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Abstract

The prevalence of obesity among children and adolescents is
progressively increasing around the world. One of the impor-
tant consequences of obesity is the development of insulin
resistance (IR). This condition has a multifactorial pathogen-
esis and is associated with cardiovascular risk, diabetes, hy-
pertension, polycystic-ovary syndrome and a shorter life-
span. IR during childhood may be diagnosed by physical
examination or there may be clues in the histories of the
patient and his/her family. When IR is suspected, tests on a
blood sample (which are more reliable) are recommended.
Most of the biochemical markers have been well defined in
adults, but appropriate reference data for children are still
lacking. Here we discuss the usefulness of various currently
known biochemical markers to evaluate insulin sensitivity
(homeostatic model assessment, the quantitative insulin sen-
sitivity check index, the oral glucose tolerance test, Matsuda
method and the whole-body insulin resistance index), hor-
mones (leptin, adiponectin, resistin, glucocorticoids, the in-
sulin-like growth factor-1-binding protein/growth hormone
axis, ghrelin, sexhormone-binding globulin and retinol-bind-
ing protein-4) and inflammatory markers (C-reactive protein,
IL-6, intercellular adhesion molecule-1, vascular adhesion
molecule-1 and E-selectin), which can be used in the diagno-

sis of IR in children. Copyright © 2009 S. Karger AG, Basel

Introduction

Obesity among children and adolescents is a problem
worldwide that has become an epidemic in the last cen-
turies. In the USA between 1988 and 1994 (the years of
the National Health and Nutrition Examination Survey,
NHANES, III), 10.5% of 12- to 19-year-olds were classed
as being overweight (BMI greater than the 95th percentile
for age and sex). By 2002 this had increased to 15.5%. In
the same period, the figure for 6- to 1l-year-olds in-
creased from 11.3 to 15.3%, and that for 2- to 5-year-olds
rose from 7.2 to 10.4% [1]. In the NHANES survey per-
formed in 2003-2004, the proportion of adolescents who
were overweight (defined as at or above the 95th percen-
tile of the sex-specific BMI for age growth charts) reached
17.1%. In adults, the prevalence of obesity (BMI =30) was
32.2%, and the prevalence of extreme obesity (BMI =40)
was 6.9% in women and 2.8% in men [2]. Today, in the
USA the populations with the highest frequency of chil-
dren and adolescents who are overweight or obese are the
Mexican-American and non-Hispanic black [3].

In Canada, the proportion of obese and overweight
children and adolescents is lower than that in the USA,
but it is increasing. This is also the case for the popula-
tions of Latin America, which share with their northern
neighbors a sedentary lifestyle and unhealthy dietary
habits. It is important, however, to point out that the def-
inition of obesity used in the Canadian study was differ-
ent from that used in the NHANES study. The Canadian
group used the definition from the Childhood Obesity
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Table 1. International Diabetes Federation (IDF) definition of at-risk groups (top) and of metabolic syndrome (bottom) in children

and adolescents [9]

Age 6 to <10 years

Age 10 to <16 years

Age =16 years

Obesity >90th percentile, as assessed by waist
circumference

Obesity 290th percentile (or adult cutoff if lower),
as assessed by waist circumference

Use existing IDF
criteria for adults

Metabolic syndrome cannot be diagnosed, but further
measurements should be made if the patient has a
family history of metabolic syndrome, T2DM, dyslipid-
emia, cardiovascular disease, hypertension or obesity

Triglycerides >1.7 mmol/l; HDL cholesterol

<1.03 mmol/l; blood pressure >130 mm Hg systolic or
>85 mm Hg diastolic; glucose 5.6 mmol/l (oral glucose
tolerance test recommended) or known T2DM

