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Abstract. The objective is to investigate the relation between the levels of two serum adipocytokines (adiponectin and
resistin) and non-alcoholic fatty liver disease (NAFLD) in obese children. In this study, 113 obese children were enrolled
and divided into 3 groups. Obese group 1 was defined as obese children without any liver abnormality. Obese group 2
was defined as obese children just with fatty infiltration of the liver in ultrasonic appearance and obese group 3 was
defined as obese children with liver function abnormality. The controls consisted of 37 nonobese children without
endocrine, metabolic or kidney disease. The levels of serum adiponectin and resistin were measured by ELISA method.
Insulin resistance by homeostasis model (HOMA-IR), area under curve of glucose (AUCG), serum total cholesterol,
triglyceride, alanine aminotransferase, uric acid, HDL-cholesterol, LDL-cholesterol and body mass index (BMI) were
measured as well. In obese children, NAFLD were found in 63 cases (55.75%). Serum adiponectin levels of obese
children were significantly lower than that of controls (3.63 vs 5.79 ng/mL, P<0.001) while serum resistin levels were not
different (P = 0.876). Moreover, serum adiponectin levels in obese group 1 were significantly higher than that of group 2
and 3 (4.24 vs 3.37 and 3.12 pg/mL, all P<0.05) and no difference was found between obese group 2 and obese group 3
(P>0.05). Serum resistin levels among the three obese groups were 4.37 ng/mL, 3.72 ng/mL and 4.24 ng/mL without
significant difference (P =0.592). NAFLD, BMI, gender and HDL-cholesterol were independent determinants of serum
adiponectin levels in children analyzed by multiple regression analysis, which explained 33% of the variance. Serum
adiponectin levels were inversely associated with BMI, gender and NAFLD (all P<0.05) and were positively associated
with HDL-cholesterol levels (P =0.033). These results suggest that adiponectin might be a protective factor in NAFLD
occurrence in obese children, and that the measurement of adiponectin should be part of the standard evaluation of the

obese child and may help to evaluate the occurrence of NAFLD.
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NONALCOHOLIC fatty liver disease (NAFLD) is a
clinicopathologic syndrome that encompasses several
clinical entities. The spectrum of conditions ranges
from simple steatosis to steatohepatitis (NASH), fibro-
sis and end stage liver disease [1-3]. The condition
was originally described in diabetic, middle-aged
females without a history of significant alcohol use
with liver histology consistent with alcoholic hepatitis.
NAFLD is now recognized as the most common cause
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of liver disease in pediatrics, paralleling the rapid rise
in prevalence of obesity in children globally. As no
specific therapy has been approved for this condition
and it may progress even after weight loss, the study of
its mechanisms is very important to prevent the occur-
rence of NAFLD. Recent studies suggest that insulin
resistance and oxidative stress might be involved in the
pathogenesis [4-6].

Adiponectin and resistin are recently described as
secretory products of adipose tissue. Adiponectin is se-
creted by fat cells and circulates in the blood and is the
most abundant gene product in fat tissue. In contrast to
all other known adipocytokines, adiponectin levels are
known to be decreased in individuals with either type 2
diabetes or coronary artery disease [7, 8]. Recent stud-
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ies also found lower serum adiponectin levels in obese
adults, even in obese children [9, 10], but whether
adiponectin is related with NAFLD is still unclear. An-
imal model also showed another adipocytokine, resis-
tin being associated with diet-induced obese [11, 12].
However, the role of resistin in the pathophysiology of
human obesity is controversial [13—15].

Here, we measured serum adiponectin and resistin
levels in obese and nonobese children to study their role
in obesity, especially in the mechanism of NAFLD.

Subjects and Methods
Subjects

A total of 113 obese children, according to the crite-
ria that a child was considered to be obese when the
body weight exceeded 120% of the standard body
weight (defined as the mean body weight correspond-
ing to the height for that age obtained from national
statistics for Chinese school children in 1995), were
consecutively enrolled in the study. The ages of the
subjects ranged from 6.00 to 16.75 years (mean
11.05 + 2.31 years). They were divided into 3 groups.
Obese group 1 was defined as obese children without
any liver abnormality, and included 32 boys and 18
girls with a mean age of 10.75 £ 2.10 years. Obese
group 2 was defined as obese children just with fatty
infiltration of the liver in ultrasonic appearance, but
without liver function abnormality, and included 14
boys and 8 girls with a mean age of 11.63 + 2.29 years.
Obese group 3 was defined as obese children with liver
function abnormality, and included 32 boys and 9 girls
with a mean age of 11.10 + 2.55 years. The control
group consisted of 37 nonobese children without endo-
crine, metabolic or kidney disease, and included 17
boys and 20 girls with a mean age of 10.3 £ 1.78 years
(7.25-14.91 years). All subjects had no history of
alcohol abuse and the results of tests for hepatitis
virus and TORCH were negative.

