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A B S T R A C T

Objectives: Obesity and being overweight among adolescents pose a significant problem and are known to
cause several physical and biochemical disorders during adulthood. This study was designed to identify the
biomarkers of obesity and describe associations with selected metabolic disorders of obesity among Sri Lan-
kan adolescents.
Methods: The present study compared the characteristics of obese (n = 121) and normal weight (n = 263) ado-
lescents, including sociodemographic, anthropometric, and selected biochemical parameters (e.g., lipid pro-
file, serum leptin, adiponectin, and high-sensitivity C-reactive protein [hs-CRP]). An enzyme-linked
immunosorbent assay technique and fully automated clinical chemistry analyzer were used to analyze the
biochemical parameters among adolescents ages 10 to 16.
Results: The mean age of the sample was 13.1 y [standard deviation (SD): 1.9 y], and the male-to-female ratio
1:1. The mean weight of obese children was 55.70 kg (SD: 14.82 kg), which was significantly higher than that
of children of normal weight [41.63 kg (SD: 7.88 kg)]. Total cholesterol, triacylglycerol, and low-density lipo-
protein cholesterol levels were significantly higher (P = 0.000) among obese adolescents compared with
those of normal weight. High-density lipoprotein cholesterol was significantly lower among obese adoles-
cents. Serum leptin and hs-CRP were higher among obese adolescents, but adiponectin was lower. In the
multivariate analysis, owing to confounding effects among the tested adipokines, serum leptin was the only
predictor of an abnormal lipid profile.
Conclusions: Serum leptin, adiponectin, and hs-CRP were found to be reliable biomarkers of predicting adi-
posity related metabolic disorders in adolescents. Obese adolescents showed disorders in the lipid metabo-
lism with abnormal lipid profiles compared with children of normal weight.
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Introduction

In the spectrum of malnutrition, being overweight or obese is
one extreme. The World Health Organization (WHO) defines over-
weight and obese as “abnormal or excessive fat accumulation that
may impair health.” Overweight or obesity in children is a global
public health issue and its prevalence, especially in urban settings,
is trending upward worldwide regardless of the economic status of
the individual country [1].
Besides being a source of energy, adipose tissue is recognized as
an endocrine organ and plays an important role in modulating
insulin activity, inflammation, and vascular thrombosis [2]. Adi-
pose tissue secretes adipokines, regulated by multiple signaling
pathways, and acts on different receptors, which markedly influen-
ces lipid and glucose/insulin metabolism, oxidative stress, and car-
diovascular integrity [3].

Markers for early identification of comorbidities of childhood
obesity are not clearly defined and require new strategies [4].
Although there are identified risk factors related to obesity, such as
prothrombotic factors (fibrinogen, plasminogen activator inhibi-
tor-1, homocysteine), proinflammatory factors (C-reactive protein
[CRP], interleukin [IL] 6, tumor necrosis factor [TNF] alpha), and
some adipocytokines (leptin, adiponectin) [5], they have not yet
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been fully explained. The impact of increased body weight in chil-
dren and the risks of developing atherosclerosis and overall cardio-
metabolic risks have not been clearly defined.

Leptin is associated with control of body weight, and affects
insulin sensitivity [6]. In vitro studies show that physiological con-
centrations of leptin inhibit insulin secretion and insulin mediated
function in islet cells and adipocytes [6]. Although clinical surveys
show a relationship between leptin and insulin resistance (IR) [7],
only a few have been performed in adolescents.

Adiponectin, an antiinflammatory adipokine, appears to have a
role in the regulation of energy balance and peripheral tissue lipid
metabolism [2]. Most studies on adiponectin and IR have been per-
formed in rodents, nonhuman primates, and adult subjects who
are obese and have type 2 diabetes. However, information on cir-
culating levels of adiponectin in children is scarce [3].

CRP is an acute phase reactant and a marker of systemic inflam-
mation, which in turn is a marker of atherosclerosis. In particular,
CRP levels measured by a high-sensitivity (hs) assay is recognized
as a useful and sensitive predictor of the future risk of myocardial
infarction and stroke [8]. Although CRP levels in adults are well
known to elevate with age, increasing body mass index (BMI)
score, smoking status, and progression of hypertension [9], infor-
mation on hs-CRP and its clinical significance as a marker of
inflammation in children is scarce.

