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ABSTRACT. Background: Although an association between
insulin resistance (IR) and body adiposity has been reported
in obese children, this relationship has not been studied as
thoroughly as in adults. Aim: We evaluated the association
between oral glucose tolerance testing (OGTT) and percent
body fat (PBF) in a sample of 1512 obese children followed
at a Pediatric Obesity Clinic. Subjects and methods: Six hundred and twenty-eight male and 884 female obese children
aged 6 to 18 yr were consecutively enrolled into the study.
OGTT was performed with administration of 1.75 g of glucose per kg of body weight (up to 75 g). PBF was estimated
through bioelectrical impedance analysis (BIA) using a population-specific formula recently published by our group. Mul-

tivariable median regression was used to evaluate the association between 4 outcomes [glucose area under the curve
(AUC), insulin AUC, insulin sensitivity index (ISI), and insulinogenic index (IGI)] and gender, age or pubertal status
and PBF. Results: Median PBF was 52% (range 26 to 70%).
After correction for age and gender, a 10% increase of PBF
was associated with a decrease of –0.50 [95% confidence interval (CI): –0.65 to –0.35] units of ISI and an increase of 0.15
units of IGI (95%CI 0.07 to 0.24). Conclusions: In obese children, PBF is inversely associated with IR and directly associated to β-cell response as detected by OGTT.
(J. Endocrinol. Invest. 35: 893-896, 2012)
©2012, Editrice Kurtis

INTRODUCTION

cially true in pediatric age (4). Among the methods for
the assessment of body composition, DXA has gained
increased popularity in recent years (5). However, DXA
involves exposing the body to ionizing radiation so that
indirect methods are commonly calibrated against DXA
to develop prediction equations suitable for use in epidemiological studies (6). With this aim in mind, we have
recently developed a prediction equation for the assessment of body composition in obese children based on
bioelectrical impedance analysis (BIA) (7).
In the present study, we evaluated the association between IR and β-cell function as detected by OGTT and
percent body fat (PBF) estimated from BIA in a sample
of 1512 obese children followed at our Pediatric Obesity Clinic.

Insulin resistance (IR), i.e. the decreased response of tissues to insulin-mediated cellular actions, is commonly associated with obesity. However, not all obese individuals are insulin resistant and IR may occur in non-obese
adults as well as in children (1). IR is determined primarily by the response of skeletal muscle to insulin, but body
adiposity is estimated to be responsible for 25% of this
effect in adults (1, 2).
Although an association between IR and body adiposity
has been reported in obese children (3), this relationship
has not been studied as thoroughly as in adults. The need
of invasive and not readily available methods to obtain
reliable assessments of both IR (e.g. euglycemic hyperinsulinemic clamp) and body composition [e.g. dual-energy X-ray absorptiometry (DXA)] has probably contributed to this lack of systematic evaluation. Most pediatric studies have evaluated the association of IR with adiposity using the homeostasis model assessment (HOMA)
index as surrogate measure of IR and body mass index
(BMI) as surrogate measure of body fat (1).
Although BMI is a predictor of cardiometabolic disease in
adults and childhood BMI tracks adult BMI, it is not an
accurate indicator of body composition and this is espe-
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MATERIALS AND METHODS
Study design
Obese children and adolescents of Italian ancestry followed as
inpatients at the Division of Auxology of the Istituto Auxologico Italiano (Piancavallo, Verbania, Italy) between January 2004
and January 2009 were consecutively enrolled into the study if
they were 18-yr-old or younger. They were studied just before
commencing an inpatient nutritional rehabilitation program at
our Division. As determined by an interview performed by a dietitian, none of the children was following a diet at the time of
study or was engaged in any kind of systematic physical activity. Obesity was diagnosed in the presence of a BMI≥95th percentile for gender and age using Italian reference data (8). Genetic or syndromic obesity and treatment with any drug were
reasons for exclusion from the study. The study protocol was
approved by the local Ethics Committee and parental consent
was obtained.
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Clinical examination

Table 1 - Measurements of the 1512 children.

Pubertal status was classified as pre-pubertal (stage 1), early pubertal (stages 2 and 3) or late pubertal (stages 4 and 5) according to Tanner (9). Weight and stature were measured following
standard procedures (10). BMI was calculated as weight (kg) /
stature (m)2. SD scores (SDS) of weight, stature and BMI were
calculated using Italian reference data (8).

