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Abstract
AIM: To investigate if non-alcoholic fatty liver disease 
(NAFLD) is an early mediator for prediction of metabolic 
syndrome, and if liver B-ultrasound can be used for its 
diagnosis.

METHODS: We classified 861 obese children (6-16 years  
old) into three subgroups: group 0 (normal liver in ultra-
sound and normal transaminases); group 1 (fatty liver 
in ultrasound and normal transaminases); and group 2 
(fatty liver in ultrasound and elevated transaminases). 

We measured the body mass index, waist and hip cir-
cumference, blood pressure, fasting blood glucose, insu-
lin, homeostasis model assessment of insulin resistance 
(HOMA-IR), whole-body insulin sensitivity index (WBISI), 
lipid profile and transaminases in all the participants. 
The risk of developing metabolic syndrome (MS) was as-
sessed according to the degree of liver fatty infiltration 
based on the B-ultrasound examination.

RESULTS: Among the 861 obese children, 587 (68.18%) 
were classified as having NAFLD, and 221 (25.67%) 
as having MS. The prevalence of MS in NAFLD children 
(groups 1 and 2) was 37.64% (221/587), which was 
much higher than that in non-NAFLD group (group 0, 
12.04%) (P < 0.01). There were significantly higher 
incidences concerning every component of MS in group 
2 compared with group 0 (P < 0.05). The incidence of 
NAFLD in MS patients was 84.61% (187/221), which was 
significantly higher than that of hypertension (57.46%, 
127/221) and glucose metabolic anomalies (22.62%, 
50/221), and almost equal to the prevalence of dyslip-
idemia (89.14%, 197/221). Based on the B-ultrasound 
scales, the presence of moderate and severe liver fatty 
infiltration carried a high risk of hypertension [odds 
ratio (OR): 2.18, 95% confidence interval (95% CI): 
1.27-3.75], dyslipidemia (OR: 7.99, 95% CI: 4.34-14.73), 
impaired fasting glucose (OR: 3.65, 95% CI: 1.04-12.85), 
and whole MS (OR: 3.77; 95% CI: 1.90-7.47, P  < 0.01). 
The state of insulin resistance (calculated by HOMA-IR 
and WBISI) deteriorated as the degree of fatty infiltra-
tion increased. 

CONCLUSION: NAFLD is not only a liver disease, but 
also an early mediator that reflects metabolic disor-
der, and liver B-ultrasound can be a useful tool for MS 
screening.
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INTRODUCTION
There is a growing concern for non-alcoholic fatty liver 
disease (NAFLD) and metabolic syndrome (MS) in obese 
children[1-3]. NAFLD is a clinicopathological syndrome that 
ranges from simple steatosis to steatohepatitis, fibrosis or 
cirrhosis of  the liver[4]. It is associated with dyslipidemia, 
obesity, and insulin resistance, which are the main features 
of  MS. NAFLD and MS often are seen in the same indi-
vidual[5-8], whereas insulin resistance probably is a key event 
that links them together. The mortality of  patients with 
NAFLD has increased significantly among the general 
population, and cardiovascular risk competes with liver-
related risk in dictating the final outcome[9,10]. Several pro-
spective studies in adults have demonstrated that NAFLD 
is associated with an increased incidence of  MS and type 
2 diabetes mellitus in elderly patients, and independent 
patients with obesity[11-14]. Thus, NAFLD may be not only 
a liver disease, but also an early mediator of  type 2 dia-
betes mellitus and MS in adults. However, the impact of  
NAFLD on MS among the young population is still not 
clear. The debate remains as to whether NAFLD should 
be included as one of  the components of  the MS. This 
study aimed to assess idiopathic NAFLD among Chinese 
obese children, to verify the prevalence of  MS in NAFLD 
patients based on B-ultrasound scan, and to investigate 
whether NAFLD is associated with MS and MS profile, 
and whether it is an important risk factor for MS as well.

