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Abstract
 Objective: To explore the factors influencing insulin resistance in obese Chinese children. Methods: We randomly selected 53
children with uncomplicated obesity between 9 to14 years of age, and 29 normal healthy children, matched for age and sex. Anthropometric
and plasma biochemical variables(including lipid profiles, glucose and insulin) were measured using standard methods. We calculated
insulin resistance(IR) index using homeostasis model assessment(HOMA) methods and measured plasma high-sensitivity C-reactive
protein(hs-CRP) levels using nephelometric methods. All statistical analyses were conducted using the statistical package SPSS. Results:
Levels of fasting serum insulin, hs-CRP, total cholesterol(TC), low density lipoproteins cholesterol(LDL-C) and IR index were higher in
obese children than in controls, while high-density lipoprotein cholesterol(HDL-C) values were lower in the obese children. There was no
significant difference in levels of fasting blood glucose between the two groups. HOMA-IR was used as the dependent variable in
multivariate regression analysis. Significant independent predictors for insulin resistance adjusted for waist/hip ratio, diastolic pressure
(DBP), BMI, triglycerides and HDL-C level were waist circumference(WC), weight and systolic pressure(SBP). Conclusion: Waist
circumference, weight and SBP are predictors of insulin resistance syndrome in Chinese adolescents
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INTRODUCTION
 Overweight and obesity prevalence is increasing in
children worldwide, and China is not spared. Ji et al[1]

reported the prevalence of obesity was increasing more
quickly in Chinese children. In most metropolitan
areas the prevalence of being overweight is two to three
folds more than that of 10 years ago. Since 2000, most
of the Chinese metropolitan areas have started the so
called“overall increment period”of obesity. The
prevalence rates of obesity has already reached the
average level seen in the medium-developed countries
in the world for boys aged 7-9 and 10-12 years of age,
a trend echoed in other countries[2] .
 It has been reported that obese children exhibit

resistance to insulin(within the context of metabolic
syndrome)[3,4], low-grade systemic inflammation[5, 6] and
dyslipidemia[7], all of which are risk factors for the
development of cardiovascular disease. Insulin resis-
tance is believed to be a central factor in the develop-
ment of the disease[8]. There is considerable interest in
the evaluation of insulin resistance in childhood. In
China, on the whole, limited information is available
about the prevalence of insulin resistance in obese
children and adolescents.
 The aim of our study was to examine the insulin
resistance status, based on glucose and insulin levels
evaluated under fasting conditions, and to explore the
relationship between obesity, insulin resistance status
and plasma high sensitivity C-reactive protein(hs-CRP)
levels in a sample of obese adolescents.
METHODS
Study sample
 We studied 53(44 male) obese Chinese children and
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adolescents(mean age 11.1± 1.6years, range 9-14
years) recruited from the Department of Pediatrics at
the First Affiliated Hospital of Anhui Medical
University, Hefei. Subjects were eligible with a BMI at
the 95th percentile of the referenced BMI of metro-
politan children of the same age and sex[1]. Exclusion
criteria were secondary or genetic obesity and the use
of any drug therapy. Twenty-nine(20 male) normal
weight, healthy subjects(mean age 11.5 ± 0.6 years,
range 11-13 years) were the control group, matched to
sex and age. All of the participating children completed
a structured questionnaire detailing their personal
history of disease, pubertal development and lifestyle
characteristics.
 The Ethical Committee of the Anhui Medical Uni-
versity approved this study and the parents of the
children gave their informed consent for the children
to participate in the study.
Anthropometric measurements
 Anthropometric measurements were carried out in
the morning with the children wearing light indoor
clothing and barefoot .Height, weight, WC(at the
umbilicus) were recorded to the nearest 0.5 cm, 0.1 kg
and 0.1 cm, respectively.  We calculated their body
mass index(BMI) as body weight(kg) divided by the
square of their height(m). Overweight is defined as the
85th percentile BMI with age- and gender-specification.
Obesity is the 95th percentile BMI[1]. WHR is the waist-hip
circumference ratio. Systolic blood pressure(SBP) and
diastolic blood pressure(DBP) were measured twice at
the right arm after a 5-minute rest in the supine position
using a calibrated sphygmomanometer and the values
were averaged. Pubertal development was assessed by
physical examination according to Tanner’s criteria[9].

