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Abstract Background The growing obesity pandemic is the leading cause for increasing prevalence of 
nonalcoholic fatty liver disease (NAFLD) in children. Histopathological evaluation of the liver 
remains the gold standard for NAFLD diagnosis, but it is an invasive procedure with a low but real 
risk of morbidity and mortality. The current study evaluated circulating chemerin and adiponectin 
as possible noninvasive diagnostic markers for NAFLD in obese non-diabetic children.

Methods A prospective case-control study was conducted, which included 101 obese children 
with biopsy-proven NAFLD and 57 age-  and sex-matched controls. The overall mean age of 
the children was 10.08±3.12 years. All underwent a full clinical assessment, routine laboratory 
investigation, and abdominal ultrasound. Homeostatic model assessment-insulin resistance was 
calculated and circulating chemerin and adiponectin were evaluated using ELISA.

Results Elevated serum chemerin and decreased serum adiponectin were significantly associated 
with an increased likelihood of exhibiting NAFLD. Receiver operator characteristic curve 
analysis for differentiation of NAFLD patients from those in the control group demonstrated that 
chemerin, at a cutoff value of 186.7  ng/mL, yielded a sensitivity and specificity of 56.44% and 
87.72% respectively (P<0.001), whereas adiponectin, at a cutoff value of 2.4 µg/mL, had a sensitivity 
and specificity of 74.26% and 3.51% respectively (P<0.001). Furthermore, body mass index, 
aspartate transaminase, alanine transaminase, triglycerides, and gamma-glutamyl transferase 
had significant positive correlations with chemerin and significant negative correlations with 
adiponectin (P≤0.001).

Conclusion Circulating chemerin and adiponectin could serve as simple noninvasive diagnostic 
markers for NAFLD in non-diabetic obese children.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) has become the 
most common cause of chronic hepatitis and liver-related 
morbidity and mortality worldwide. The histopathological 
features of NAFLD include steatohepatitis and fibrosis, with 
an increased risk of progression to end-stage liver disease, 
hepatocellular carcinoma (HCC), and indication for liver 
transplantation [1,2].

Childhood obesity is currently considered a global 
pandemic and represents one of the most serious public health 
problems of the 21st  century [3]. The estimated prevalence 
of NAFLD in the child population is about 10%, reaching 
40-70% among obese children [4]. Frequently associated with 
a low-grade systemic inflammatory status, obesity is the most 
common risk factor for pediatric NAFLD [5]. A low-grade 
systemic inflammatory status influences lipid metabolism, 
leading to changes in adipokine production by adipose tissue 
and subsequent interference with normal insulin function and 
development of insulin resistance [6,7], which represents the 
first “hit” in the NAFLD pathogenesis. The subsequent release 
of proinflammatory cytokines could cause a second hit, leading 
to nonalcoholic steatohepatitis (NASH) [8].

Early diagnosis and proper management of NAFLD may 
reduce its liver-related morbidities [9]. For the moment, 
histopathological evaluation of liver biopsy samples remains 
the gold standard for accurate diagnosis of NAFLD. However, 
being invasive, costly, and carrying a possible risk of sampling 
errors and serious complications [10], it would be desirable 
if biopsy could be replaced by noninvasive and affordable 
biomarkers for a precise diagnosis of NAFLD.

Serum concentrations of classic adipokines (e.g. 
adiponectin) are altered in NAFLD patients. Recently, the role 
of novel adipokines (e.g. chemerin) in the NAFLD pathogenesis 
has emerged. However, studies on serum concentrations of 
such adipokines in obese children with NAFLD are lacking [4].

The current study aimed to evaluate circulating adipokines 
(chemerin and adiponectin) as noninvasive biomarkers 
for NAFLD diagnosis in obese non-diabetic children and 
to explore their possible correlation with histopathological 
features of the disease.

Patients and methods

Research design and study population

This was a case-control study using prospectively collected 
data from 101 biopsy-proven NAFLD children below the age of 
18, as well as 57 age- and gender-matched healthy volunteers, 
consecutively recruited from the outpatient clinic of pediatric 
department, Faculty of Medicine, Banha University, during 
the period from January to June 2016. Patients with chronic 
viral hepatitis due to virus C or B, chronic alcohol intake, 
autoimmune hepatitis, Wilson’s disease, α1 antitrypsin 
deficiency, significant endocrinal disease, drug toxicity and 

those on total parenteral nutrition were excluded. Additionally, 
diabetic children and those taking drugs affecting lipid or 
carbohydrate metabolism were not allowed to enroll.