MATERIALS AND METHODS
Study design and population
A total of  861 obese children and adolescents, aged be-
tween 6 and 16 years, who were referred to our endocri-
nology department with the complaint of  obesity from 
January 2004 to September 2009, were enrolled in this 
study. Based on an accepted criteria for obesity diagno-
sis in Chinese children[15], all the participants had a body 
mass index (BMI) that was above the 95th percentile for 
their age and sex, based on the national reference data 
in 2004[16]. Exclusion criteria were the known presence 
of  endocrine metabolic or kidney diseases, and the use 
of  medication that altered blood pressure, liver function, 
and glucose or lipid metabolism. The demographic dis-
tribution of  subjects is displayed in Table 1. Participants 
underwent a routine clinical examination, including physi-
cal examination, biochemical tests, oral glucose tolerance 

test (OGTT) and liver ultrasonographic scanning. There 
was no difference in age and Tanner stages between boys 
and girls. However, significant differences existed in clini-
cal, anthropometric and laboratory data in relation to sex 
(Table 1). 

The protocol was approved by the Medical Ethics 
Committee of  The Children’s Hospital of  Zhejiang Uni-
versity School of  Medicine. Written informed consent 
from parents (or guardians) and children (where appropri-
ate) were obtained. 

Definition of disease, syndrome and disorders
NAFLD: NAFLD was defined according to the revised 
definition and treatment guidelines for NAFLD by the 
Chinese Hepatology Association in February 2006[17], 
and was diagnosed by means of  a protocol using clinical, 
laboratory and ultrasound examinations in combination. 
In this study, NAFLD was diagnosed as a diffusely echo-
genic change on liver B-ultrasonography (fatty infiltration 
in liver), with or without elevated serum aminotransferase 
levels and other factors that can cause liver fatty infiltra-
tion or aminotransferase elevation, such as hepatitis virus 
infection, drug-induced injury, and other metabolic dis-
eases, such as Wilson’s disease, were excluded. There was 
no history of  current or past alcohol drinking. Two sub-
groups were classified in NAFLD obese children: group 
1 (fatty liver in ultrasound and normal transaminases) and 
group 2 (fatty liver in ultrasound and elevated transami-
nases). Group 0 was diagnosed as obese children without 
liver disorder (normal liver in ultrasound and normal 
transaminases).
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Table 1  Characteristics of 861 obese patients

Girls (n  = 263) Boys (n  = 598)

Age (yr) 10.53 ± 2.26 10.81 ± 1.97
Tanner stage (T1/T2-4) 126/137 287/311
BMI (kg/m2)a 27.68 ± 4.24 28.38 ± 3.47
BMI Z-scorea   4.31 ± 1.58   3.05 ± 1.16 
WHR (waist/hip ratio)a   0.93 ± 0.07   0.96 ± 0.05
Waist (cm)a   86.53 ± 11.83   90.91 ± 10.25
Systolic pressure (mmHg)a 114.47 ± 13.50 117.33 ± 12.55
Diastolic pressure (mmHg) 67.85 ± 9.32 68.99 ± 9.00
Cholesterol (mmol/L)   4.48 ± 1.01   4.43 ± 0.93
Triglycerides (mmol/L) 1.79 (0.19-5.17)   1.77 (0.17-10.78)
HDL   1.23 ± 0.28   1.26 ± 0.34
LDLa   2.69 ± 0.73   2.51 ± 0.68
AIa   2.30 ± 0.83   2.11 ± 0.74
Uric acid (μmol/L)   377.0 (203.2-705.4)   383.0 (198.2-708.5)
Fasting glucose (mmol/L)   4.87 ± 0.58   4.90 ± 0.57
120-min glucose (mmol/L)a   6.31 ± 1.52   6.01 ± 1.44
HbA1c (%)   5.74 ± 0.57   5.69 ± 0.52
Fasting insulin (mIU/L)a 17.9 (0.3-303.0) 15.3 (0.3-219.0)
HOMA-IRa   3.77 (0.07-78.11)   3.33 (0.07-51.59)
WBISIa   2.59 (0.39-11.90)   3.37 (0.52-24.19)
ALT (U/L)a 37.5 (8.0-283.0)   29.0 (4.0-561.0)

