001

BMI Z‑score, 
age, sex, 
chemerin, 
apelin

Age 0.018 0.008 ± 0.006 0.06*
Sex ‑0.011 0.093 ± 0.104 0.372
BMI Z‑score 0.681 0.204 ± 0.039 < 0.001*
Chemerin 0.737 0.015 ± 0.003 < 0.001*
Apelin 0.643 0.005 ± 0.002 0.032*

ICAM‑1
r2 = 0.618
p < 0.001

BMI Z‑score, 
age, sex, 
chemerin, 
apelin

Age 0.001 −0.375 ± 0.356 0.295
Sex 0.001 −4.251 ± 14.117 0.764
BMI Z‑score 0.453 7.768 ± 5.354 0.151
Chemerin 0.539 1.134 ± 0.408 0.007*
Apelin 0.543 0.790 ± 0.408 0.007*

hs–CRP: High‑sensitive C‑reactive protein, ICAM‑1: Intercellular adhesion molecule 1.

Figure 3: Correlation of apelin serum level with BMI Z-score (a), hs-CRP (b), ICAM-1 (c), and E-selectin (d) in total children (n = 90). *Group 1 
(closed circles) obese group and Group 2 (open circles) control group
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activation in obese children [31], [34]. To investigate a 
potential direct link of chemerin and apelin to vascular 
endothelial dysfunction in more detail, we analyzed the 
correlation between chemerin and apelin with measures 
of endothelial activation in the form of E-selectin and 
ICAM-1.

Chemerin was reported to be linked to and 
could be an independent predictor of endothelial 
dysfunction [35], [36]. The possible mechanisms to 
explain such association are based on the ability of 
chemerin to reduce the production or bioavailability 
of endothelium-derived NO through NO synthase 
uncoupling and peroxide overproduction within 
vasculature [37]. In addition, chemerin could enhance 
the expression and secretion of cell adhesion molecules 
as E-selectin, VCAM-1, ICAM-1, and monocyte-
endothelial adhesion [35], [36]. On the opposite hand, 
apelin role in endothelial dysfunction was found to be 
debatable as some studies have shown that apelin has 
a beneficial role leading to the increase of vascular NO 
production and reverses endothelial dysfunction [38] 
in addition to reducing macrophage infiltration into the 
arterial wall by a direct anti-inflammatory role [39], other 
studies stated that apelin may have a harmful effect as it 
has been found that plasma apelin correlates positively 
with levels of the adhesion molecules as VCA-M-1, 
E-selectin, and ICAM1 (all of which are markers of 
endothelial dysfunction) in both clinical [40], [41] and 
laboratory studies [7].

In the present study, chemerin showed no 
correlation with both E-selectin and ICAM-1 in obese 
children which are in contrast with the previous 
studies which showed a positive correlation between 
chemerin and endothelial adhesion molecules [5], so 
we analyzed the association in the whole group which 
showed a positive significant association between 
chemerin and endothelial adhesion molecules that 
remained significant even after adjustment for age, 
sex, and BMI. Similar to chemerin, our results showed 
that apelin has no association with both E-selectin and 
ICAM-1 in obese children. On analysis of the whole 
study group, we found a significant positive association 
between apelin and E-selectin as well as ICAM-1 which 
persisted even after adjustment for age, sex, and BMI.

On performing multiple regression analysis, 
both apelin and chemerin were found to be independent 
variables that contribute in high levels of hs-CRP and 
the endothelial adhesion molecules (E-selectin and 
ICAM-1).

Conclusion

The outcomes received in this research 
study highlight the role of circulating chemerin and 
apelin in the pathophysiology of childhood obesity 

and cardiometabolic consequences. Furthermore, our 
findings suggest that both chemerin and apelin have 
a significant value and may offer a screening test for 
cardiovascular morbidities in obese children. However, 
the cross-sectional nature of this study limits the finding 
of causal relations, and our small sample size is another 
limitation of this study, so longitudinal studies with larger 
sample size are required to justify these data.
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