Working Group of the International Obesity Task Force.
Youths with BMI values that corresponded to an adult
BMI of <24.9 were classified as normal and those with
values that corresponded to an adult BMI of 25.0-29.9
were classified as overweight (preobese) [4]. In 2005,
Chilean statistics showed that 38% of children at 6 years
of age were overweight, 17.3% were obese and 1.3% were
morbidly obese [5]. In addition, a high percentage of
obese children become obese adults. Sun et al. [6] con-
ducted a study that followed a group from childhood to
adulthood, with the aim of evaluating their risks of being
obese adults and developing metabolic syndrome. They
found that boys who had a BMI that exceeded the 75th
percentile from 12 to 17 years of age and girls who ex-
ceeded the 60th percentile from 13 to 17 years of age at
more than one examination in childhood had signifi-
cantly higher ORs (1.6-29 for boys, 1.5-10.5 for girls) of
developing a BMI =30 as adults, compared with boys
and girls of similar age whose BMI exceeded the criterion
values at only a single examination in childhood.
Insulin resistance (IR) is an important condition that
is associated with being overweight and obese. In 1988,
Reaven [7] described the association of central obesity,
hypertrygliceridemia, hypertension, low levels of HDL
cholesterol and hyperglycemia, which was called syn-
drome X. The presence of this cluster in adults denotes
a higher risk of developing type 2 diabetes mellitus
(T2DM), atherosclerosis, coronary heart disease, stroke
and of having a shorter lifespan. This association in chil-
dren is less clear, but we know that the persistence of obe-
sity from childhood into adulthood may also favor an
early onset of diabetes, as suggested by the recent trend
of the early onset of type 2 diabetes in individuals who
have suffered from obesity since childhood [8]. Impor-
tantly, recent criteria to define metabolic syndrome,
where IR is a key element, do not include the direct mea-
surement of insulin as an element to consider in children
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(table 1) [9]. This fact is probably due to the lack of nor-
mative data for the distribution of insulin and many of
the IR markers in childhood. As will be discussed in de-
tail, no specific cut-off values are available to make a di-
agnosis of IR. Therefore, in this age group it is suggested
that several indirect markers of IR should be used.

IR is defined as a condition in which plasma insulin at
normal concentrations has an impaired ability to ade-
quately promote peripheral glucose disposal, hepatic glu-
cose suppression and inhibition of very low density lipo-
protein output [10].

IR frequently has a multifactorial pathogenesis: a ge-
netic predisposition that interacts with the environment.
Obese and overweight patients represent heterogeneous
subgroups with different metabolic and phenotypic ex-
pressions of IR. Subjects with the same BMI may show
very different degrees of IR and metabolic consequences
of their obesity. Conversely, in patients with a genetic pre-
disposition to obesity, ingesting a diet with high levels of
fats and carbohydrates enhances their ability to store ex-
cess calories in tissues as fat and to promote gluconeogen-
esis using proteins as substrates (thrifty phenotype) [9].
In children and adolescents, obesity usually precedes the
development of hyperinsulinism, which serves to com-
pensate for the IR and, thus, prevents the appearance of
glucose intolerance or T2DM. Hyperinsulinism stimu-
lates triglyceride accumulation in hepatic and muscle tis-
sues, and consequently decreases glucose transporter-4
translocation and favors 3 cell apoptosis. These two paths
lead to a loss of the capacity to correctly elevate insulin
after meals, and such patients have an excessive and de-
layed rise in insulin secretion [11, 12].

The prevalence of glucose intolerance and T2DM is
increasing in children and adolescents. In 2003, Sinha et
al. [12] reported that the prevalence of impaired glucose
tolerance was 25% in children of 4-10 years of age who
had marked obesity (BMI 32 £ 1). Similarly, the preva-
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Table 2. Genetic mechanisms of insulin resistance in children and adolescents [10]

Insulin receptor
pathway defects

Fat cell or lipid homeostasis
pathway defects

Hypothalamic level defects
(Leptin-POMC-MCR4 pathway)

Others

Type A syndrome
mutation in the
insulin receptor

Congenital generalized lipodystrophy
(mutations in 11q13, BSCL2, AGPAT2
gene on 9q34)

POMC, MC4R and MC3R
mutations

Proteases - CALP10; impaired processing
of prohormones; prohormone convertase
deficiency (PC1); estrogen receptor
mutations

Leprechaunism

Dunnigan’s syndrome (lamin Mutation)

Leptin mutations

Rabson-Mendenhall
syndrome

Kobberling’s syndrome
(mutation in the PPARYy gene)

Leptin receptor gene mutation;
ghrelin polymorphisms; neuropeptide
Y5 receptor polymorphisms;

cocaine- and amphetamine-regulated
transcript polymorphisms; cholecys-
tokinin A receptor polymorphisms

Polymorphism in
plasma cell membrane
glycoprotein-1 (PC-1)

Allelic variation in PPARY influence body
fat mass by effects on adipocyte; poly-
morphisms of PPARYy gene can lead to

Single-gene defects leading to
disruption of hypothalamic
pathways of energy regulation