aP < 0.05 boys vs girls. Data are expressed as mean ± SD or median (range). 
BMI: Body mass index; HDL: High-density lipoprotein; LDL: Low-density 
lipoprotein; AI: Atherogenic index; HOMA-IR: Homeostasis model assess-
ment of insulin resistance; WBISI: Whole-body insulin sensitivity index; 
ALT: Alanine aminotransferase.
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MS: The diagnosis criteria have been described in our 
previous study[18], which followed the suggestions of  the 
Chinese Diabetes Association and the definition modified 
from the National Cholesterol Education Program’s Adult 
Treatment Panel Ⅲ (NCEP-ATPⅢ). MS was diagnosed 
if  patients met three or more of  the following criteria for 
age and sex: (1) central obesity; (2) hyperglycemia (fasting 
glucose ≥ 6.1 mmol/L, or random glucose ≥ 7.8 mmol/L) 
or impaired glucose tolerance (IGT) or type 2 diabetes; (3) 
systolic or diastolic blood pressure above the 95th percen-
tile for age and sex; and (4) hypertriglyceridemia (triglyceride 
concentration > 1.7 mmol/L) or low high-density lipopro-
tein-cholesterol (HDL-C) (< 1.03 mmol/L). In this study, 
high blood pressure was based on the percentile data of  
the 7th edition of  Practical Pediatric Text Book by Zhu Fu-
Tang[15]. IGT was defined as a glucose level > 7.8 mmol/L 
but < 11.1 mmol/L at 2 h. Type 2 diabetes was diagnosed 
according to the criteria of  American Diabetes Association 
in 1997 and World health Organization in 1999.

Laboratory assessment
Height was measured without socks and shoes, and weight 
was measured in children who were wearing only under-
clothing. Waist was measured at the midpoint between 
the lower border of  the rib cage and the iliac crest. Hip 
circumference was determined at the widest circle of  the 
bottom. Pubertal development stages were assessed using 
Tanner stage criteria. Blood pressure was taken twice us-
ing the right arm, with the subject in a quiet sitting posi-
tion, and the average level was recorded. 

Subjects underwent routine biochemical evaluation in 
the morning before 09:00 h after an overnight fast for at 
least 8 h. Fasting glucose, insulin, lipids total triglyceride 
(TG), total cholesterol (TCHO), HDL-C and low-density li-
poprotein-cholesterol (LDL-C), liver function [alanine ami-
notransferase (ALT) and aspartate aminotransferase (AST)] 
and uric acid were detected. Hepatitis serial serological tests 
(antibodies for hepatitis A-E) and glucose and insulin levels 
were also recorded during a standard (75 g) OGTT. Blood 
glucose was determined using a glucose oxidase method 
(North Biotechnology Company, Beijing, China) with intra-
assay and inter-assay coefficient of  variation (CVs) of  
2.1% and 4.4%. Insulin serum levels were determined by 
radioimmunoassay (North Biotechnology Company) with 
intra-assay and inter-assay CVs of  6.4% and 9.7%, respec-
tively. The serum concentrations of  TCHO, TG, HDL-C, 
LDL-C, ALT, AST and uric acid were measured by routine 
enzymatic methods in our clinical laboratory. 

The homeostasis model assessment of  insulin resistance 
(HOMA-IR), based on serum fasting glucose and insulin 
levels, was used to measure insulin resistance. The whole 
body insulin sensitive index (WBISI) and the ratio of  early 
insulin increment to early glucose increment (I30-0/G30-0) 
following oral glucose loading (75 g) were also obtained. 
HOMA-IR = [FIN (mU/L) × FBG (mg/dL)]/22.5; 
WBISI = 10000/[FIN (mU/L) × FBG (mg/dL) × average 
insulin (mU/L) × average glucose (mg/dL)]1/2; BMI = 
weight (kg)/[height (m)]2 (FIN: Free insulin; FBG: Free 
blood glucose).

Liver ultrasound examination
Liver ultrasound examination was carried out by one 
specialist who was unaware of  the aims of  the study and 
blinded to laboratory values on the same equipment (GE, 
LOGIC 500), using a convex 3.5-5.0 MHz probe. Sagittal 
hepatic sections that encompassed longitudinal images of  
the right liver lobe and the ipsilateral kidney were obtained. 
Liver-kidney contrast with two other well-known ultraso-
nographical findings of  fatty liver, vascular blurring and 
deep attenuation, enabled us to grade fatty change semi-
quantitatively. Fatty infiltration was graded semi-quanti-
tatively into four classes[19,20]: no steatosis (class 0), mild 
steatosis (class 1), moderate steatosis (class 2) and severe 
steatosis (class 3) (Figure 1).