Therefore, we investigated the relationship between serum lep-
tin, adiponectin, hs-CRP, and anthropometry and lipid profile
among Sri Lankan adolescents. Furthermore, this knowledge will
enable an understanding of the metabolic effects of these cytokines
and predict the cardiometabolic outcomes among adolescents.

Methods

Study population

A case control study was conducted between 2017 and 2019 in all Divisional
Secretariat (DS) divisions in the Colombo district. The study population was obese
(cases) and normal-weight (controls) adolescents, ages 10 to 16 y, who were
selected after obtaining informed consent from the adolescents and their guardi-
ans. A stratified random sampling method was used. Each DS division was consid-
ered as a stratum, and the total sample was divided among the DS division
according to the probability proportions depending on the population of adoles-
cents in each DS division. Accordingly, 121 obese and 263 normal-weight adoles-
cents of both sexes were included.

Adolescents ages 10 to 16 y, whose z-score values for BMI-for-age were more
than +1 standard deviation (SD) according to the WHO child growth reference of
2007 [10], were considered as cases. A control was an adolescent age 10 to 16 y,
whose z-score value for BMI-for-age was between �2 and +1 SD according to the
WHO child growth reference of 2007. Adolescents with acute febrile diseases and
trauma causing discomfort or interfering with the biochemical parameters (espe-
cially hs-CRP) were excluded. Acute febrile diseases were defined as infection or
inflammation, along with the use of antipyretic, analgesic, or antibiotic agents
within 3 wk of recruitment into the study. In addition, adolescents with dysmor-
phic pathologies, drug therapy, lesions of the central nervous system, and clinical
conditions that could affect the endocrine and metabolic status or normal growth
were excluded.

Data collection

Anthropometric measurements
Height and weight were measured using standard techniques [11]. Partici-

pants were wearing only their school uniform with no tie, badge, footwear, or
other accessories. Body weight was measured to the nearest 0.1 kg using cali-
brated electronic weighing scales (Seca 770, Digital Scales, Seca Ltd., Birmingham,
United Kingdom). Height was measured using a portable Stadiometer (Seca Stadi-
ometer, Seca Ltd., Birmingham, United Kingdom) and recorded to the nearest mm.
The z-score values for BMI-for-age were calculated using AnthroPlus software.
Overweight (> +1 SD) and obesity (> +2 SD) were defined according to the WHO
child growth reference of 2007 [10].

Waist circumference (WC) to the nearest 0.1 cm was measured using a flexible
plastic tape placed midway between the last rib and iliac crest. WC measurements
were classified according to the British WC percentiles. The 90th percentile was
considered obese [12]. Total body fat percentage (BF%) was estimated using a
commercially available Karada scan body composition monitor with a scale (body
fat analyzer; bioelectrical impedance analysis [BIA]; HBF-362 model; OMRON).
The BF% to the nearest 0.1% was recorded. BF% was defined according to the charts
published by McCarthy et al. in 2006 [13].

Collection of venous blood samples and biochemical analysis
Venous blood samples were taken after 12 h of fasting. Approximately 5 mL of

venous blood was collected under aseptic conditions using sterile needles by an
experienced nursing officer from the Colombo South Teaching Hospital. Blood was
collected into both plain an ethylenediaminetetraacetic acid bottles (2.5 mL to
each). Blood was allowed to clot for 30 to 45 min at room temperature, and serum
was separated centrifuging at 3000 rpm for 5 min. Separated serum/plasma was
aliquoted and stored between �20°C and �80°C pending batch analysis.

Total cholesterol (TC; cholesterol oxidase phenol 4-amino antipyrene peroxi-
dase method), triacylglycerol (TG; glycerol phosphatase oxidase-phenol 4-amino
antipyrene peroxidase method), and high-density lipoprotein cholesterol (HDL-C;
cholesterol oxidase phenol 4-amino antipyrene peroxidase method) were deter-
mined by using the Konelab 20 XT auto analyzer (Thermo Scientific Co, Finland).
Low-density lipoprotein cholesterol (LDL-C) was calculated using the Friedwald’s
formula as follows: LDL-C = TC (mg/dL) � HDL-C (mg/dL) � (TG/5) mg/dL.