Biochemical measurements
 After a 12-h overnight fast, measurements for plasma
glucose and insulin, serum triglycerides(TG), total
cholesterol(TC), high-density lipoprotein cholesterol
(HDL-C), low density lipoproteins cholesterol(LDL-
C) and high-sensitivity C-reactive protein(hs-CRP) were
made in all subjects.
 Plasma glucose concentrations, lipid profiles and the
high sensitive C-reactive protein(hs-CRP) levels were
analyzed immediately after blood sampling; plasma
insulin was performed within 3 days of the blood samples
being stored at -4℃. The estimate of insulin resistance
was calculated by a homeostasis model assessment
(HOMA-IR) index (fasting insulin-fasting glucose/22.5),
as described by Matthews and colleagues[10]. To distin-
guish normal from impaired insulin sensitivity, HOMA-
IR > 4.0 was employed as the cut-off levels in
adolescents, according to the normal values provided

by a recent national study[11]. Impaired fasting glycae-
mia (IFG) was defined as a fasting plasma glucose level
> 110 and <126 g/L.
Statistical analysis
 We used mean and standard deviation(SD) to
describe the distributions of age, body weight, BMI,
hs-CRP, HOMA-IR, lipids, glucose and insulin levels,
Correlation between variables was evaluated using
Spearman correlation coefficient and regression
analysis. Multivariate regression analysis was performed
using the stepwise method. For each variable, potential
confounding factors were evaluated by an analysis of
raw and adjusted regression coefficients.
 Statistical analysis was conducted using SPSS
version 11.0(Statistical Package for Social Science Inc.,
Chicago, IL, USA).
RESULTS
 Table 1 shows the anthropometric data and selected
biochemical parameters of the obese and control groups.
Weight, weight status(BMI), waist circumference, waist/
hip ratio, SBP and DBP were significantly higher in
the obese group(Table 1) than control group. Obese
and control non-obese children were pubertal and obese
children did not differ significantly from the non-obese
children in age, sex and pubertal status.
 Fasting glucose levels were in the normal range and
there was not significant differences between obese and
control children. However, fasting insulin concentra-
tions and HOMA-IR values were significantly higher
in the obese children than in the non-obese children.
The obese children showed significantly higher TC,
LDL-C and hs-CRP concentrations, whereas their HDL-C
concentrations were significantly lower when com-pared
with normal weight children(Table 1).
 Table 2 shows coefficients of simple correlation(r)
between HOMA-IR and different variables in the obese
children. In the single linear correlation, for the obese
group, HOMA-IR was positively correlated with
triglycerides, weight, BMI, waist circumference, waist/
hip ratio, systolic and diastolic pressures, and negatively
correlated with high-density lipoproteins, but not with
hs-CRP, low density lipoproteins and total cholesterol.
However, when HOMA-IR was used as the dependent
variable in multiple linear regression analyses, the sig-
nificant independent predictors for insulin resistance
adjusted for waist/hip ratio, diastolic BP, BMI, trig-
lycerides and HDL level were waist circumference,
weight and SBP(Table 3).
 Table 4 shows the Spearman correlation of plasma
hs-CRP levels with anthropometric measures, biochemical
variables and insulin resistance status in obese children.
Plasma hs-CRP levels were significantly positively
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Table 1 Clinical characteristics of the study population
Obese children       Non-obese children

5 3
10/43

011.10± 1.60
064.80± 15.71***

028.30± 03.29***

090.60± 09.59***

000.96± 00.06***

127.20± 11.90***

081.40± 08.60***

017.07± 12.24***

005.11± 01.61
003.71± 02.96***

001.01± 00.81
003.68± 00.74***

001.47± 00.25**

001.87± 00.61***

002.66± 02.90**

2 9
9/20

011.50± 0.60
048.24± 8.56
020.28± 2.48
070.54± 7.48
000.73± 0.03
104.00± 8.20
070.00± 4.90
007.29± 2.22
004.75± 0.49
001.54± 0.67
000.83± 0.03
003.27± 0.54
001.57± 0.28
001.48± 0.42
001.41± 0.66