The study was conducted according to the guidelines laid 
down in the Declaration of Helsinki 1975, after receiving 
approval from the clinical research ethics committee of Faculty 
of Medicine, Banha University. Written subject assent and 
parental consent were obtained for all patients prior to their 
enrollment into the study.

Outcomes

The primary outcomes of the current study were as follows: 
establishing the usefulness of serum chemerin and serum 
adiponectin as noninvasive diagnostic biomarkers for NAFLD 
in obese non-diabetic children, setting a cutoff value of those 
markers at which NAFLD diagnosis could be highly suspected, 
and exploring the potential correlation between serum 
concentrations of candidate biomarkers and histopathological 
changes of NAFLD.

Participants’ assessment

Children were defined as obese if their body mass index 
(BMI) was equal to or above the 95th percentile [11]. Patients 
suspected to have NAFLD on the basis of clinically evident 
hepatomegaly, elevated hepatic necro-inflammatory markers 
(aspartate transaminase [AST] and alanine transaminase 
[ALT]), or fatty liver changes on abdominal ultrasound, had 
their diagnosis of NAFLD confirmed by liver biopsy. An 
ultrasound-guided liver biopsy was performed by a single 
expert hepatologist in all patients, after they had provided 
informed consent and when platelet count and coagulation 
profile were within an acceptable range, using an automatic 
true-cut (18G) needle. To be satisfactory, a specimen had to be 
at least 10 mm in length and contain at least 5 complete portal 
tracts. Biopsy specimens were stained with hematoxylin-eosin 
and silver.

The histopathological interpretation of the liver biopsy was 
determined according to the NAFLD activity score (NAS) [12], 
which includes individual scores for grades of hepatic steatosis, 
lobular inflammation, and hepatocellular ballooning, as well as 
the staging of hepatic fibrosis. The fibrosis score ranges from 
0 (absence of fibrosis) to 4 (probable or definite cirrhosis). In 
particular, stage 1 is further subdivided into stage 1a (delicate 
perisinusoidal zone 3 fibrosis), 1b (dense perisinusoidal zone 
3 fibrosis), and 1c (portal fibrosis only), the latter referring to 
the pattern of fibrosis sometimes seen in severely obese and in 
pediatric NAFLD patients.

NAS score ranges from 0 to 8, with a score of 1 or 2 
corresponding to definitely not NASH, while a NAS score 5-8 
is suggestive of definite NASH. Scores of 3 and 4 are considered 
borderline for NASH.

All participants underwent a full clinical examination, 
abdominal ultrasound, BMI measurement (weight in 
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kg/height in m2), routine laboratory investigations 
(AST, ALT, alkaline phosphatase, γ-glutamyl transferase 
[GGT], albumin, and bilirubin) using conventional 
automated analyzers in the biochemistry laboratory 
at NTMR reference lab. All biochemical analyses were 
performed in a “blinded” manner.

Blood samples and biomarker qualification

Venous blood samples were collected from all study 
participants after an overnight 12-h fast to measure 
fasting blood glucose, fasting insulin, total cholesterol, 
and triglycerides. Insulin resistance was determined by 
the homeostatic model assessment of insulin resistance 
(HOMA-IR) equation [13]:

Fasting insulin (μU/mL) × Fasting glucose (mg/dL)/405
Fasting serum chemerin was measured using commercial 

ELISA kits (BioVender). The intra- and inter-assay coefficients 
of variation of chemerin ranged from 5.1% to 7.0% and 6.9% to 
8.3% respectively. All assays were conducted according to the 
manufacturer’s instructions.

Fasting serum adiponectin levels were measured in 
duplicate using an enzyme-linked immunosorbent assay 
(ELISA) kit (Quintikine) obtained from R&D Systems 
(Wiesbaden-Nordenstadt, Germany). Each serum sample was 
diluted 100-fold.