Quantitative measurements of serum leptin, adiponectin, and hs-CRP were
done using commercially available enzyme-linked immunosorbent assay kits
(DRG International, Inc, Springfield Township, NJ), and absorbance was measured
using spectrophotometry at 450 nm (Multiskan FC enzyme-linked immunosorbent
assay microplate photometer; Thermo Scientific Co., Finland).

Statistical analysis

Data were coded and entered into the Statistical Package for Social Sciences
software, version 20.0. A probability of P< 0.05 was considered statistically signifi-
cant. Anthropometric measurements are presented as means and SD. Continuous
variables were tested for normality by using skewness and kurtosis value of distri-
bution, which are relatively reliable in both small and large samples [14]. An
acceptable range of skewness and kurtosis between �1 and +1 was used to deter-
mine normality [15]. Skewed variables were log transformed. An independent
sample t test was used to compare anthropometric and biochemical parameters of
obese and normal-weight adolescents. Pearson’s correlation was used to deter-
mine correlates of leptin, adiponectin, and hs-CRP serum levels.

Multiple regression analyses were performed to assess the collective effect of
serum leptin, adiponectin, and hs-CRP on identified metabolic disorders among
adolescents, including obesity (including both overweight and obese), WC > 90th
percentile, high waist:hip ratio (WHR), waist:height ratio (WHtR), and abnormal
lipid profiles (high TC, high TG, high LDL-C, and low HDL-C).

Ethical considerations

Participation in the study was strictly voluntary and participants were free to
refuse or withdraw from the study at any stage. Informed written consent and
assent from participants was obtained after explaining the protocol and the advan-
tages of participation. A serial number was given to each participant to maintain
anonymity and confidentiality of the information. The results of the blood tests
were provided to the participants/guardians, and adolescents with abnormal find-
ings were referred to relevant specialists. Ethical clearance was obtained from the
ethics review committee of the Faculty of Medical Sciences at the University of Sri
Jayewardenepura before commencing the study.

Results

Anthropometric and biochemical parameters among obese and
normal-weight adolescents

The mean age of the sample is 13.1 y (SD: 1.9 y), and the male-
to-female ratio is 1:1. The mean weight of obese adolescents was
55.70 kg (SD: 14.82 kg), which was significantly higher than that of
normal-weight children (41.63 kg [SD: 7.88 kg]). The anthropomet-
ric and biochemical parameters of obesity and normal weight are
shown in Table 1. Anthropometric characteristics, such as weight
(t [382] = 12.12; P = 0.000), BMI for age z score (t [382] = 21.23;
P = 0.000), BMI (t [382] = 14.67; P = 0.000), WC (t [382] = 18.54;
P = 0.000), hip circumference (t [382] = 11.20; P = 0.000), WHR
(t [382] = 6.34; P = 0.000), and WHtR (t [382] = 13.9; P = 0.000) were
higher among obese adolescents. Percentage of body fat derived
using a BIA (t [382] = 24.36) was also higher among obese adoles-
cents (P = 0.000) compared with those of normal weight.



Table 1
Anthropometric and biochemical parameters of obese and normal-weight
adolescents

Characteristic Obese (n = 121)
mean (SD)

Normal weight
(n = 263) mean (SD)

P-value*

Weight (kg) 55.70 (14.82) 41.63 (7.88) < 0.001
Height (cm) 151.73 (10.57) 150.28 (9.77) 0.188
BMI for age z score 1.51 (0.85) �0.26 (0.52) < 0.001
BMI (kg/m2) 23.81 (4.01) 18.25 (1.65) < 0.001
WC (cm) 84.9 (9.10) 69.83 (7.05) < 0.001
HC 90.65 (10.41) 79.27 (8.66) < 0.001
WHR 0.93 (0.74) 0.83 (0.06) < 0.001
WHtR 0.56 (0.06) 0.46 (0.04) < 0.001
BF% BIA 30.72 (3.46) 21.64 (3.35) < 0.001
TC (mg/dL) 175.87 (22.75) 153.53 (22.71) < 0.001
HDL-C (mg/dL) 39.84 (7.52) 48.57 (6.09) < 0.001
TG (mg/dL) 111.81 (34.41) 82.79 (31.09) < 0.001
LDL-C (mg/dL) 113.81 (22.76) 88.80 (22.09) < 0.001
Leptin (ng/mL) 26.33 (10.43) 9.27 (6.23) < 0.001
Adiponectin (mg/mL) 2.47 (0.82) 9.79 (5.36) < 0.001
hs-CRP (mg/l) 2.36 (0.69) 1.28 (0.63) < 0.001