Statistical analysis
Data were collected using an MS-Excel spreadsheet. Data 
were analyzed using the JMP Statistical Discovery Software 
version 7.0 (SAS Institute, Cary, NC, USA). Group com-
parisons for continuous data were performed using t tests 
for independent means or one-way analysis of  variance. A 
non-parametric test was used to evaluate the significance 
of  abnormally distributed data. For categorical data, we 
employed the χ2 test, Fisher’s exact test, or binomial test of  
proportions. Multivariate logistic regression models were 
used to adjust for covariate effects on the odds ratio (OR). 
Statistical significance was set at P < 0.05.

RESULTS
Prevalence of NAFLD and MS in Chinese obese children
Of  861 obese children, 587 (68.18%) were diagnosed as 
having NAFLD, and 221 (25.67%) as having MS. The 
prevalences of  hypertension, dyslipidemia, hyperuricaci-
demia, impaired fasting glucose, IGT and diabetes were 
37.28% (321), 42.04% (362), 28.69% (247), 6.38%(55), 
8.01% (69) and 1.39% (12), respectively. Moreover, the 
incidence of  NAFLD in MS patients reached 84.61% 
(187/221), which was significantly higher than that of  
hypertension (57.46%, 127/221) and glucose metabolic 
anomalies (22.62%, 50/221), but almost equal to the prev-
alence of  dyslipidemia (89.14%, 197/221).

NAFLD is associated with MS and its components 
among obese children
To investigate whether liver disorders are associated with 
MS, participants were divided into three subgroups: group 
0 (normal liver in ultrasound and normal transaminases); 
group 1 (fatty liver in ultrasound and normal transaminases); 
and group 2 (fatty liver ultrasound and elevated transami-
nases). Table 2 indicates that sex, age and Tanner stage were 
comparable among the three subgroups. Nevertheless, the 
occurrence rates of  MS increased with deterioration of  liver 
from 12.04% in group 0 to 29.36% in group 1, and 39.74% 
in group 2 (P < 0.05). The prevalence of  hypertension, 
dyslipidemia, IGT and diabetes in group 2 was significantly 
higher than that in group 0 (P < 0.05). Further investiga-
tion indicated that the prevalence of  dyslipidemia and IGT 
increased steadily from group 0 to group 1 and group 2 
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(15.32% to 46.78% to 76.82%; 1.82% to 6.88% to 13.24%, 
P < 0.05). In addition, the levels of  triglycerides, cholesterol, 
ALT and uric acid in group 2 were significantly higher than 
those in group 1 and group 0 (P < 0.05) (Table 3). It was 
indicated that the NAFLD was closely associated with pro-
gression of  MS and its components in these obese children. 

NALFD is accompanied by insulin resistance in obese 
children
Insulin resistance is a key event that causes MS in both 

adults and children[21]. To investigate whether NAFLD is 
associated with insulin resistance, we performed OGTT 
and insulin releasing test in all the participants. As for 
the results of  blood glucose, fasting blood glucose and 
120-min OGTT glucose levels in group 2 were signifi-
cantly higher than those in group 0 (P < 0.05). The blood 
level of  insulin, including fasting insulin, 30-min OGTT 
insulin and 120-min OGTT insulin, were significantly 
increased in groups 1 and 2 as compared with those in 
group 0 (P < 0.05). The HOMA-IR and WBISI reflected 
insulin resistance and sensitivity respectively. Our analysis 
indicated that HOMA-IR was elevated significantly in 
groups 1 and 2, whereas WBISI decreased significantly as 
compared with that of  group 0 (P < 0.05) (Table 3). This 
finding revealed that NAFLD was significantly associated 
with insulin resistance among these obese children. 