Statistical analysis

Data were entered, validated, and analyzed using STATA 
14 software. Patients’ demographic and routine laboratory 
data were expressed as number (percent) for categorical 
variables and as mean (±standard deviation [SD]) for 
continuous variables. Continuous variables were tested for 
normality using histograms and sktest. Those variables with 
a P-value <0.05 on Skewness-Kurtosis test were considered 
not to be normally distributed. The Spearman correlation 
coefficient (r) was used for binary correlations. Comparisons 
between cases with NAFLD and controls were made using 
Student’s t-test or the Mann-Whitney test, as appropriate. 
The chi-square test was used for comparisons of categorical 
data. Associations between clinical characteristics, 
laboratory markers, and NAFLD diagnosis were investigated 
using univariate and multivariate logistic regression models. 
Data were reported as odds ratios (OR) with 95% confidence 
intervals (95%CI). The diagnostic performance of chemerin 
and adiponectin in the prediction of NAFLD was evaluated 
using receiver operator characteristic (ROC) curves. The 
area under the ROC curve, sensitivity, specificity, positive 
predictive value, negative predictive value and the 95%CI 
were used as indexes of accuracy. All statistical analyses 
were based on two-sided hypothesis tests with a significance 
level of P<0.05.

Results

Characteristics of the study population

One hundred one children with biopsy-proven NAFLD 
were evaluated in the current study, as well as 57 normal 
age-  and sex-matched controls. Circulating chemerin levels 
were significantly higher in NAFLD children compared with 
normal controls (205.69±53.22  vs. 153.19±42.72  ng/mL; 
P<0.001), whereas serum adiponectin levels were significantly 
lower in the NAFLD group (3.01±2.07 vs. 10.63±3.13 µg/mL; 
P<0.001). Comparisons of clinico-demographic and laboratory 
data between NAFLD patients and controls are presented 
in Table  1. As expected, significantly higher BMI, AST, ALT, 
alkaline phosphatase, GGT, triglycerides, glucose, and fasting 
insulin, indicative of a high metabolic burden, were observed 
in NAFLD children compared to controls.

Comparisons within different specific histopathological 
lesions

Overall, the mean±SD NAS score was 5.73±1.04 in the 
NAFLD obese children group. The percentage of patients 
with a NAS score of 5 or more (those with steatohepatitis) 
was 69.30%. The percentage of patients with a steatosis 
grade of less than 33% was 73.27%, while 26.73% had a 
steatosis grade of more than 33% (Fig. 1). The incidences of 
lobular inflammation with fewer than 4 foci and more than 
4 foci per high power field (HPF) were 48.51% and 51.49% 
respectively (Fig. 1). The most common fibrosis grade in our 
NAFLD patients was F1  (80%) (Fig.  1). When circulating 
chemerin and adiponectin were compared across groups with 
specific histological changes in NAFLD patients (n=101), no 
statistically significant difference was observed in chemerin 
levels between groups of low vs. high steatosis, lobular 
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Figure  1 The frequency (percentage) of histologic findings in the 
nonalcoholic fatty liver disease group. The degree of steatosis (top), 
lobular inflammation degree based on foci of lobular inflammation 
in high power field of microscopic view (middle), and fibrosis degree 
(bottom)
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inflammation, ballooning or fibrosis grades. Adiponectin 
differed significantly within different fibrosis groups (P<0.001) 
with its highest mean value in patients with F2, as shown in 
Table 2.

Correlation between candidate adipokines and other 
study parameters

The correlations of circulating chemerin and adiponectin 
with other study parameters are shown in Table 3. Chemerin 
was significantly positively correlated with BMI (r=0.43, 
P<0.001), AST (r=0.33, P=0.001), ALT (r=0.33, P<0.001), 
GGT (r=0.35, P<0.001), and triglycerides (r=0.21, P=0.01), and 
significantly negatively correlated with adiponectin (r=-0.36, 
P≤0.001). Adiponectin had significant negative correlations 
with BMI (r=-0.75, P<0.001), AST (r=-0.43, P<0.001), ALT (r=-
0.46, P<0.001), GGT (r=-0.42, P<0.001), alkaline phosphatase 
(r=-0.23, P=0.004), triglycerides (r=-0.58, P<0.001), HOMA-
IR (r=-0.27, P<0.001), and chemerin (r=-0.36, P<0.001).