BF% BIA, percentage of body fat mass by bioelectrical impedance analysis; BMI, body
mass index; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity
C-reactive protein; LDL-C, low-density lipoprotein cholesterol; SD, standard devia-
tion; TC, total cholesterol; TG, triacylglycerol; WC, waist circumference; WHR,
waist-to-hip ratio; WHtR, waist-to-height ratio.
*Independent sample t test.
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TC (t [382] = 8.92; P = 0.000), TG [t [382] = 8.21; P = 0.000), and
LDL-C (t [382] = 10.21; P = 0.000) were higher among obese adoles-
cents compared with those of normal weight, but HDL-C
(t [382] = �11.74; P = 0.000) was lower among those who were
obese. Serum leptin (t [382] = 14.86; P = 0.000) and hs-CRP
(t [382] = 9.22; P = 0.000) were also higher among obese adoles-
cents, but adiponectin was lower (t [382] = �8.41; P = 0.000).
Correlations between adipokines and anthropomorphic indices of
obesity and lipid profile

The correlation of serum leptin, adiponectin, and hs-CRP with
anthropometric and biochemical parameters are presented in
Table 2. All anthropometric parameters assessed, including BMI for
age z score (r = 0.690; P = 0.000), WC (r = 0.628; P = 0.000), WHtR
(r = 0.584; P = 0.000), and BF% BIA (r = 0.738; P = 0.000), showed a
strong positive correlation with serum leptin, but serum adiponec-
tin showed a significantly negative correlation with BMI for age z
score (r = �0.459; P = 0.000), WC (r = �0.358; P = 0.000), WHtR
Table 2
Anthropometric and biochemical correlates of serum leptin adiponectin and hs-CRP

Variable Leptin

r* P

BMI for age z score 0.690 < 0.001
WC 0.628 < 0.001
WHR 0.159 0.002
WHtR 0.584 < 0.001
BF% BIA 0.738 < 0.001
TC (mg/dL) 0.268 < 0.001
HDL-C (mg/dL) �0.354 < 0.001
TG (mg/dL) 0.194 < 0.001
LDL-C (mg/dL) 0.270 < 0.001
Leptin (ng/mL) ¡ ¡
Adiponectin (mg/mL) �0.402 < 0.001
hs-CRP (mg/L) 0.547 < 0.001

BF% BIA, percentage of body fat mass by bioelectrical impedance analysis; BMI, body mass
protein; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triacylglycero
*Pearson’s correlation coefficients.
(r = �0.377; P = 0.000), and BF% BIA (r = �0.453; P = 0.000). Simi-
larly, BMI for age z score (r = 0.453; P = 0.000), WC (r = 0.380;
P = 0.000), WHtR (r = 0.387; P = 0.000), and BF% BIA (r = 0.509;
P = 0.000) had a positive correlation with hs-CRP among the ado-
lescents assessed in this study. Serum leptin and hs-CRP positively
correlated with TC, TG, and LDL-C, but leptin and hs-CRP negatively
correlated with HDL-C. Serum adiponectin negatively correlated
with TC, TG, and LDL-C, but positively correlated with HDL-C. As
expected, the association between leptin and hs-CRP was strongly
positive, but adiponectin showed a negative association with leptin
and hs-CRP.

With multiple regression analyses, serum leptin, adiponectin, and
hs-CRP levels were found to be reliable biomarkers of predicting BMI
for age z score (F [3,380] = 171.50; P< 0.001; R2 = 0.57), body fat per-
centage (F [3,380] = 175.23; P < 0.001; R2 = 0.58), WHR
(F [3,380] = 55.05; P < 0.001; R2 = 0.30), and WHtR (F
[3,380] = 138.21; P < 0.001; R2 = 0.52) among adolescents (Table 3).
Furthermore, serum leptin is also a reliable biomarker of predicting
TC (F [3,380] = 25.49; P < 0.001; R2 = 0.16), HDL-C (F [3,380] = 37.96;
P < 0.001; R2 = 0.23), TG (F [3,380] = 25.90; P < 0.001; R2 = 0.17), and
LDL-C (F [3,380] = 29.59; P < 0.001; R2 = 0.18) among adolescents.
Serum adiponectin can be considered a reliable biomarker of predict-
ing HDL-C but not TC, TG, or LDL-C (Table 4).