Prader-Willi syndrome (15q11.2-q12,
uniparental maternal disomy); Alstrom
syndrome (ALMS] gene mutants in the

higher triglyceride and insulin levels;
polymorphism of the lipoprotein lipase
gene was both linked and associated

with insulin resistance; polymorphism of
UCP1, UCP2, UCP3 genes; polymorphism
of B,- and B;-adrenergic receptors

hypothalamus might lead to hyperphagia
followed by obesity and IR); Bardet-Biedl
syndrome; Cohen syndrome; Beckwith-
Wiedemann syndrome; Biemond
syndrome II; choroideremia with deafness

MC3R = Melanocortin 3 receptor; MC4R = melanocortin 4 receptor; POMC = pro-opiomelanocortin.

lence of impaired glucose tolerance was 21% in a group of
112 obese adolescents (11-18 years of age, BMI 41 * 1)
who had been referred to the Yale Pediatric Obesity Clin-
ic. In this latter group, 4% exhibited silent type 2 diabetes
[12]. In Chile, in a group of 71 obese (BMI z score 4.7 *
1.6) and overweight subjects (8-17 years of age, BMI z
score 1.7 £ 0.5) 11.5% showed glucose intolerance and 9
were diagnosed with T2DM [13]. The authors of another
Chilean study [14], observed a 3.7% prevalence of im-
paired fasting glucose in a group of 489 children (BMI z
score 2.6-4.0) who had been referred to an obesity clinic.
According to these data, using the same criteria to define
normal glucose metabolism, the prevalence of altered
carbohydrate metabolism appears to vary depending on
ethnic background and degree of obesity.

Hyperinsulinemia serves to compensate for IR and
maintain glucose homeostasis. However, patients with
hyperinsulinemia without carbohydrate abnormalities
are still prone to other health problems, such as early ath-
erosclerosis, hypertension, acanthosis nigricans, hyper-
coagulation, polycystic-ovary syndrome, dyslipidemia,
fatty liver infiltration and some types of cancer [10, 11, 15,
16].

There are some patients who have rare genetic condi-
tions associated with IR, which are important to recog-

Insulin Resistance Markers in Children

nize. The first column of table 2 includes several condi-
tions which may be secondary to defects in the insulin
receptor, in the second column are other diseases related
to fat cell defects and in the third are described conditions
secondary to defects in hypothalamic pathways of energy
control [10].

IR can be suggested by a patient’s history, a physical
examination and the presence of biochemical markers.
The gold standard to establish the diagnosis is the hyper-
insulinemic-euglycemic clamp, which requires insulin
infusion and serial blood sampling. It is an invasive and
costly determination, and so it is only justified in a re-
search setting [10].

Markers of IR

Family and Personal History Associated with IR

A family history of obesity, T2DM or glucose intoler-
ance, dyslipidemia and early atherosclerotic disease (on-
set at younger than 50 years of age) are risk factors for IR
in children [17, 18]. Whitaker et al. [19] investigated the
link between adult weight and childhood and parental
obesity. They found that the chance of being obese in
young adulthood ranged from 8% for children who were
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Table 3. Familial, clinical and physical features as risks factors for IR in children and adolescents

Family history Patient’s history

Physical examination

Glucose intolerance or T2DM

Birth weight (small or large for gestational age)

Acanthosis nigricans

Overweight or obesity Precocious pubarche Striae
Hypertension Evolution of obesity Centripetal obesity
Metabolic syndrome Dietary habits Adipomastia
Hyperuricemia or gout Physical activity Hypertension
Coronary heart disease Medication/drugs which affect appetite, glucose or lipid metabolism Acne

Stroke Hirsutism

Chronic pancreatitis

Gestational diabetes

Polycystic-ovary syndrome or hirsutism
Nonalcoholic fatty liver disease

Tall stature
Precocious puberty
Genu valgum

Table 4. Medications associated with IR

Hormones HIV therapy Antipsychotic drugs Immune suppressants Others

Glucocorticoids HIV nucleoside reverse-transcriptase inhibitors Clozapine Tacrolimus Tiazides

Growth hormone HIV protease inhibitors Olanzapine Cyclosporine A Valproate
Risperidone Sirolimus Glucosamine

obese at 1 or 2 years of age but whose parents were both
not obese, to 79% for those obese between 10 and 14 years
of age and who had at least one obese parent [19]. Mater-
nal waist circumference, obesity and gestational diabetes
have also been associated with the development of meta-
bolic syndrome in children [20, 21] (table 3).