The Human Study Committee of the Children’s
Hospital of Zhejiang University approved this study.
Informed consent was obtained either from each sub-
ject or from his or her parents as appropriate.

Adiponectin and Resistin Measurement

All sera were stored frozen at —80°C until measure-

ment. The sera were diluted by 100 and 5-fold for total
adiponectin and resistin measurement before assay.
Serum levels of adiponectin and resistin were all as-
sayed by an enzyme linked immunosorbent assay
(ELISA). Quantikine kits purchased form R&D Sys-
tems Incorporation (USA) were used to detect serum
adiponectin and resistin according to the manufac-
turer’s protocol. Negative and positive controls were
used. The intra- and interassay CVs of adiponectin
ranged from 2.5% to 4.7% and 5.8% to 6.9%, respec-
tively. The intra- and interassay CVs of resistin ranged
from 3.8% to 5.3% and 7.8% to 9.2%, respectively.
The assay sensitivities ranged from 0.079-0.891 ng/mL
(0.246 ng/mL) for adiponectin and 0.010-0.055 ng/mL
(0.026 ng/mL) for resistin.

Biochemical Measurements

Oral glucose tolerance tests (OGTTs) were used in
the assessment of insulin sensitivity and insulin secre-
tion. Plasma glucose levels were detected by glucose
oxidase method (Beijing North Biotechnology Com-
pany, China) with intra-assay and interassay CVs of
2.1% and 4.4%. Insulin serum levels were determined
by radioimmunoassay (Beijing North Biotechnology
Company, China). The intra-assay and interassay CVs
were 6.4% and 9.7%, respectively. Insulin resistance
by homeostasis model (HOMA-IR) and area under
curve of glucose (AUCG) were calculated.

Serum total cholesterol (TC), triglyceride (TG),
alanine aminotransferase (ALT), and uric acid were
measured in the clinical laboratories of our unit. Plas-
ma HDL-cholesterol (HDL-C) and LDL-cholesterol
(LDL-C) levels were detected in the Central Labora-
tory of Radioimmunity in Hangzhou.

Statistics

Statistical analyses were conducted by using SPSS
software (version 10.0). Pearson chi-square was used
to measure the enumeration data between subgroups.
Quantitative data were presented as mean = SD. Be-
cause the data for adiponectin, resistin, TG, ALT, and
insulin were skewed, they were transformed logarith-
mically before performing a statistical analysis and
being presented as mean. The statistical significance
between means was estimated by one-way ANOVA
followed by LSD multiple comparisons or an unpaired
Student’s t test where appropriate. Stepwise multiple
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linear regression models were used to examine the
determinant of serum adiponectin or resistin levels.
Differences were considered statistically significant at
P<0.05.

Results

The characteristics of controls and obese children
are shown in Table 1. Compared with controls, higher
serum TC, TG, ALT, HDL-C, uric acid, baseline fast-
ing insulin, 2h-glucose, AUCG, HOMA-IR and lower
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LDL-C were found in obese children (all P<0.005).
Moreover, the adiponectin level in obese children was
3.63 pug/mL, which was significantly lower than that
of controls (5.79 pg/mL, P<0.001). However, the se-
rum resistin levels were not different between obese
children and controls (4.25 ng/mL vs 4.18 ng/mL,
P =0.876).

In all the 113 obese children, NAFLD was found in
63 cases (55.75%), including 22 cases (19.47%) in
obese group 2 and 41 cases (36.28%) in obese group 3.
The characteristics of these three groups are shown in
Table 2. Age, gender, and sex development were not

Table 1. Characteristics of obese group and controls
Controls (n = 37) Obese group (n=113) 13/t P value
Female/Male 20/17 35/78 6.390 0.011
Prepuberty/puberty 25/12 55/58 3.998 0.046
Age (Year) 10.03 +£1.78 11.05+2.31 2.460 0.015
(7.25-14.91) (6.00-16.75)
BMI (kg/m?) 15.52+1.53 27.71 +3.88 27.54 <0.001
log(ALT) 1.21+0.15 1.62+0.33 7.704 <0.001
HDL-C (mmol/L) 1.30+0.33 0.99 +0.31 5.327 <0.001
LDL-C (mmol/L) 2.05+0.46 2.47+0.67 4.248 <0.001
TC (mmol/L) 3.68 +£0.68 4.16 +0.84 3.143 0.002
TG (mmol/L) 1.15+£0.64 248 +1.43 7.782 <0.001
Uric acid (umol/L) 264.17 +50.58 361.19 +83.10 8.410 <0.001
Baseline fasting insulin (uWI[U/mL) 6.33 £ 1.65 12.87+9.02 7.307 <0.001
log(Insulin) 0.79 £0.11 1.03+£0.25 8.379 <0.001
2h-glucose (mmol/L) 5.33+£0.83 5.94+1.31 2.661 0.009
AUCG 1599+ 1.74 18.30+2.83 5.635 <0.001
HOMA-IR 1.27+0.37 2.65+1.95 7.128 <0.001
Adiponectin (pg/mL) 5.79 3.63 5.305 <0.001
Resistin (ng/mL) 4.25 4.18 0.156 0.876
Table 2. Characteristics of different obese groups
Obese groupl Obese group2 Obese group3 LSD x?/F P value