Discussion

Obesity is well known to be associated with comorbidities, such
as hypertension, dyslipidemia, diabetes mellitus, and subsequently
leads to cardiovascular disease. Adipokines secreted from adipose
tissue is linked to these comorbidities in obesity. With increased
adiposity, leptin (an adipokine with proinflammatory properties)
is overproduced, but some adipokines with antiinflammatory or
insulin sensitizing properties (e.g., adiponectin) are decreased [16].
In addition, inflammatory markers, such as CRP, IL-6, and TNF-a,
are increased in obese individuals compared with those who are
lean [17]. This dysregulation in adipokine secretion is thought to
promote obesity-linked cardiometabolic disorders. Therefore,
serum leptin, adiponectin, and CRP were measured in the present
study because they are reliable biomarkers associated with obesity
and cardiovascular diseases.

The present study compared the levels of serum leptin (proin-
flammatory), adiponectin (antiinflammatory), and hs-CRP (marker
of inflammation) between obese and normal-weight adolescents.
The association between serum leptin, adiponectin, and hs-CRP
with anthropometry and lipid profile and IR were also assessed.
Adiponectin hs-CRP

r* P r* P

�0.459 < 0.001 0.453 < 0.001
�0.358 < 0.001 0.380 < 0.001
�0.257 < 0.001 0.165 0.001
�0.377 < 0.001 0.387 < 0.001
�0.453 < 0.001 0.509 < 0.001
�0.173 0.001 0.182 < 0.001
0.358 < 0.001 �0.344 < 0.001

�0.181 < 0.001 0.233 < 0.001
�0.203 < 0.001 0.173 0.001
�0.402 < 0.001 0.547 < 0.001
¡ ¡ �0.348 < 0.001

�0.348 < 0.001 ¡ ¡
index; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive
l; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio.



Table 3
Association between adipokines and anthropomorphic indices of obesity

Dependent variable Determinant Standardized Beta coefficient P 95% CI R2

BMI for age z score 0.57
Leptin 0.049 0.000 0.04�0.056
Adiponectin �0.057 0.000 �0.07 to �0.04)
hs-CRP 0.152 0.003 0.053�0.250

BF% BIA 0.58
Leptin 0.294 0.000 0.26�0.331
Adiponectin �0.139 0.000 �0.21 to �0.07)
hs-CRP 1.060 0.000 0.55�1.567

WC 0.48
Leptin 0.548 0.000 0.46�0.636
Adiponectin �0.545 0.000 �0.71 to �0.37)
hs-CRP 1.035 0.096 �0.186 to 2.256

WHR 0.30
Leptin 0.001 0.000 0.00�0.002
Adiponectin �0.006 0.001 �0.008 to �0.005
hs-CRP 0.013 0.008 0.004�0.023

WHtR 0.52
Leptin 0.003 0.000 0.003�0.004
Adiponectin 0.010 0.000 �0.005 to �0.003
hs-CRP �0.004 0.005 0.003�0.018

BF% BIA, percentage of body fat mass by bioelectrical impedance analysis; BMI, body mass index; CI, confidence interval; hs-CRP, high-sensitivity C-reactive protein; WC,
waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio.
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According to our findings, in the obese group, the concentra-
tions of serum leptin (26.33 ng/mL) and hs-CRP (2.36 mg/l) were
higher (P < 0.001), whereas serum adiponectin (2.47 mg/mL) was
lower (P < 0.001) compared with those of normal-weight adoles-
cents. A case control study among Portuguese children ages 6 to 17
y also report the relationship between markers of adiposity,
inflammation, and adipokines [18]. Serum leptin levels were signif-
icantly higher among obese adolescents (29.04 § 2.13 ng/mL) com-
pared with those of nonobese adolescents (4.76 § 0.87 ng/mL), but
serum adiponectin was significantly lower among obese adoles-
cents (3.23 § 0.19 mg/mL) compared with those of the controls
(4.76 § 0.87 mg/mL). In 2016, Mantovani et al. [19] also reported
similar findings with serum leptin levels and adiponectin among
obese adolescents in Brazil. In Greece, a study of obese and nonob-
ese children ages 7 to 16 y showed that hs-CRP in obese children
was high (6.1§ 1.08 mg/l) compared with that of the control group
(0.5 § 0.18 mg/l) [20].