Birth weight is another important risk factor. Reduced
fetal growth has been shown to be associated with an in-
creased risk of IR, obesity, cardiovascular disease and
T2DM, especially when accompanied by weight gain
during early life [22-24]. The decrease in adiponectin
plasma levels in small for gestational age infants between
1 and 2 years of age is inversely related to weight gain [25].
In young adults, decreased insulin sensitivity has recent-
ly been reported to be determined mainly by adult body
fat mass [26], with no influence of birth length or weight,
which highlights the contribution of postnatal trends in
the development of IR.

Conversely, being born large for gestational age has
been also associated with an increased risk of IR. In Pima
Indian children, glucose concentrations after 2 h of an
oral glucose tolerance test showed a U-shaped relation-
ship with birth weight in subjects older than 10 years of
age, and this relation was independent of current body
size [27]. Similar results have been found in adolescents
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from the USA, among whom fat mass and BMI were
greatest in those who had a low or a high birth weight.
The lean mass index was not different among these birth
weight quartiles. Low birth weight was associated with
higher insulin levels in adolescence, and the effect was
independent of current adolescent weight [28].

Nevertheless, other studies have shown that at any giv-
en weight for children between 2 and 47 months of age,
the proportion of body fat appears to be relatively high
for children who were small for gestational age at birth
and low in those who were large for gestational age at
birth, with a greater lean mass in the group born large
[29]. Probably the mechanisms underlying IR are differ-
ent in those born large compared to those born small for
gestational age.

The use of medications that impact on appetite, glu-
cose and insulin or lipid metabolism may affect insulin
sensitivity (table 4) [30].

Specific Diseases Related to IR

Patients with lipodystrophy, whether acquired or con-
genital, present with IR. Highly active antiretroviral
treatments for HIV infection are currently the most
frequent cause of acquired secondary lipodystrophic syn-
dromes. The group of genetically determined lipodystro-
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phies includes: congenital generalized lipodystrophy
(Berardinelli-Seip Syndrome), acquired generalized lipo-
dystrophy (Lawrence Syndrome) or acquired partial lipo-
dystrophy (Barraquer-Simons syndrome). The Berardi-
nelli-Seip syndrome is in most cases associated with re-
cessive mutations in two genes: either BSCL2, which
encodes seipin, or BSCL1, which encodes AGPAT2, an
acyl-transferase involved in triglyceride synthesis. The
etiology of other types of lipodystrophies is unknown.
Recent studies demonstrate that leptin replacement is
able to reverse metabolic complications in the majority of
children with congenital generalized lipodystrophy [31].

Other conditions associated with IR which may not be
evident at first glance, but which should be suspected, are
conditions associated with an excess of counterregula-
tory hormones (growth hormone, parathyroid hormone,
glucocorticoids, catecholamines, placental lactogen,
pregnancy) and other conditions, such as ketoacidosis,
starvation, aging, cirrhosis, infections and uremia [10].

Nonalcoholic fatty liver disease is a severe complica-
tion of obesity described in adults and it is also of emerg-
ing importance in children and adolescents. This condi-
tion begins with an excessive accumulation of fat in the
liver. Levels of aminotransferases are well recognized as
IR markers, particularly alanine aminotransferase (ALT)
which may predict the later development of type 2 diabe-
tes [32, 33]. Burgert et al. [33] evaluated 392 obese adoles-
cents and found a 14% prevalence of elevated ALT, espe-
cially in males and Hispanics. This feature was associated
with lower insulin sensitivity and glucose tolerance and
higher levels of triglycerides and fatty acids. Elevation of
ALT may be associated with higher levels of y-glutamyl-
transferase and alkaline phosphatase. Usually the ratio of
aspartate aminotransferse-to-ALT is <1 and increases as
liver fibrosis advances [10]. Belfort et al. [34] reported a
study of adults (with glucose intolerance or T2DM) who
were treated with diet plus pioglitazone or diet plus pla-
cebo. Patients with pioglitazone plus diet showed im-
proved glycemic control and glucose tolerance, normal-
ized liver aminotransferase levels, decreased hepatic fat
content (by 54 vs. 0%) and increased hepatic insulin sen-
sitivity. Administration of pioglitazone was associated
with an improvement in histological findings with regard
to steatosis, ballooning necrosis, and inflammation. The
pioglitazone-treated subjects exhibited a greater reduc-
tion in necroinflammation, but the reduction in fibrosis
did not differ significantly from that in the placebo group
[34]. There is no report of specific treatment of nonalco-
holic fatty liver disease during childhood aside from diet-
ing and exercise.