Number 50 22 41

Female/Male 18/32 8/14 9/32 2.452 0.294
Prepuberty/Puberty 27/23 7/15 21/20 3.176 0.204
Age (Year) 10.75 +2.10 11.63+2.29 11.10+2.55 1.144 0.322

(7.25-16.75) (7.58-16.00) (6.00-16.30)

BMI (kg/m?) 2621 +3.45 28.57 +3.84 29.08 +3.83 1vs2,3 7.643 0.001
log(ALT) 1.41+£0.15 1.47+£0.15 1.98 £0.27 3vsl,2 101.52 <0.001
Uric acid 341.45+75.50 342.46 + 55.61 394.26 +93.38 3vsl,2 5.450 0.006
HDL-C (mmol/L) 0.99 +0.30 1.00 £ 0.30 0.97+0.33 0.080 0.923
LDL-C (mmol/L) 2.41 +0.80 2.58 £0.65 2.49£0.51 0.511 0.602
TC (mmol/L) 4.10+0.94 4.29+0.84 4.16£0.72 0.401 0.670
TG (mmol/L) 244 +£1.44 2.47+1.29 2.54+1.51 0.045 0.940
log(Insulin) 0.99 +0.24 1.12+0.24 1.04 +0.25 1vs2 2.364 0.099
2h-glucose (mmol/L) 6.00 = 1.04 5.72 +1.04 5.99 +1.68 0.393 0.676
AUCG 18.10 +2.62 17.79 £2.36 18.78 £3.23 1.009 0.368
log(HOMA-IR) 0.30+0.26 0.43+£0.23 0.34+0.26 1vs2 2.030 0.136
Resistin (ng/mL) 4.37 3.72 4.24 0.529 0.592
Adiponectin (pg/mL) 4.24 3.37 3.12 1vs2,3 5.717 0.004
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Table 3. Multiple linear regression analysis for determinant of
serum adiponectin levels in children
B t P value R?
Constant 2.004 17.273 <0.001
BMI —-0.0126 3.937 <0.001
Gender —0.0889 2.666 0.009
NAFLD —0.0506 2.411 0.017
HDL-C 0.110 2.155 0.033 0.337

significantly different (all P>0.005). Serum ALT and
uric acid in obese group 3 were significantly higher
than those of obese group 1 and 2 (all P<0.005). BMI
in obese group 1 was significantly lower than that of
group 2 and 3 (P<0.05). Serum adiponectin levels in
obese group 1 were significantly higher than those of
group 2 and 3 (4.24 pg/mL vs 3.37 pg/mL and 3.12 pg/
mL, all P<0.005) and no difference was found between
obese group 2 and obese group 3 (P>0.05). Serum
resistin levels among the three obese groups were
4.37 ng/mL, 3.72 ng/mL and 4.24 ng/mL without sig-
nificant difference (P =0.592). Other biochemical
markers, such as HDL-C, LDL-C, TC, TG, baseline
fasting insulin, 2h-glucose, AUCG, and HOMA-IR
were not different among these three groups (all
P>0.05).

Stepwise multiple regression analysis in this study
included age, gender (treated female as 0, male as 1),
BMI, sex development (treated prepuberty as 1, puber-
ty as 2), uric acid, TG, HDL-C, LDL-C, AUCG, log
(HOMA-IR), log (resistin) and NAFLD (treat children
without NALFD as 1, obese group 2 as 2 and obese
group 3 as 3). Gender, BMI, NAFLD, and HDL-C
were the independent determinants of serum adipo-
nectin levels in children, which explained 33.7% of the
variance. Serum adiponectin levels were inversely as-
sociated with BMI, gender and NAFLD (P<0.001,
P =0.009 and P =0.017 respectively) and were posi-
tively associated with HDL-C levels (P = 0.033). Age,
sex development, AUCG, log (resistin), serum TG,
LDL-C, and uric acid were excluded in the equations
(all P>0.05), as shown in Table 3.