Thus, leptin is an adipokine directly related to adiposity. In the
present study too, surrogates of adiposity (i.e., BMI Z score, WC,
WHtR, and BF%) had a strong positive correlation with serum leptin
Table 4
Association between adipokines and lipid profile

Dependent variable Determinant Standardized Beta coe

TC
Leptin 0.74
Adiponectin �0.24
hs-CRP 2.98

HDL-C
Leptin �0.22
Adiponectin 0.29
hs-CRP �0.65

TG
Leptin 1.02
Adiponectin �0.42
hs-CRP 4.08

LDL-C
Leptin 0.76
Adiponectin �0.44
hs-CRP 2.81

CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensiti
terol; TG, triacylglycerol.
concentration. The paradox of raised levels of leptin is explained by
the resistance to leptin via an increase in levels of suppressor of
cytokine signaling 3, which is an inhibitor of leptin signaling [21].
Thus, in obese adolescents, leptin leads to increased IR, homeo-
static imbalances, and vascular inflammation [22].

In present study, adiponectin has a negative correlation with
obesity and fat mass. The possible mechanism could be that syn-
thesis of adiponectin is inhibited in situations of cellular hypoxia
and oxidative stress, as well as by IL-6 and TNF-a, which are
increased with obesity [23]. Adiponectin production appears to be
regulated by insulin and inhibited in an IR state, which is also com-
mon with obesity [18,24]. Another mechanism for the downregula-
tion of adiponectin in obese individuals could be a 30% decline in
the expression of adiponectin receptors, AdipoR1 and AdipoR2, in
the skeletal muscles and liver [25].

Increased CRP in obese individuals is related to an increase in
adipokine, such as leptin, TNF-a, IL-1b, IL-6, and IL-8, which induces
the proinflammatory status and decreases in adiponectin and leads
to reduced antiinflammatory activity in the body [23]. This imbal-
ance in pro- and antiinflammatory status of the body induces the
fficient P 95% CI R2

0.16
0.000 0.50�0.98
0.298 �0.69 to 0.21
0.077 �0.32 to 6.28

0.23
0.000 �0.29 to �0.15
0.000 0.15�0.42
0.190 �1.62 to 0.32

0.16
0.000 0.69�1.35
0.192 �1.05 to 0.21
0.082 �0.51 to 8.67

0.18
0.000 0.52�0.99
0.054 �0.89 to 0.008
0.092 �0.46 to 6.08

vity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; TC, total choles-
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synthesis of CRP in the liver. In the present study, the associations of
each of the markers of obesity (i.e., leptin, adiponectin and hs-CRP)
was assessed with parameters related to cardiometabolic conse-
quences of obesity, including anthropometry (BMI for age Z score,
WC, WHtR, and BF %) and lipid profile (TC, TG, LDL-C, and HDL-C).

Serum leptin correlated positively with BMI Z score, WC, WHtR,
and BF%, which are indices of the extent of adiposity. The reverse
was found with serum adiponectin concentration, showing a nega-
tive correlation with BMI Z score, WC, WHtR, and BF%. Coutinho
et al. [26] also described the association between indicators of adi-
posity and reported similar findings with leptin correlating posi-
tively with BMI, WC, and BF%, and adiponectin correlating
negatively with BMI but not with central adiposity indices. These
findings also confirm the bidirectional association of body fat with
leptin and adiponectin.

In the present study, serum leptin correlated positively with TC,
TG, and LDL-C, but serum adiponectin had a negative correlation
with TC, TG, and LDL-C. The reverse was observed for HDL-C with a
positive correlation with serum adiponectin and a negative corre-
lation with serum leptin. These findings are comparable with those
of other studies conducted elsewhere. A study of obese and nonob-
ese children ages 6 to 9 y in Spain found that serum leptin posi-
tively correlated with TG and negatively with HDL-C, but
adiponectin correlated negatively with TG [27]. Mantovani et al.
[19] has also reported that plasma levels of adiponectin negatively
correlated with TG, and leptin concentrations positively correlated
with TG. However, in the present study, TC showed only a weak
correlation with serum leptin and adiponectin.