No
sex(F/M)
age(y)
weight(kg)
BMI(kg/m2)
WC(cm)
WHR
SBP(mmHg)
DBP(mmHg)
insulin(mmol/L)
glucose(mmol/L)
HOMA-IR
TG(mmol/L)
TC(mmol/L)
HDL-C(mmol/L)
LDL-C(mmol/L)
hs-CRP(mmol/L)

 Abbreviations: BMI, body mass index; HOMA-IR, insulin resis-
tance by homeostasis modeling; TC=total cholesterol; LDL-C=low
density lipoproteins cholesterol; HDL-C=high density lipoproteins
cholesterol; TG=triglycerides; SBP=systolic pressure(mmHg);
DBP=diastolic pressure(mmHg); WHR=waist/hip ratio; WC=waist
circumference; hs-CRP=high sensitivity C-reactive protein; Means
± s; *P < 0.05; **P < 0.01; ***P < 0.001.

Table 2 Coefficients of simple correlation(r) between
                HOMA-IR and different variables of the obese

r                                    P
0.305
0.461
0.576
0.369
0.461
0.284

-0.095
0.024
0.515
0.059

-0.307

0.028
0.001
0.000
0.010
0.001
0.041
0.504
0.868
0.000
0.676
0.027

Weight
BMI
WC
WHR
SBP
DBP
hs-CRP
TC
TG
LDL-C
HDL-C

 Abbreviations: BMI, body mass index; HOMA-IR, insulin resis-
tance by homeostasis modeling; TC=total cholesterol; LDL-C=low
density lipoproteins cholesterol; HDL-C=high density lipoproteins
cholesterol; TG=triglycerides; SBP=systolic pressure(mmHg);
DBP=diastolic pressure(mmHg); WHR=waist/hip ratio; WC=Waist
circumference; hs-CRP=high sensitivity C-reactive protein.

correlated with HR, plasma TC and LDL and nega-
tively correlated with waist circumference, weight, and
BMI. We used multivariate regression analyses to evalu-
ate the association of plasma hs-CRP with these variable,
Plasma hs-CRP levels were significantly associated with
plasma LDL and HR.
DISCUSSION
 Obesity leads to insulin resistance causing impaired
glucose tolerance(IGT) over time, and ultimately type
2 diabetes. The presence of the metabolic syndrome in
children and adolescents has also been reported[12-14].
Thus with the obesity epidemic, the incidence of type 2

 Table 3 Multiple Linear Regression Analysis(Stepwise
                    Method)*

βcoefficient     95% confidence interval         P
0.342

-0.149
0.072

0.207-0.477
(-0.231)-(-0.066)

0.007-0.136

WC
weight
systolic BP

0.000
0.001
0.030

 Abbreviations: BP, blood pressure; HOMA-IR, insulin resistance by
homeostasis modeling; WC, waist circumference.
*Dependent variable, HOMA-IR

diabetes mellitus in children has increased alarmingly.
It seems essential to discover the early indicators of
insulin resistance in obese children and adolescents. Our
study is designed to document the extent of the meta-
bolic consequences of obesity among obese children and
adolescents in our community.
 In this study insulin resistance status was assessed by
HOMA-IR, which is a simplified tool to estimate insu-
lin sensitivity[15]. The obese pubertal children in our
study had higher fasting insulin and HOMA-IR than
the controls, similar to those obtained in another group
of obese children[16]. We found that 23.08% of the obese
adolescents were insulin-resistant, using a cut-off value
of >4.0, based on the Italian reference values for ado-
lescents[11] since there is not enough knowledge about
the cut-off value of insulin-resistant in obese children
in China. At variance with other studies in obese
adolescents, Valerio et al[17], using a HOMA-IR cut-off
value of 4.0, found 41.2% of their cases were insulin-
resistant. We did not find any case of insulin resistance
among normal adolescents. One case of diabetes and
impaired fasting glucose(IFG) was found in our sample,
1.9%(1/53). Childhood and adolescent diabetes melli-