Discussion
Until recently, NAFLD was considered to be rare in

children. It is now recognized as an important pediatric
liver disease, especially because pediatric obesity is

much more common worldwide. Children with
NAFLD may present as young as 4 years old and fi-
brosis is often found in liver biopsy and cirrhosis has
been reported [16, 17]. In the present study, NAFLD
was found in 55.75% of obese children with a mean
age of 11.32+2.49 years (6.00-16.75 years). Al-
though most of the obese children with NAFLD were
male (46/63, 73.02%), it was not significantly different
from the obese children without liver abnormality
(18/32 vs 17/46, %>=3.184, P = 0.074). This implied
that the male is apt to obesity and NAFLD, which is
consistent with other reports [18].

In this data, we noted lower adiponectin level in
obese children, which is consistent with previous stud-
ies [10]. Animal model and some human studies have
shown that resistin may be associated with diet-
induced obesity [11-13]. However, the resistin in
obese children in this study was not different from that
of the controls. This is similar to previous reports and
suggests adiponectin, not resistin, plays a role in obe-
sity [14, 15].

Some studies suggest that insulin resistance and oxi-
dative stress might be involved in the pathogenesis of
NAFLD [5, 6]. We here seck to describe the relation
between the two serum adipocytokines (adiponectin
and resistin) and NAFLD in obese children. To our
knowledge, this is the first study on the relationship of
serum adiponectin and resistin levels to NAFLD in
obese children. We found that obese children with
NALFD had lower serum adiponectin levels than
obese children without liver abnormality. Moreover,
NAFLD occurrence was an independent factor of se-
rum adiponectin levels in children by stepwise multiple
regression analysis. This suggested that adiponectin,
as an adipocytokine, might play role in the occurrence
of NAFLD.

Although many studies have been done on NAFLD
in obese children, the mechanism is not clear. Some
studies have suggested that NAFLD in obese children
might stem either from genetic defects or excessive
calorie intake, and that the progression of NAFLD
may be the result of an imbalance between pro-
inflammatory and anti-inflammatory cytokines, trigger-
ing the formation of reactive oxygen species and intra-
hepatic lipid peroxidation [20-23]. Some adipocyto-
kines (leptin, TNF-a) have been traditionally thought
to be involved in the inflammatory process [24-26]. So
we postulated that adiponectin might play an important
role in this condition as a protective factor through
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stimulating fatty acid oxidation, decreasing plasma
TG, and improving glucose metabolism by increasing
insulin sensitivity. The fact that pro-inflammatory and
anti-inflammatory cytokines take part in this condition
may be the reason that NAFLD might progress even
after weight loss [27]. We also found serum adipo-
nectin levels were positively associated with HDL-C
levels, which have been reported to be lower in
NALFD [28], but the precise relationship of adipo-
nectin to HDL-C is unclear.

Recent studies found that circulating adiponectin is
predominantly present as several characteristic multi-
mers, including low molecular weight adiponectin
(LMW form) comprising the basic unit of trimer, mid-
dle molecular weight adiponectin (MMW form) com-
prising 2 subunits of trimer, and high molecular weight
adiponectin (LMW form) comprising 12—18 subunits
[29, 30]. Moreover, different forms of adiponectin
might activate different signal transduction pathways
and exert distinct functions on its target tissue [31-33].
Pajvani et al. reported that HMW complex is the most
active form of adiponectin in depressing blood glucose
levels [33]. In the present study, although no signifi-
cant difference of total serum adiponectin between the
obese group 2 and 3 was found, whether different ratio
of the different forms (HMV, MMV or LMV form)
which might exist have an influence on these groups is
still unknown, hence further study is required.

It is important to acknowledge the limitations of the
present study. Firstly, since we did not take pathologic

biopsy of the liver, we can only report the abnormality
of liver through ultrasonic and serum transaminase
examination without pathologic analysis. Secondly,
since serum levels of total adiponectin were assayed
by ELISA, while we could not identify different forms
of adiponectin. Thirdly, we could not confirm the ac-
curate role of adiponectin in NALFD, further study is
necessary to determine the natural disease progression
and the role of adiponectin and other factors in the
pathophysiology of NAFLD.

In summary, our data support the view that adipo-
nectin plays a protective role in NAFLD in obese chil-
dren, and that the measurement of adiponectin should
be a part of the standard evaluation of the obese child
and maybe help to evaluate the occurrence of NAFLD.
Further longitudinal studies are required to determine
the ratio of different forms of adiponectin and the role
of adiponectin in the pathophysiology of NAFLD.
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