Serum TC, LDL-C, HDL-C, and TG are traditionally used to assess
cardiovascular risks in obese individuals [19]. The abnormalities
observed in our study are warnings of the risk of developing cardi-
ometabolic disorders among children. The association between
serum leptin, adiponectin, and CRP with an abnormal lipid profile
is explained by an proinflammatory state and impairment of endo-
thelial function [28,29]. The associations of leptin with proathero-
genic blood lipids can be explained by its role in IR, as well as
endothelial dysfunction and proinflammatory activity, which trig-
gers cardiovascular diseases [30]. In addition, preclinical and clini-
cal experiments show that obese rodents and humans displayed
leptin resistance that may directly contribute to the reduction of
lipid oxidation in insulin-sensitive organs, leading to the accumu-
lation of lipids and IR [31,32]. Furthermore, the bioavailability of
nitric oxide is compromised by increased levels of leptin and
reduces the vasodilatory capacity of the vessel. Endothelial dys-
function is considered the earliest step in the atherosclerotic pro-
cess and precedes any morphologic changes in the vessel wall. If
the inflammatory milieu is maintained, the arterial wall phenotype
undergoes progressive changes that culminate in the formation of
an atheromatous plaque [33]. Studies have shown that atheroscle-
rotic disease begins in childhood, mostly in children with cardio-
vascular risk factors [34]. Thus, childhood obesity is an important
predictor of morbidity and mortality in adulthood [35].

Serum adiponectin correlated negatively with serum TC, TG,
and LDL-C concentrations and positively with HDL-C. These find-
ings are consistent with those of previous studies reporting that
serum levels of TG and LDL-C were significantly increased but
HDL-C was decreased with decreasing adiponectin levels [18,26].
This could be due to the antiatherogenic activity of adiponectin by
increasing fatty acid uptake and oxidation through the activation
of AMP-activated protein kinase, p38-mitogenactivated protein
kinase, and peroxisome proliferator-activated receptor gamma
pathways [36,37].

Furthermore, hs-CRP shows a positive correlation with indica-
tors of obesity and a positive but weak correlation with TC, TG, and
LDL-C. Also, hs-CRP negatively correlated with HDL-C. Similar to
the present study, Pires et al. [18] reported that hs-CRP positively
correlated with BMI (r = 0.198; P = 0.031), WC (r = 0.236;
P = 0.031), and BF% (r = 0.230; P = 0.021). In addition, Valle et al.
[27] found that hs-CRP was positively correlated with TG and nega-
tively correlated with HDL-C.

In addition, hs-CRP is associated with the development of car-
diovascular diseases by mechanisms including altered sensitivity
to insulin induced by the proinflammatory status of adiposity,
increased liberation of adhesion molecules by endothelium,
increase in hepatic production of fibrinogen, and platelet coagula-
tion factors [38]. In conformity with the evidence in the literature,
the present study also found that hyperleptinaemia, hypoadipo-
nectinaemia, and high CRP levels in obese adolescents correlated
positively with the main variables of metabolic syndrome, namely
dyslipidemia, impaired glucose metabolism, abdominal obesity,
and proinflammatory state.

With the multivariate analysis, serum leptin, adiponectin, and
hs-CRP were found to be reliable biomarkers to predict adiposity.
Due to the confounding effects among these adipokines, serum
leptin was identified as the only predictor of an abnormal lipid pro-
file (TC, TG, LDL-C, and HDL-C). However, adiponectin, which was
low among obese individuals, was positively associated with HDL-
C and is a cardioprotective factor. Inflammation and adipokines
associated with adiposity seem to play an important role in the
pathogenesis of cardiometabolic disorders among obese children.
Measuring serum concentrations of leptin, adiponectin, and hs-
CRP in children may provide important prognostic information in
terms of future cardiovascular risk.
Conclusions

In the present study, serum leptin, adiponectin, and hs-CRP were
found to be reliable biomarkers of predicting adiposity-related meta-
bolic disorders in adolescents. Serum leptin was identified as the only
predictor of an abnormal lipid profile (TC, TG, LDL-C, and HDL-C) on
regression analysis. Adiponectin was positively associated with HDL-
C, which is a cardioprotective factor.
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