Table 4 Spearman correlation(r) between hs-CRP and
               different variables of the obese

r                                    P
-0.261
-0.407
-0.389
-0.325
-0.052

0.003
0.058
0.341
0.127
0.295
0.180
0.223

-0.039
0.401

-0.056

0.063
0.003
0.004
0.019
0.727
0.984
0.685
0.013
0.371
0.033
0.202
0.112
0.782
0.005
0.695

Age
Weight
BMI
WC
WHR
SBP
DBP
TC
TG
LDL-C
HDL-C
Glucose
Insulin
HR
HOMA-IR

 Abbreviations: BMI, body mass index; HOMA-IR, insulin resistance
by homeostasis modeling;TC=total cholesterol; LDL-C=low density
lipoproteins cholesterol; HDL-C=high density lipoproteins cholesterol;
TG=triglycerides; SBP=systolic pressure(mmHg); DBP=diastolic
pressure(mmHg);WHR=waist/hip ratio; WC=Waist circumference;
hs-CRP=high sensitivity C-reactive protein; HR=heart rate.
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tus reports from Europe range from 0% to 1.5%[18, 19],
while in the United States, adolescents with diabetes
mellitus(DM) is 4.0%[20].
 In our sample multivariate regression analyses
performed to evaluate the factors associated with insu-
lin resistance indicated that the variables independently
associated with HOMA-IR were waist circumference,
weight and SBP. Similar results were obtained in a study
done by Valeria and collegues[21] analyzing the rela-
tionship between waist circumference and insulin
resistance syndrome in children and adolescents. They
administered a homeostasis assessment model of insu-
lin resistance(HOMA-IR) in 40 obese, 28 overweight
and 16 non-obese children and adolescents, and found
waist circumference and SBP to be significant inde-
pendent predictors for insulin resistance, but not BMI.
It appears that waist circumference is a predictor of
insulin resistance syndrome in children and adolescents
and could be included in clinical practice as a simple
tool to help identify children at metabolic risk of car-
diovascular disease and type 2 diabetes mellitus(T2DM).
 In our sample, TG, LDL-C and hs-CRP levels were
significantly higher in obese than control, but were not
correlated with insulin resistance. Plasma hs-CRP levels
were positively correlated with body weight, BMI, waist
circumference, total cholesterol and low density lipo-
proteins among obese children. The lack of association
between hs-CRP level and HOMA-IR suggests that
obesity may precede the elevation of these markers in
the evolution of insulin resistance.
 In conclusion, the results of the present study suggest
that waist circumference and weight were the main
predictors of insulin resistance in these 9 to 14 year old
obese children. Early treatment and improvement of
insulin sensitivity may prevent type2 diabetes and meta-
bolic syndrome.
References
[1] Ji CY, Sun JL,Chen TJ. Dynamic analysis on the prevalence of

obesity and overweight school-age children and adolescents in
recent 15 years in China Chin.J Epidemiol 2004;25: 103-8.

[2] Turnbull A, Barry D, Wickens K, Crane J. Changes in body
mass index in 11-12 year old children in Hawkes Bay, New
Zealand(1989-2000).J Paediatr Child Health 2004;40:33-7.

[3] Valle M, Gascón F, Martos R, Ruz FJ, Bermudo F, Morales R,
et al. Metabolic cardiovascular syndrome in obese prepubertal
children: the role of high fasting insulin levels. Metabolism
2002; 51:423-8.

[4] Csábi G, TöröK, Jeges S, Molnár D.Presence of metabolic
cardiovascular syndrome in obese children. Eur J Pediatr 2000;
159:91-4.

[5] Visser M, Bouter LM, McQuillan GM, Wener MH, Harris TB.
Low grade systemic inflammation in overweight children.
Pediatrics 2001; 107: E13.