Males
(no.=628)
P50 (P25 ; P75)
Age (yr)

15 (13 ; 16)

15 (13 ; 17)

102.8 (86.5 ; 118.9)

91.6 (81.0 ; 103.8)

Weight (SDS)

2.92 (2.42 ; 3.43)

3.07 (2.51 ; 3.66)

Stature (m)

1.68 (1.58 ; 1.75)

1.60 (1.55 ; 1.65)

Stature (SDS)

0.25 (–0.43 ; 1.01)

0.10 (–0.56 ; 0.82)

BMI (kg/m2)

36.2 (32.5 ; 40.4)

35.5 (32.1 ; 39.7)

BMI (SDS)

3.03 (2.57 ; 3.54)

2.92 (2.56 ; 3.31)

Body fat (kg)

50 (41 ; 62)

48 (40 ; 58)

Percent body fat (%)

50 (46 ; 55)

53 (49 ; 57)

GAUC

13950 (13020 ; 15338)

13605 (12473 ; 14940)

IAUC

Weight (kg)

Laboratory evaluation
Glucose tolerance was assessed by means of OGTT with administration of 1.75 g of glucose per kg of body weight (up to 75
g) (11, 12). Glucose and insulin were measured at 0, 30, 60, 90,
and 120 min during OGTT. Glucose was measured using standard laboratory methods and insulin using a chemiluminescent
immunoassay (Immulite 2000, Diagnostic Products Corporation,
Los Angeles, CA, USA). Diabetes mellitus (DM) was defined as
fasting glucose ≥126 mg/dl or 120-min OGTT glucose ≥200
mg/dl; impaired fasting glucose (IFG) as fasting glucose between
100 and 126 mg/dl; and impaired glucose tolerance (IGT) as
120-min OGTT glucose between 140 and 200 mg/dl (11, 12).
The area under the curve (AUC) of insulin (IAUC) and glucose
(GAUC) during OGTT was calculated using the trapezoid rule.
The insulin sensitivity index (ISI) was calculated as suggested by
Matsuda & De Fronzo (13) and the insulinogenic index (IGI) as
suggested by Phillips et al. (14).

Females
(no.=884)
P50 (P25 ; P75)

8156 (6039 ; 11732)

6868 (5051 ; 9773)

ISI

3.7 (2.7 ; 5.1)

4.4 (3.1 ; 5.9)

IGI*

1.4 (0.9 ; 2.1)

1.1 (0.8 ; 1.7)

*7 negative values were omitted. P50: 50th percentile; P25: 25th percentile; P 75: 75 th percentile; SDS: SD score; BMI: body mass index;
GAUC: area under the curve of glucose during oral glucose tolerance
testing; IAUC: area under the curve of insulin during oral glucose tolerance testing; ISI: insulin sensitivity index; IGI: insulinogenic index.
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Table 2 - Pubertal status of the 1512 children.

Body composition assessment

Males

Whole body impedance (Z) was measured using a multifrequency impedance-meter (Human IM Plus II, DS Medica, Milan,
Italy). Measurements were performed according to international guidelines (15). The impedance index (ZI) was calculated as
stature (cm)2 / Z at 50 kHz (Ω). Fat-free mass (FFM) (kg) was estimated from ZI by using a population-specific formula developed by our group in children strictly comparable to those studied here (7). Fat mass (FM) (kg) was obtained by subtracting FFM
from body weight (BW) and PBF by dividing FM per BW.
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Pubertal stage (Tanner)

No.

1

64

2
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4

30

Females

%

No.

%

7.2

80

12.7

99

15.8

62

3.4
7.0

142

22.6

193

21.8

126

20.1
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5

535

60.5

181

28.8

Total

884

100.0

628

100.0

Statistical analysis

Table 3 - Glucose status of the 1512 children as detected by
fasting glucose and oral glucose tolerance testing.

Most continuous variables were not normally distributed and all
are reported as 25th, 50th (median), and 75th percentiles. Categorical variables are reported as the percentage or number of
subjects with the characteristic of interest. Multivariable median
regression was used to evaluate the association between 4 outcomes (IAUC, GAUC, ISI, and IGI) and PBF (16). Sex (dichotomous, 0 = female, 1 = male), age (continuous, yr) or pubertal
status (discrete, 5 Tanner stages), and PBF (continuous, 10%
change) were used as covariates. GAUC (continuous) and IAUC
(continuous) were used as covariates in the models whose outcomes were IAUC and GAUC, respectively. Multivariable fractional polynomials were used to take into account non-linear associations of the continuous predictors with the outcomes (17).
Statistical significance was set to a p-value <0.05 and all tests
were two-tailed. Statistical analysis was performed using Stata
12.0 (Stata Corp, College Station, TX, USA).