MS is associated with liver steatosis found by 
ultrasound examination
Fatty infiltration is another indicator that reflects liver 
damage, which can be easily detected by ultrasound ex-
amination. Based on B-ultrasound examination, 861 obese 
children were classified into class 0 (274 cases without ste-
atosis), class 1 (105 cases with mild steatosis), and classes 
2-3 (482 cases with moderate and severe steatosis). It was 
indicated that the relative risk of  MS increased to 3.10 [95% 
confidence interval (95% CI): 1.20-8.00] in class 1 and 3.77 
(95% CI: 1.90-7.47) in classes 2-3 (P < 0.01) (Table 4). 
Based on the B-ultrasound scales, the presence of  moder-
ate and severe liver fatty infiltration carried a high risk of  
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Figure 1  Liver B-ultrasound scans show the panel of four different classes of liver steatosis. A: Class 0: not observed; B: Class 1: mild, liver-kidney contrast 
without vascular blurring and deep attenuation; C: Class 2: moderate, liver-kidney contrast with vascular blurring, but no deep attenuation; D: Class 3: severe, combi-
nation of liver-kidney contrast with vascular blurring and deep attenuation.

Table 2  Comparison of prevalence of metabolic syndrome 
and its components among three groups

Group 0 
(n  = 274)

NAFLD

Group 1 
(n  = 436)

Group 2 
(n  = 151)

Age (yr) 10.36 ± 2.15 10.59 ± 1.85 10.40 ± 2.28
Sex (M/F) 187/87 305/131 106/45
Tanner stage (T1/T2–4)   130/144 209/227   74/77
BMI 26.88 ± 3.19  28.78 ± 3.96a  28.85 ± 3.69a

Hypertension   68 (24.82)  180 (41.28)a   73 (48.34)a

Dyslipidemia   42 (15.32)   204 (46.78)a  116 (76.82)a,c

Impaired fasting glucose   5 (1.82) 30 (6.88)    20 (13.24)a,c

IGT 13 (4.74) 38 (8.72)   18 (11.92)a

Diabetes   0 (0.00)   5 (1.14)    7 (4.63)a,c

MS   33 (12.04)  128 (29.36)a    60 (39.74)a,c

aP < 0.05 vs group 0; cP < 0.05, group 1 vs group 2. Data are expressed as 
percentage, mean ± SD. NAFLD: Non-alcoholic fatty liver disease; BMI: 
Body mass index; IGT: Impaired glucose tolerance; MS: Metabolic syndrome.
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developing hypertension (OR: 2.18, 95% CI: 1.27-3.75), 
dyslipidemia (OR: 7.99, 95% CI: 4.34-14.73), impaired 
fasting glucose (OR: 3.65, 95% CI: 1.04-12.85), and hy-
peruricacidemia (OR: 3.76, 95% CI: 2.03-6.96) (Table 4, 
Figures 2-4). We also determined whether HOMA-IR and 
WBISI were associated with the degree of  fatty liver. It 
was revealed that the HOMA-IR increased significantly 
from 2.64 in class 0 to 3.57 in classes 2-3 , but the WBISI 
decreased from 3.97 in class 0 to 2.67 in classes 2-3 among 
the obese subjects. All these findings indicated that the 
scale of  fatty infiltration in liver was closely related to MS 
and insulin resistance among Chinese obese children. 

DISCUSSION
The prevalence of  both NAFLD and MS was higher in 
this study at 68.18% and 25.67%, respectively, than that 
of  9.6% and 4.2% in the general pediatric population[22]. 
NAFLD is regarded as an increasing clinical problem 
in children and adolescents, and accounts for the vast 
majority of  cases with elevated serum liver enzymes[23]. 
Moreover, NAFLD is known to be related to the factors 
that predict the development of  coronary heart disease, 
such as dyslipidemia, central obesity and MS. 

Apart from that, NAFLD has been shown increasingly 
and more convincingly to be an important component of  
MS. In this study, we demonstrated that the prevalence of  
MS was three times higher in NAFLD obese children than 
in those without liver disorders (39.74% vs 12.04%, P < 
0.05). The incidence of  each component of  MS was also 

significantly higher in NAFLD subjects (P < 0.05). More-
over, the presence of  moderate and severe liver fatty infil-
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Table 3  Clinical and laboratory data of non-alcoholic fatty liver disease compared with obese children without liver disorder

Group 0 (n  = 274) NAFLD

Group 1 (n  = 436) Group 2 (n  = 151)

Age (yr) 10.36 ± 2.15 10.59 ± 1.85 10.40 ± 2.28
BMI (kg/m2) 26.58 ± 3.19  28.85 ± 3.69a  28.78 ± 3.96a