Predictors of NAFLD diagnosis

To identify parameters associated with a NAFLD 
diagnosis, univariate binary logistic regression analyses 

were performed, with “0” representing the control group 
and “1” representing the NAFLD group. Increased serum 
AST (OR 1.10, 95%CI 1.07-1.14, P<0.001), ALT (OR 1.07, 
95%CI 1.05-1.09, P<0.001), alkaline phosphatase (OR 1.01, 
95%CI 1.00-1.02, P<0.001), GGT (OR 1.07, 95%CI 1.04-1.09, 
P<0.001), triglycerides (OR 1.04, 95%CI 1.02-1.05, 
P<0.001), HOMA-IR (OR 1.42, 95%CI 1.14-1.76, P<0.001), 
and chemerin (OR 1.03, 95%CI 1.02-1.04, P<0.001) had a 
significant positive association with a NAFLD diagnosis. 
In contrast, increased serum adiponectin was significantly 
inversely associated with a NAFLD diagnosis (OR 0.52, 
95%CI 0.44-0.62, P<0.001). After adjustment for patients’ 
baseline characteristics in the multivariate adjusted logistic 
regression model, only GGT (OR 1.07, 95%CI 1.01-1.13, 
P=0.03), triglycerides (OR 1.96, 95%CI 0.92-1.00, P=0.04), 
chemerin (OR 1.02, 95%CI 1.00-1.05, P=0.04) and 
adiponectin (OR 0.31, 95%CI 0.16-0.60, P<0.001) remained 
independent predictors for NAFLD, as shown in Table 4.

The best threshold values for the studied adipokines for 
differentiating NAFLD patients from healthy subjects according 
to ROC curve analysis are provided in Table 5. ROC analysis 
demonstrated that a cutoff value of 186.7 ng/mL for chemerin 
yielded a sensitivity and specificity of 56.44% and 87.72%, 
respectively (C statistics 0.78), while a cutoff value of 2.4 µg/mL 
for adiponectin yielded a sensitivity and specificity of 74.26% 
and 3.51%, respectively (C statistic=0.92,P<0.001; Fig. 2).

Table 1 Demographic and laboratory characteristics of the study participants (n=158)

Variable Control
N=57

NAFLD
N=101

P-value

Age (yrs) 9.53±3.08 10.40±3.11 0.09

Sex, n (%)
Female
Male

37 (64.91)
20 (35.09)

72 (71.29)
29 (28.71)

0.405

BMI (kg/m2) 17.81±3.19 31.02±3.92 <0.001

AST (U/L) (range 0-40) 36.82±16.65 61.20±25.58 <0.001

ALT (U/L) (range 0-40) 36.60±27.99 68.48±23.85 <0.001

Alkaline phosphatase (U/L) (range 30-129) 195.70±42.50 245.61±103.15 0.0006

GGT (U/L) (range up to 38) 35.26±10.03 53.84±20.30 <0.001

Total bilirubin (mg/dL) 0.85±0 .47 1.46±0.70 <0.001

Albumin (g/dL) (range 3.2-4.8) 3.81±0.33 3.49±0.52 0.0001

Cholesterol (mg/dL) (range up to 200) 163.05±30.28 167.97±30.64 0.3330

Triglycerides (mg/dL) (range 0-150) 156.18± 30.31 196.24±38.07 <0.001

Fasting blood sugar (mg/dL) (range 60-110) 115.46±31.24 134.99±29.92 0.0002

Fasting insulin (µIU/mL) (range 3-28) 6.55±4.15 8.97±4.30 0.0007

HOMA-IR 2.06±1.71 3.13±1.93 0.001

Chemerin (ng/mL) 153.19±42.72 205.69±53.22 <0.001

Adiponectin (µg/mL) 10.63±3.13 3.01±2.07 <0.001
Data are expressed as mean±SD or number (%)
BMI, body mass index; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, γ-glutamyl transferase; HOMA-IR, homeostatic model assessment-
insulin resistance; NAFLD, nonalcoholic fatty liver disease
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Discussion

In the current case-control study, significantly higher levels of 
circulating chemerin and significantly lower levels of adiponectin 
were detected in obese children with biopsy-proven NAFLD 
compared to controls. Additionally, BMI, AST, ALT, triglycerides, 
and GGT showed significant positive correlations with chemerin 
and significant negative correlations with adiponectin.