No.

%

Fasting glucose
Normal glucose status
Impaired fasting glucose
Diabetes mellitus
Total

1508
4
0
1512

99.7
0.3
0.0
100.0

Oral glucose tolerance testing
Normal glucose status
Impaired glucose tolerance
Diabetes mellitus
Total

1299
206
7
1512

85.9
13.6
0.5
100.0

The frequency of altered glucose status is reported in
Table 3. The difference between fasting glucose and
OGTT in detecting altered glucose status is striking as
there were 206 cases of IGT vs 4 cases of IFG and 7 cases vs 0 cases of diabetes. However, among the 4 children with IFG, 3 had also IGT.
Table 4 reports the median regression models used to
evaluate the association between the 4 outcomes of in-

RESULTS
Six-hundred and twenty-eight male and 884 female children and adolescents aged 6 to 18 yr were consecutively enrolled into the study. Their measurements are given in Table 1 and their pubertal status is reported in
Table 2.
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Table 4 - Association between the outcomes of interest and percent body fat (median regression analysis).
Model 1A
GAUC

Model 1B
GAUC

2931.28c
[2345.91;3516.65]

2972.38c
[2399.64;3545.12]

Male gender

247.89
[–17.77;513.56]

220.79
[–56.33;497.92]

Age_term1

36.26
[–18.59;91.11]

IAUC

PBF/10

Model 2A
IAUC

Model 2B
IAUC

Model 3A
ISI

Model 3B
ISI

Model 4A
IGI

Model 4B
IGI

1120.46c
[560.72;1680.21]

1144.95c
[655.83;1634.06]

–0.71c
[–0.90;–0.52]

–0.75c
[–1.02;–0.49]

0.24c
[0.14;0.34]

0.21c
[0.11;0.31]

16.13
[–100.79;133.06]

–0.02
[–0.04;0.01]

57.14c
[39.64;74.64]
–0.50c
[–0.65;–0.35]

–0.53c
[–0.72;–0.33]

0.15c
[0.07;0.24]

0.15c
[0.07;0.22]

–102.19
[–310.54;106.16]

–97.73
[–299.38;103.92]

435.43
[–8.03;878.89]

428.16a
[69.15;787.16]

Tanner stage 2d

—

–30.78
[–612.19;550.62]

—

927.92
[–107.52;1963.35]

–0.03
[–0.59;0.53]

0.13
[–0.08;0.33]

Tanner stage 3d

—

372.05
[–150.69;894.79]

—

470.90
[–461.62;1403.42]

–0.62a
[–1.13;–0.12]

0.11
[–0.08;0.29]

Tanner stage 4d

—

236.99
[–243.52;717.50]

—

209.32
[–647.86;1066.50]

–0.32
[–0.79;0.15]

–0.06
[–0.23;0.11]

Tanner stage 5d

—

120.83
[–324.16;565.82]

—

606.26
[–186.65;1399.16]

–0.27
[–0.70;0.16]

–0.01
[–0.17;0.15]

GAUC

—

—

0.72c
[0.58;0.86]

0.72c
[0.61;0.84]

Age_term2e

—

—

Intercept

24.76c
[17.05;32.47]

13668.00c
7151.10c
13800.85c
[13631.06;13970.64] [13240.34;14095.65] [6796.19;7506.01]

N

1512

1512

6646.72c
[5889.64;7403.79]

4.26c
[4.13;4.39]

4.73c
[4.32;5.15]

1.13c
[1.07;1.20]

1.13c
[0.98;1.29]

1512

1512

1512

1505f

1505f

1512
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ap<0.05, bp<0.01, cp<0.001; dvs

Tanner stage 1; eDegree 2 fractional polynomial (–0.5;0). f7 subjects with negative values were omitted. Values are regression coefficients and 95% confidence intervals (in brackets). GAUC: area under the curve of glucose during oral glucose tolerance testing; IAUC: area under
the curve of insulin during oral glucose tolerance testing; ISI: insulin sensitivity index; IGI: insulinogenic index; PBF: percent body fat.