Insulin Resistance Markers in Children

Physical Markers

During physical examination the degree of overweight
or obesity should be assessed and BMI calculated, plot-
ting the data on charts appropriate for age, gender and
race.

In addition signs of IR evident upon physical exami-
nation are: acanthosis nigricans, centripetal obesity, hy-
pertension, adipomastia in males, striae, acne and hirsut-
ism (table 3). Puberty is also a physiological state of IR
[35]. This phenomenon is present in white and black chil-
dren, who show transient IR and diminished acute insu-
lin response to glucose during puberty [36]. Therefore, it
is important to take into consideration the pubertal stage
for the interpretation of biochemical measures with ad-
equate control data in the same stage.

Another important measurement during physical ex-
amination is waist circumference. Higher levels of ab-
dominal fat deposits are associated with lower insulin
sensitivity. In 1956, Vague [37] described the first obser-
vations of this fact. The appearance of abdominal obesity
was labeled as central or visceral obesity (apple-shaped
fat distribution) and if the subjects had predominance of
adiposity on the thighs and buttocks, they were labeled as
having a peripheral or gluteofemoral (pear-shaped) fat
distribution. It is an easy task, but needs to be standard-
ized [38]. Importantly, different reference values accord-
ing to each population are available [39-41]. Lee et al. [42]
demonstrated that both BMI percentile and waist cir-
cumference were significantly associated with insulin
sensitivity. Waist circumference also remained signifi-
cantly correlated with total and abdominal fat and insu-
lin sensitivity after controlling for BMI percentile. Some
studies indicate that waist circumference and BMI to-
gether are better predictors of metabolic risk than is ei-
ther measure alone [43, 44]. Black and white obese ado-
lescents show an association between visceral adiposity
and lower insulin sensitivity measured by hyperinsulin-
emic-euglycemic clamp, but this was compensated for by
higher insulin secretion only in whites [45]. A Chilean
study in 47 obese female adolescents showed that no ex-
ternal body measurement of adiposity (skinfold thick-
ness, waist circumference, waist-to-hip ratio) was associ-
ated with increased serum cholesterol or triglycerides,
but they were associated with visceral fat and with a se-
rum insulin >17 pwU/ml in teenagers with breast develop-
ment at Tanner stage I or II [46].
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Biochemical Definition and Methods of
Measurement of IR

In children and adolescents it is difficult to have only
one biochemical definition for IR, as in adults, because
there does not exist a numerical definition for IR that is
accepted worldwide. We can define a spectrum of insulin
sensitivity and, thus, we can suspect IR. We do not know
yet which thresholds to use for risk prediction in youths.
As mentioned above, the gold standard to determine in-
sulin sensitivity is the hyperinsulinemic-euglycemic
clamp [47]. Nevertheless, since it is not applicable for rou-
tine evaluation, several methods have been developed in
order to avoid it. Minimal model analysis of a frequently
sampled intravenous glucose tolerance test (FSIVGTT) is
today an alternative to the clamp technique. Although it
has excellent correlation, it is also invasive and justified
only in research settings [48]. The disposition index char-
acterizes the relationship of insulin secretion to the de-
gree of IR, calculated by acute insulin response X insulin
sensitivity obtained after the FSIVGTT. Importantly, nor-
mal values for Caucasian, African-American and Hispan-
ic children at Tanner stages I-III are available [49]. Gun-
gor et al. [50] evaluated 156 African-American and white
children (8-19 years old) and demonstrated that insulin
sensitivity measured by hyperinsulinemic-euglycemic
clamp correlated strongly with the fasting glucose-to-in-
sulin ratio, homeostatic model assessment (HOMA) and
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the quantitative insulin sensitivity check index (QUICKI).
They also found that the first and second phase insulin
secretion correlated with fasting insulin levels, the fasting
glucose-to-insulin ratio and HOMA. These results sug-
gest that fasting glucose and insulin levels may be useful
tools to evaluate insulin sensitivity and secretion in non-
diabetic children and adolescents [50, 51].