BMI Z-score   3.17 ± 1.26   3.33 ± 1.37      3.93 ± 1.60a,c

Waist circumference (cm)   85.63 ± 10.17    91.58 ± 11.24a    92.2 ± 9.31a

Father BMI (kg/m2) 25.12 ± 3.68 25.68 ± 5.78 25.55 ± 3.75
Mother BMI (kg/m2) 22.83 ± 3.14  23.46 ± 3.61a  23.64 ± 3.38a

Systolic blood pressure (mmHg) 113.62 ± 11.89  118.30 ± 13.37a  118.03 ± 12.73a

Diastolic blood pressure (mmHg) 67.80 ± 9.02 69.00 ± 9.38  69.43 ± 8.67a

ALT (U/L)                         24 (8-74)                           29 (4-75)a                       51.5 (76-561)a,c

Uric acid (μmol/L)     352.9 (186.5-603.20)         365.9 (168.10-708.50)a       412.5 (7.38-771.30)a,c

Triglycerides (mmol/L)   1.4 (0.19-6.76)  1.42 (0.26-5.90)     1.77 (0.28-8.64)a,c

Cholesterol (mmol/L)   4.37 ± 0.99   4.34 ± 0.87      4.71 ± 0.99a,c

HDL   1.29 ± 0.39   1.23 ± 0.28   1.22 ± 0.28
LDL   2.52 ± 0.66   2.54 ± 0.68   2.68 ± 0.78
AI   2.07 ± 0.73   2.15 ± 0.70    2.31 ± 0.92a

Fasting blood glucose (mmol/L)   4.82 ± 0.52   4.88 ± 0.69    4.95 ± 0.55a

30-min OGTT glucose (mmol/L)   7.54 ± 1.17   7.73 ± 1.24   7.69 ± 1.21
120-min OGTT glucose (mmol/L)   5.66 ± 1.36    6.31 ± 1.42a    6.22 ± 1.63a

HbA1c (%)   5.70 ± 0.50   5.71 ± 0.53   5.65 ± 0.62
Fasting insulin (mIU/L) 12.7 (0.3-187.0)   17.0 (0.3-219.0)a   18.2 (2.1-303.0)a

30-min OGTT insulin (mIU/L) 85.3 (1.8-400.0) 112.0 (0.5-400.0)a 106.2 (1.6-400.0)a

120-min OGTT insulin (mIU/L) 36.3 (3.2-400.0)   63.6 (1.7-386.0)a   69.8 (7.0-400.0)a

HOMA-IR   2.61 (0.07-41.56)     3.71 (0.08-51.59)a     3.95 (0.48-78.11)a

WBISI 4.0 (0.6-16.4)   2.8 (0.9-24.2)a   2.6 (0.4-16.7)a

aP < 0.05 vs group 0; cP < 0.05, group 1 vs group 2. Data are expressed as mean ± SD or median (range). NAFLD: Non-alcoholic fatty liver disease; BMI: Body 
mass index; ALT: Alanine aminotransferase; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; AI: Atherogenic index; OGTT: Oral glucose 
tolerance test; HOMA-IR: Homeostasis model assessment of insulin resistance; WBISI: Whole-body insulin sensitivity index.

Table 4  Metabolic syndrome in obese patients diagnosed by 
B-ultrasound

Scale (0) 
(n  = 274)

Scale (1) 
(n  = 105)

Scale (2-3) 
(n  = 482)

P

Hypertension
   No 206 54 280
   Yes   68 51 202 < 0.05
   OR (95% CI) 1.0  2.87 (1.29-6.37)  2.18 (1.27-3.75)
Dyslipidemia
   No 232 57 210
   Yes   42 48 272 < 0.01
   OR (95% CI) 1.0 5.21 (2.23-12.18) 7.99 (4.34-14.73)
Impaired fasting glucose
   No 269            102 435
   Yes     5   3   47 < 0.05
   OR (95% CI) 1.0    1.0 (0.1-9.94)  3.65 (1.04-12.85)
Impaired glucose tolerance
   No 261 99 432
   Yes   13   6   50 > 0.05
   OR (95% CI) 1.0  1.53 (0.27-8.74)    2.9 (0.95-8.87)
Hyperuricacidemia
   No 232 81 301
   Yes   42 24 181 < 0.01
   OR (95% CI) 1.0  1.83 (0.71-4.74)  3.76 (2.03-6.96)
MS
   No 241 75 324
   Yes   33 30 158 < 0.01
   OR (95% CI) 1.0  3.10 (1.20-8.00)  3.77 (1.90-7.47)