that insulin may be an independent predictor of cardiovascular mortality (1, 19). IR is determined primarily by
the response of the skeletal muscle to insulin and body
adiposity is responsible for 25% of this effect in adults (1,
2). Much less data are available in children (1, 3), partly
because of the invasiveness of the reference methods
used to assess IR and body composition.
In the present study, we evaluated the relationship between body adiposity estimated by BIA and OGTT in a
sample of 1512 obese children followed at a Pediatric
Obesity Clinic. We found that PBF was inversely associated with ISI and directly associated with IGI after correction for age or puberty and gender. On the other
hand, there was no association between GAUC and PBF
and an association between IAUC and PBF was apparent only when puberty was modeled instead of age. Even
if age and pubertal status were highly correlated (Spearman’s ρ=0.79, bootstrapped 95%CI =0.77 to 0.81), this
confirms that there is some advantage in modeling puberty instead of age as IR is concerned (1).
In agreement with other studies, we found a greater number of subjects with altered glucose status detected by
OGTT as compared to fasting glucose (20). Adult studies
have shown that IGT is a risk factor not only for DM but
also for cardiovascular disease (21). Although the prognostic significance of IGT in children is much less clear
than in adults (1), we believe that the information provided by OGTT in our children is clinically important, especially in view of the fact that they were all obese and
thus at higher risk of perturbations of glucose homeostasis.
The limitations of this study should be kept in mind. First,

terest (GAUC, IAUC, ISI, and IGI) and gender, age or pubertal status, PBF, and IAUC or GAUC depending on the
model.
GAUC was not associated with PBF in any model and
IAUC was associated with PBF only in the puberty model (Models 1A, 1B, 2A, and 2B). However, the effect sizes
were very similar for the age and puberty models (435 vs
428 units of IAUC) and the difference was explained by
narrower confidence intervals (CI) associated with the puberty model. ISI was negatively associated with PBF and
IGI was positively associated with PBF in all models. In
detail, a 10% increase of PBF was associated with a decrease of –0.50 (95%CI: –0.65 to –0.35, Model 3A) units
of ISI and with an increase of 0.15 (95%CI 0.07 to 0.24,
Model 4A) units of IGI. Other variables being equal,
males had higher values of IAUC, lower values of ISI and
higher values of IGI. Neither age nor pubertal status were
associated with GAUC, IAUC or IGI. However, age was
associated with PBF in a non-linear way (Model 3B). As
expected (1), children in Tanner stage 3 had higher IR as
detected by lower values of ISI [when BMI was replaced
for PBF (data not shown), a 5 kg increase of BMI was associated to a decrease of ISI of the same entity of that
associated to an increase of 10% of PBF but to an increase of IGI that was 50% lower].
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DISCUSSION
Besides being an harbinger of DM, IR is associated with
a clustering of cardiometabolic risk factors in both children and adults (1). Even if there is a need for more longterm population studies (18), there is increasing evidence
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we used a surrogate measure of IR (OGTT) which, albeit
commonly accepted, has to undergo further validation
studies (1, 22). A possibly more critical issue is the relatively low reproducibility of OGTT (1, 20). Second, we
used an indirect method (BIA) to assess body composition. However, we were careful to employ a populationspecific formula internally developed by our group and
did inference only at the population level (6, 7). Third, all
our children were Europids and of Italian ancestry and
because of that we could not consider the effect of the
ethnic group, which is recognized as an important predictor of IR (1). Fourth, longitudinal studies of body fat
changes are expected to shed more light on the relationship between body composition and IR as compared
to the cross-sectional design employed here.
In light of the available knowledge, the inverse association of PBF with ISI and the direct association of PBF with
IGI that we found in our obese children can be interpreted to mean that the magnitude of the insulin response to OGTT minimizes the effect of increasing adiposity on glucose response (23). Beta-cell function as detected by IGI was in fact preserved and able to compensate with an increase of insulin to maintain glucose concentrations within normal ranges.

8.

9.

10.

11.
12.

13.

14.

15.