In adults using an oral glucose tolerance test, fasting
insulin levels of =15 wU/ml or an insulin peak of =150
pwU/ml and/or =75 pU/ml 120 min after glucose charge
suggest IR [52]. This approach is simple, albeit with lower
sensitivity, but it correlates with indexes of insulin sensi-
tivity obtained from glucose clamp studies and minimal
model analysis [53]. Currently there are several methods
used as proxies to measure IR from the oral glucose toler-
ance test, including HOMA, QUICKI and those of Ce-
derholm, Matsuda, Gutt, Stumvoll, Belfiore, Soonthorn-
pun and McAuley. All of these, with the exception of
HOMA, QUICKI and the Matsuda method, have been
well defined only in adults [10]. Recently, the model de-
scribed by Matsuda has been validated for children with
a high correlation with the hyperinsulinemic-euglycemic
clamp. This model uses parameters derived from the oral
glucose tolerance test to calculate the whole body insulin
sensitivity index (whole body insulin sensitivity index =
10,000/, [fasting glucose X fasting insulin] X [mean glu-
cose X mean insulin during oral glucose tolerance test])
(54].
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In addition, a very important point in the clinical set-
ting to interpret the insulin plasma levels is the method
employed to measure insulin [55]. There are several avail-
able techniques, which differ in sensitivity and cross-re-
activity with similar peptides. It is important to take into
account these data when interpreting the insulin levels
obtained in a given patient and when comparing cut off
values obtained with other assays. Other more stable pep-
tides have been suggested as good markers of IR.

Rutter et al. [56] published this year a study that in-
cluded a group of 2,720 adults from the Framingham Off-
spring Study in order to use alternative thresholds defin-
ing IR to predict the incidence of T2DM and cardiovas-
cular disease. They concluded that different percentile
thresholds might be selected to optimize sensitivity ver-
sus specificity for T2DM versus cardiovascular disease
prediction if surrogate IR measures are used for risk pre-
diction [56]. These conclusions are applicable only in
adults, because currently we have little evidence in youths
regarding the performance of markers of insulin resis-
tance in the prediction of major cardiovascular disease
endpoints later in life.

Hormones and Binding Proteins

Leptin is a hormone secreted by adipose tissue. It
crosses the blood-brain barrier and acts on pro-opiomel-
anocortin expression and o-melanocyte-stimulating
hormone release, which interacts with melanocortin 3
and 4 receptors to reduce food intake and increase energy
expenditure by activating the sympathetic nervous sys-
tem [10, 57]. In normal conditions of weight maintenance,
leptin concentration is positively correlated with total
body fat mass [57, 58]. Leptin levels show a greater cor-
relation with subcutaneous adiposity than with visceral
adiposity [59] (fig. 1).

Adiponectin is an adipocytokine that is inversely and
strongly correlated with IR, especially in obesity, lipodys-
trophy and inflammatory states [57]. It improves insulin
sensitivity, induces fatty acid oxidation, decreases lipid
synthesis and the uptake of free fatty acid. In liver adipo-
nectin suppresses gluconeogenesis, and in muscle it fa-
vors glucose and free fatty acid oxidation [57]. Adiponec-
tin levels decrease with increasing obesity in children and
adolescents, and are especially associated with metabolic
syndrome [60-62]. In the blood vessel wall, adiponectin
decreases the expression of inflammatory molecules, in-
hibits chemotaxis of macrophages and their conversion
to foam cells and it also suppresses the proliferation of
smooth-muscle cells and inflammatory events in athero-
genesis [57]. Recently, Winer et al. [63] demonstrated that

Insulin Resistance Markers in Children

low levels of adiponectin are associated not only with
higher levels of C-reactive protein (CRP), but also with
components of the metabolic syndrome, such aslow HDL
cholesterol and a high triglyceride-to-HDL ratio.

Resistin was associated with IR in obese mice, but it
shows only 64% homology with human resistin. Current-
ly it has not been associated with IR or obesity in humans.
Therefore, the determination of resistin is not recom-
mended [57, 64, 65].

Glucocorticoids are insulin antagonists and in viscer-
al fat there exist more glucocorticoid receptors than in
subcutaneous fat tissue [10, 57]. In obese subjects, growth
hormone levels are decreased, which leads to higher
11BHSDI1 activity, leading to elevated levels of local cor-
tisol converted from cortisone [66]. Omental adipose tis-
sue contains high levels of 11BHSDI, favoring this con-
version [58] and subjects with IR have increased levels of
free urinary cortisol secondary to diminished levels of
corticosteroid-binding globulin [10, 67]. Routine mea-
surement of cortisol is only recommended when Cushing
syndrome is suspected.