MS: Metabolic syndrome; OR: Odds ratio; CI: Confidence interval.
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tration confirmed by B-ultrasonography carried a high risk 
of  development of  MS, which highlights that NAFLD 
is closely associated with features of  MS. In contrast, the 
incidence of  NAFLD in MS patients reached 84.61%, 
which was significantly higher than that of  hypertension 
(57.46%) and glucose metabolic anomalies (22.62%), and 
almost equal to the prevalence of  dyslipidemia (89.14%). 
This indicates that NAFLD might be an early stage me-
diator for prediction of  MS. 

To date, the biological mechanisms that are involved 
in the higher risk of  developing metabolic disorders in 
patients with NAFLD are not fully understood. Insulin 
resistance seems to be the key event. Nevertheless, most 
obese patients with NAFLD had hyperinsulinemia and 
higher insulin resistance compared with those without 
liver disorders, as calculated by fasting insulin, 30 min and 
120 min insulin after glucose loading, HOMA-IR and 
WBISI. In contrast, patients with NAFLD were more 
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obese and exhibited higher insulin resistance and more 
marked metabolic complications than those with simple 
obesity. Fatty liver itself  is an insulin resistance status[24], 
and because hepatic fat accumulation can lead to hepatic 
insulin resistance, the latter may occur before any alter-
nation in peripheral insulin action or peripheral insulin 
resistance. Moreover, insulin resistance may cause abnor-
malities of  lipid storage and lipolysis in insulin-sensitive 
tissues, which may induce increased fatty acid flux from 
adipose tissue to the liver and result in steatosis[25]. Insu-
lin resistance may also cause lipid peroxidation, which in 
turn, activates inflammatory cytokines and promotes the 
progression of  innocent steatosis to non-alcoholic steato-
hepatitis and liver fibrosis[26]. The impairment in fat and 
glucose metabolism when insulin resistance occurs, can 
lead to similar biochemical and clinical abnormalities in 
patients with NAFLD, and sooner or later it will inevitably 
develop to systemic MS. 

An accurate fatty liver diagnosis and staging of  non-al-
coholic steatohepatitis requires liver biopsy. However, liver 
biopsy is not performed often in patients, especially in 
children, with no significant or trivial liver diseases. Most 
of  the patients with liver steatosis can be well-managed 
without a need for liver biopsy. In our study, steatosis was 
assessed by liver ultrasonography with a sensitivity of  83% 
and a specificity of  100% in comparison with the gold 
standard of  histological diagnosis. Therefore, liver ultra-
sonography is being strongly suggested as a non-invasive 
study of  NAFLD[18,27,28]. It was particularly interesting to 
find that both the prevalence of  MS and every compo-
nent of  MS increased as the liver ultrasonographic grade 
deteriorated. Moreover, liver fat is highly significantly 
associated with all components of  MS. Compared with 
abdominal and overall obesity, fatty liver has the highest 
frequency of  clustering, greater specificity, higher positive 
predictive value and the most attributable risk for detect-
ing risk factors of  cardiovascular disease, type 2 diabetes 
and MS[29,30]. Thus, fatty liver seems to be an early media-
tor for prediction of  other metabolic disorders. Since B 
ultrasound scan can be easily and widely applied in hos-
pitals, this simple and effective scanning technique may 
provide a new method of  MS screening in the future. 

All findings in our study have stimulated interest in the 
possible role of  NAFLD in the development of  metabol-
ic complications. Their coexistence in the same individual 
increases the likelihood of  having more severe dysmeta-
bolic status. Several studies in adults also have demon-
strated that NAFLD is the primary hepatic complication 
of  obesity and insulin resistance, and may be considered 
the early hepatic manifestation of  MS. Early treatment, 
such as lifestyle or diet modification, aerobic exercise, or 
medication (metformin or vitamin E), for NAFLD may 
not only improve the prognosis of  liver disease, but also 
reduce the occurrence of  underlying metabolic and vas-
cular complications. Furthermore, it is also implied that 
earlier adjustment to mobilizing fat out of  the liver might 
reduce the risks of  MS.
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