NAFLD in children is becoming a major health concern, 
because of its high prevalence and its well-known serious 
complications, including liver failure and HCC. From 10-30% 
of NAFLD patients can progress to liver cirrhosis [14] and 
70-90% of patients with chronic liver disease related to NAFLD 
develop HCC [15]. Insulin resistance appears to be the key 
underlying pathophysiological defect leading to NAFLD [16], with 
subsequent hyperinsulinemia that leads to changes in hepatocyte 
uptake, synthesis, degradation, and secretion of free fatty acids, 
and subsequently to the accumulation of triglycerides in the 
hepatocytes resulting in hepatic steatosis  [17-19]. In the present 
study, we found that HOMA-IR as a surrogate marker for insulin 
resistance was significantly higher in NAFLD patients compared 
to controls (3.13±1.93 vs. 2.06±1.71). Consistent results have been 
reported by Kumar et al [20], as well as by Boga et al [21].

In the current investigation, we found that circulating 
adiponectin levels were significantly lower in NAFLD patients 
compared to controls (3.01±2.07 vs. 10.63±3.13  µg/mL 
respectively). This finding is in keeping with previous studies [22-
26]. Hypoadiponectinemia might serve as a predictor of 
NAFLD in obese children [27]. Adiponectin is an abundant 
adipocyte-derived hormone with well-established anti-
inflammatory and insulin-sensitizing properties [28]. There is 
a well-known link between hypoadiponectinemia and NASH, 
regardless of insulin resistance [29]. Furthermore, within the 
NAFLD group, a significantly higher level of adiponectin was 
observed in patients with F2  (4.58±4.28  µg/mL). This could 

Table 2 Chemerin and adiponectin levels across groups with specific 
histologic lesions within nonalcoholic fatty liver disease patients 
(n=101)

Histological 
lesion

Patients
N (%)

Chemerin Adiponectin

Steatosis grade 
(P-value)*

0.99 0.83

≤33% 74 (73.27) 205.68±55.94 3.04±2.10

>33% 27 (26.73) 205.72±45.94 2.94±2.02

Lobular 
inflammation**
(P-value)

0.38 0.21

≤4 foci per 
(HPF)

49 (48.51) 210.52±53.71 3.28±2.49

>4 foci per 
(HPF)

52 (51.49) 201.14±52.87 2.76±1.56

Ballooning 
(P-value)*

0.17 0.28

Absent 75 (74.26) 209.95±54.10 3.14±2.34

Present 26 (25.74) 193.4±49.57 2.63±0.84

Fibrosis stage 
(P-value)*

0.69 0.01

F1 80 (79.21) 208.02±53.65 2.77±1.36

F2 14 (13.86) 195.93±54.40 4.58±4.28

F3 7 (6.93) 153.19±42.72 2.66±0.74
Data are expressed as mean±SD. * between group comparisons 
(independent t-test)
HOMA-IR, homeostatic model assessment-insulin resistance; HPF, high power 
field

Table 3 Correlation between chemerin and adiponectin and other 
study parameters

Parameter Chemerin Adiponectin 

Age (yrs) 0.00 (0.96) -0.12 (0.12)

BMI (kg/m2) 0.43 (<0.001) -0.75 (<0.001)

AST 0.33 (<0.001) -0.43 (<0.001)

ALT 0.33 (<0.001) -0.46 (<0.001)

GGT 0.35 (<0.001) -0.42 (<0.001)

Alkaline phosphatase 0.12 (0.14) -0.23 (0.004)

Triglycerides 0.21 (0.01) -0.58 (<0.001)

Cholesterol 0.05 (0.50)  0.05 (0.53)

HOMA-IR 0.15 (0.06) -0.27 (<0.001)

Chemerin 1 -0.36 (<0.001)

Adiponectin -0.36 (<0.001) 1
Data presented as spearman coefficient of correlation (P-value)
BMI, body mass index; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; GGT, γ-glutamyl transferase; HOMA-IR, homeostatic 
model assessment of insulin resistance
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Figure  2 Receiver operator characteristic curves for the diagnostic 
power of chemerin and adiponectin at various cutoff points in 
differentiating between patients with nonalcoholic fatty liver disease 
and controls
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be attributed to a possible imbalance between adiponectin 
production and hepatic excretion [30,31], following the 
increased adiponectin production from the hepatocytes or 
hepatic stellate cells [32,33].