The Insulin-like growth factor (IGF-1)-binding pro-
tein/growth hormone axis may be affected by obesity and
IR. Children and adolescents with IR usually exhibit de-
creased levels of IGF-1-binding protein, although the to-
tal level of IGF-I is normal. Nevertheless, this imbalance
may increase tissue bioavailability of IGF-I and enhance
the hypoglycemic effect of insulin. These patients may
also show an acceleration of linear growth, skeletal matu-
ration and pseudoacromegaly when IR is severe [10].
During puberty there is a normal elevation of growth
hormone/IGF-1 and sex steroids that contribute to the
development of a physiological IR state. Increased aroma-
tization of androgens to estrogens secondary to obesity
may contribute to growth acceleration and bone matura-
tion, as well as the propensity to lipomastia and gyneco-
mastia in adolescent boys [68].

Ghrelin is a hormone secreted by the gastric fundus
which increases the sense of hunger and stimulates gas-
tric emptying [57]. It stimulates secretion of neuropep-
tide Y to antagonize a-melanocyte-stimulating hormone,
leading to an increase in feeding and stimulation of li-
polysis [10]. Galli-Tsinopoulou et al. [69] demonstrated
that in prepubertal, IR obese children, ghrelin is signifi-
cantly suppressed shortly after glucose intake in an oral
glucose tolerance test, and the fall in circulating ghrelin
was negatively correlated with IR. A similar observation
was reported in small-for-gestational age children who
do not perform weight catch up growth [70]. Thus, ghre-
lin may be used in a research setting as a marker of IR.

Horm Res 2009;71:65-74 71



Sex hormone-binding globulin levels are usually di-
minished in IR patients and correlate negatively with
BMI. This condition increases the levels of free testoster-
one, leading to hyperandrogenism, expressed as hirsut-
ism, acne and menstrual irregularities in women [10]. In
males, increased aromatization of androstenedione in
adipose tissue increases plasma estrone concentrations,
causing gynecomastia in adolescent boys, but there is no
information about a specific role of sex hormone-binding
globulin in male gynecomastia. Plasma sex hormone-
binding globulin levels are a good clinical marker of IR.

Retinol-binding protein-4 is a newly identified adipo-
kine that is secreted by liver and adipocytes. A recent
study in Chinese adults showed an important positive as-
sociation with metabolic syndrome [71]. Serum retinol-
binding protein 4 concentrations and its ratio to serum
retinol are correlated with obesity, central obesity and
components of metabolic syndrome in prepubertal and
early pubertal children [72]. The determination of this
factor is still limited only to research settings and thus it
cannot yet be suggested as a routine clinical parameter.
Since its levels are stable in plasma it may become useful
when normal ranges are established in children of differ-
ent ages.

Inflammatory Markers

Excess body weight may be associated with a state of
chronic low-grade inflammation in children [73]. CRP
levels become elevated with increasing obesity in chil-
dren and adolescents, and this may allow the identifica-
tion of a higher proportion of subjects with metabolic
syndrome [62, 74]. Ford et al. [75] showed that, in a large
representative sample of US children, CRP concentration
was significantly elevated among those with a BMI = the
85th percentile, thus confirming previous findings of this
association in children and adults. There are reports that
have used a CRP cutoff point (measured by nephelome-
try) of <3 mg/l as normal, and another study found a cut-
off value for CRP of 1.04 mg/l provided 58% sensitivity
and 92% specificity to identify children at risk for coro-
nary artery disease [74, 76]. However, no specific values
for different age groups have been defined.

IL-6 is associated with IR as it can interfere with insu-
lin signaling by inhibiting adipogenesis and the secretion
of adiponectin [57, 64]. Levels of IL-6 are increased in
black and white obese children and adolescents [61, 77].
IL-10 has been demonstrated to exert a protective effect
against the development of atherosclerotic lesions in ex-
perimental animals [78], and it has been related to obe-
sity, showing lower levels in adult women with obesity
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and metabolic syndrome [79]. TNF-a is another cytokine
that is related to IR. This cytokine induces lipolysis in
adipose tissue, inhibits insulin signaling, and affects the
expression of some genes that are important for adipo-
cyte function. TNF-a may also inhibit synthesis of adi-
ponectin and enhance the release of free fatty acids from
adipose tissue, which affects whole-body energy homeo-
stasis and overall insulin sensitivity [80]. Maffeis et al.
[73] demonstrated a positive correlation between IL-6,
TNF-a and adipocyte diameter studied by a needle bi-
opsy of subcutaneous abdominal fat in obese children.