Comparison of dual-energy X-ray absorptiometry, air displacement
plethysmography and bioelectrical impedance analysis for the assessment of body composition in severely obese Caucasian children and adolescents. Br J Nutr 2008, 100: 918-24.
Cacciari E, Milani S, Balsamo A, et al. Italian cross-sectional growth
charts for height, weight and BMI (2 to 20 yr). J Endocrinol Invest
2006, 29: 581-93.
Tanner JM, Whitehouse RH. Clinical longitudinal standards for
height, weight, height velocity, weight velocity, and stages of puberty. Arch Dis Child 1976, 51: 170-9.
Lohman TG, Roche AF, Martorell R. Anthropometric standardization reference manual. Champaign, IL: Human Kinetics Books.
1988.
Definition and diagnosis of diabetes mellitus and intermediate hyperglycemia. Geneva: World Health Organization. 2006.
Bedogni G, Gastaldelli A, Manco M, et al. Relationship between
fatty liver and glucose metabolism: A cross-sectional study in 571
obese children. Nutr Metab Cardiovasc Dis 2012, 22: 120-6.
Matsuda M, DeFronzo RA. Insulin sensitivity indices obtained from
oral glucose tolerance testing: comparison with the euglycemic insulin clamp. Diabetes Care 1999, 22: 1462-70.
Phillips DI, Clark PM, Hales CN, Osmond C. Understanding oral
glucose tolerance: comparison of glucose or insulin measurements
during the oral glucose tolerance test with specific measurements
of insulin resistance and insulin secretion. Diabet Med 1994, 11:
286-92.
Deurenberg P. International consensus conference on impedance
in body composition. Age Nutr 1994, 5: 142-5.
Koenker R. Quantile regression. Cambridge; New York: Cambridge
University Press, 2005.
Royston P, Sauerbrei W. Multivariable model-building: a pragmatic approach to regression analysis based on fractional polynomials for modelling continuous variables. Chichester, UK: John Wiley,
2008.
Ferrannini E, Iozzo P. Is insulin resistance atherogenic? A review of
the evidence. Atheroscler Suppl 2006, 7: 5-10.
Robins SJ, Lyass A, Zachariah JP, Massaro JM, Vasan RS. Insulin
resistance and the relationship of a dyslipidemia to coronary heart
disease: the Framingham Heart Study. Arterioscler Thromb Vasc
Biol 2011, 31: 1208-14.
Bartoli E, Fra GP, Carnevale Schianca GP. The oral glucose tolerance test (OGTT) revisited. Eur J Intern Med 2011, 22: 8-12.
DeFronzo RA, Abdul-Ghani M. Assessment and treatment of cardiovascular risk in prediabetes: impaired glucose tolerance and impaired fasting glucose. Am J Cardiol 2011, 108 (3 Suppl): 3B-24B.
Yeckel CW, Weiss R, Dziura J, et al. Validation of insulin sensitivity indices from oral glucose tolerance test parameters in obese
children and adolescents. J Clin Endocrinol Metab 2004, 89: 1096101.
Reaven GM. The metabolic syndrome: time to get off the merrygo-round? J Intern Med 2011, 269: 127-36.

s
i
t
ur

K
e
c
i
r
LY
t
N
i
O
d
E
E
S
U
,
L
2
A
1
N
O
S
© 20
PER
16.

REFERENCES
1.

2.

3.

4.

5.

6.
7.

17.

Levy-Marchal C, Arslanian S, Cutfield W, et al; ESPE-LWPES-ISPAD-APPES-APEG-SLEP-JSPE; Insulin Resistance in Children
Consensus Conference Group. Insulin resistance in children: consensus, perspective, and future directions. J Clin Endocrinol Metab
2010, 95: 5189-98.
Reaven GM. Banting lecture 1988. Role of insulin resistance in human disease. Diabetes 1988, 37: 1595-607.
Arslanian S, Suprasongsin CH. Insulin sensitivity, lipids, and body
composition in childhood: is “syndrome X” present? J Clin
Endocrinol Metab 1996, 81: 1058-62.
Whitlock EP, Williams SB, Gold R, Smith PR, Shipman SA. Screening
and interventions for childhood overweight: a summary of evidence
for the US Preventive Services Task Force. Pediatrics 2005, 116:
e125-44.
Helba M, Binkovitz LA. Pediatric body composition analysis with
dual-energy X-ray absorptiometry. Pediatr Radiol 2009, 39: 64756.
Guo SS, Chumlea WC, Cockram DB. Use of statistical methods to
estimate body composition. Am J Clin Nutr 1996, 64: 428S-35S.
Lazzer S, Bedogni G, Agosti F, De Col A, Mornati D, Sartorio A.

18.

19.

20.

21.

FOR

22.

23.

896