The most interesting finding is the significantly higher 
serum chemerin concentration in NAFLD obese children 
compared to controls (205.69±53.22 vs. 153.19±42.72 ng/mL). 
To our best knowledge, such data for the pediatric population 
are scarce. Our results are in concordance with those reported 
by Kłusek-Oksiuta et al, who found that chemerin might be a 
good indicator of liver steatosis in obese children. Chemerin 
is an adipokine highly expressed in both the liver and adipose 
tissue [34]; its circulating levels are increased in human 
obesity [35-37]. It enhances insulin-stimulated glucose uptake 
and increases insulin sensitivity in adipose tissue [38]. The 
actual role of chemerin in NAFLD is still unknown.

In conclusion, onclusio circulating chemerin and 
adiponectin could serve as simple, reliable, noninvasive 
diagnostic markers for NAFLD in non-diabetic obese children.
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Table 4 Predictors of nonalcoholic fatty liver disease among our cohort by univariate and multivariate logistic regression analyses

Variables Univariate analysis Adjusted multivariate analysis

OR (95%CI) P-value OR (95%CI) P-value

Age (years) 1.10 (0.98-1.22) 0.09 0.89 (0.62-1.28) 0.53

Male sex 0.75 (0.37-1.49) 0.41 0.61 (0.06-6.14) 0.67

AST (U/L) 1.10 (1.07-1.14) <0.001 1.04 (0.95-1.13) 0.38

ALT (U/L) 1.07 (1.05-1.09) <0.001 1.02 (0.98-1.05) 0.37

Alkaline phosphatase (U/L) 1.01 (1.00-1.02) <0.001 1.03 (0.99-1.07) 0.16

GGT (U/L) 1.07 (1.04-1.09) <0.001 1.07 (1.01 -1.13) 0.03

Cholesterol (mg/dL) 1.01 (0.99-1.02) 0.33 1.06 (1.01 -1.13) 0.3

Triglycerides (mg/dL) 1.04 (1.02-1.05) <0.001 1.96 (0.92 -1.00) 0.04

HOMA-IR 1.42 (1.14-1.76) <0.001 0.96 (0.48-1.93) 0.91

Chemerin (ng/mL) 1.03 (1.02-1.04) <0.001 1.02 (1.00-1.05) 0.04

Adiponectin (µg/mL) 0.52 (0.44-0.62) <0.001 0.31 (0.16-0.60) <0.001
AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, γ-glutamyl transferase; HOMA-IR, homeostatic model assessment of insulin resistance; 
OR, odds ratio; 95%CI, 95% confidence interval

Table 5 Diagnostic performance, optimal cutoffs, and validity of adiponectin for the diagnosis of nonalcoholic fatty liver disease in a pediatric 
population

Variable Optimal cutoff P-value Sensitivity Specificity Accuracy PPV NPV

Chemerin 186.7 <0.001 56.44% 87.72% 0.7836 88.89 52.6

Adiponectin 2.4 <0.001 74.26% 3.51% 0.9213 54.7 9.7
PPV, positive predictive value; NPV, negative predictive value

Summary Box

What is already known:

•	 Nonalcoholic	 fatty	 liver	 disease	 (NAFLD)	 is	 the	
most common cause of chronic liver disease in 
children

•	 Early	 diagnosis	 and	 proper	 management	 of	
NAFLD could significantly reduce its liver-related 
morbidity and mortality

•	 Precise	diagnosis	of	NAFLD	is	currently	dependent	
on liver histopathology

What the new findings are:

•	 Circulating	adipokines	could	serve	as	noninvasive	
predictors of NAFLD diagnosis

•	 Increased	 circulating	 chemerin	 and	 decreased	
adiponectin were significantly associated 
with NAFLD diagnosis in obese non-diabetic 
children

•	 Circulating	 adiponectin	 differed	 significantly	
within different hepatic fibrosis grades
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