[6] Reinehr T, Stoffel-Wagner B, Roth CL, Andler W. High-sen-
sitive C-reactive protein, tumor necrosis factor-a, and cardio-

vascular risk factors before and after weight loss in obese
children. Metabolism. 2005; 54: 1155-61.

[7] Reinehr T, Kiess W, de Sousa G, Stoffel-Wagner B, Wunsch R.
Intima media thickness in childhood obesity, relations to
inflammatory marker, glucose metabolism, and blood pressure.
Metabolism.2006; 55: 113-8.

[8] DeFronzo RA, Ferrannini E. Insulin resistance: a multifaced
syndrome responsible for NIDDM, obesity, hypertension,
dyslipidemia and atherosclerotic cardiovascular disease. Diabetes
Care 1991; 14:173-94.

[9] Tanner. JM. Growth and maturation during adolescence. Nutr
Rev 1981; 39:43-55.

[10] Matthews DR, Hosker JP, Rudenski AS, Naylor BA. Homeo-
stasis model assessment: insulin resistance and b-cell function
from fasting plasma glucose and insulin concentrations in man.
Diabetologia 1985; 28:412-9.

[11] d’Annunzio G, Vanelli M, Meschi F, Pistorio A, Caso M,
Pongiglione C, et al. The SIEDP Study Group. Valori normalidi
HOMA-IR in bambini e adolescenti: studio multicentricoitaliano.
Quad Pediatr 2004; 3: 44.

[12] Atabek, M, Pirgon O, Kurtoglu S. Prevalence of metabolic
syndrome in obese Turkish children and adolescents. Diabetes
Res Clin Prac 2006; 72:315-21.

[13] Weiss R, Dziura J, Burgert TS, Tamborlane WV, Taksali SE,
Yeckel CW, et al.Obesity and the metabolic syndrome in children
and adolescents. N Engl J Med 2004; 350:2362-74.

[14] Pnina V, Keren Shahaf-A, Elliot S, Ilana K, Zvi Z, Muhammad
S, et al .Components of the metabolic  syndrome(MTS),
hyperinsulinemia, and insulin resistance in obese Israeli chil-
dren and adolescents. Diabetes and Metabolic Syndrome: Clin
Res Rev 2007; 1: 97-103.

[15] Keskin M, Kurtoglu S, Kendirci M, Atabek M. Yazici C. Ho-
meostasis model assessment is more reliable than the fasting
glucose/insulin ratio and quantitative insulin sensitivity check
index for assessing insulin resistance among obese children
and adolescents. Pediatrics 2005; 115 :e500-3.

[16] Maria K, George P.N, Glykeria P, Katerina S, George P.C,
Labros S.S. Elevated total and central adiposity and low physi-
cal activity are associated with insulin resistance in children.
Metabolism 2007; 56: 206-13.

[17] Valerio G, Licenziati MR, Iannuzzi A, Franzese A, Siani P,
Riccardi G, et al. Insulin resistance and impaired glucose toler-
ance in obese children and adolescents from Southern Italy.
Nutr Metab Cardiovasc Dis 2006; 16:279-84.

[18] Invitti C, Guzzaloni G, Gilardini L, Morabito F, Viberti G.
Prevalence and concomitants of glucose intolerance in Euro-
pean obese children and adolescents. Diabetes Care 2003; 26:
118-24.

[19] Tresaco B, Bueno G, Moreno LA, Garagorri JM, Bueno M.
Insulin resistance and impaired glucose tolerance in obese chil-
dren and adolescents. J Physiol Biochem 2003; 59:217-23.

[20] Sinha R, Fisch G, Teague B, Tamborlane WV, Banyas B, Allen
K, et al. Prevalence of impaired glucose tolerance among chil-
dren and adolescents with marked obesity. N Engl J Med 2002;
346: 802-10.

[21]  Hirschler V, Aranda C, Calcagno Mde L, Maccalini G, Jadzinsky
M.Can Waist Circumference Identify Children with the Meta-
bolic Syndrome. Arch Pediatr Adolesc Med 2005; 159: 740-4.