Intercellular adhesion molecule-1, vascular adhesion
molecule-1 and E-selectin are biomarkers of endothelial
dysfunction. They are increased in response to inflam-
matory cytokines and play an important role in the for-
mation of the atherosclerotic plaque [81]. Obese children
and adolescents with IR may show increased levels of
these markers, but with differences according to the in-
dividual’s ethnicity. Caucasian children showed lower
levels of intercellular adhesion molecule-1 and E-selectin
with higher quartiles of insulin sensitivity, suggesting
that excess adiposity and IR may contribute to increased
circulating levels of adhesion molecules [77]. Thus, the
interpretation of these markers has to be specific for eth-
nicity and age.

Conclusion

In summary the presence of IR may be suggested by
history, physical examination and some biochemical
markers. No normative data exist for the distribution of
many of these biochemical markers in childhood, and no
specific cutoff values are available to make the diagnosis
of IR with accuracy. Thus, IR is a spectrum, and while we
can suspect IR we do not yet know which thresholds to use
in youths for future disease risk prediction. Appropriate
therapeutic options are beyond the scope of this review
but promotion of a healthy diet and activity program dur-
ing infancy and childhood are key factors to prevent the
development of IR, especially in children at risk.

References »1 Ogden CL, Flegal KM, Carroll MD, Johnson
CL: Prevalence and trends in overweight
among US children and adolescents, 1999-
2000. JAMA 2002;288:1728-1732.

P2 Ogden CL, Carroll MD, Curtin LR, McDow-
ell MA, Tabak CJ, Flegal KM: Prevalence of
overweight and obesity in the United States,
1999-2004. JAMA 2006;295:1549-1555.

Eyzaguirre/Mericq



>3

>4

»6

»7

>3

»9

»10

> 11

>12

»13

> 14

»15

» 16

Hedley AA, Ogden CL, Johnson CL, Carroll
MD, Curtin LR, Flegal KM: Prevalence of
overweight and obesity among US children,
adolescents, and adults, 1999-2002. JAMA
2004;291:2847-2850.

Janssen I, Katzmarzyk PT, Boyce WF, King
MA, Pickett W: Overweight and obesity in
Canadian adolescents and their associations
with dietary habits and physical activity pat-
terns. ] Adolesc Health 2004;35:360-367.
Vio F, Salinas J: Health promotion and qual-
ity of life in Chile: new policy challenges. Rev
Chil Nutr 2006;33(suppl 1):252-259.

Sun S, Liang R, Huang T, Daniels S, Arsla-
nian S, Liu K, Grave G, Siervogel R: Child-
hood obesity predicts adult metabolic syn-
drome: the Fels Longitudinal Study. ] Pediatr
2008;152:191-200.

Reaven GM: Banting lecture 1988: role of in-
sulin resistance in human disease. Diabetes
1988;37:1595-1607.

Forsén T, Eriksson ], Tuomilehto J, Reunanen
A, Osmond C, Barker D: The fetal and child-
hood growth of persons who develop type 2
diabetes. Ann Intern Med 2000;133:176-
182.

Zimmet P, Alberti G, Kaufman F, Tajima N,
Silink M, Arslanian S, Wong G, Bennett P,
Shaw ], Caprio S: International Diabetes Fed-
eration Task Force on Epidemiology and
Prevention of Diabetes: the metabolic syn-
drome in children and adolescents. Lancet
2007;369:2059-2061.

Ten S, Maclaren N: Insulin resistance syn-
drome in children. J Clin Endocrinol Metab
2004;89:2526-2539.

Koyama K, Chen G, Lee Y, Unger RH: Tissue
triglycerides, insulin resistance, and insulin
production: implications for hyperinsu-
linemia of obesity. Am ] Physiol 1997;273:
E708-E713.

SinhaR, Fisch G, Teague B, Tamborlane WV,
Banyas B, Allen K, Savoye M, Rieger V, Tak-
sali S, Barbetta G, Sherwin RS, Caprio S:
Prevalence of impaired glucose tolerance
amongchildrenandadolescentswithmarked
obesity. N Engl ] Med 2002;346:802-810.
Barja$, Arteaga A, Acosta AM, Hodgson MI:
Insulin resistance and other expressions of
metabolic syndrome in obese Chilean chil-
dren. Rev Med Chil 2003;131:259-268.
Burrows AR, Leiva BL, Weistaub G, Ceballos
SX, Gattas ZV, Lera ML, Albala BC: Preva-
lence of metabolic syndrome in a sample of
Chilean children consulting in an obesity
clinic. Rev Med Chil 2007;135:174-181.
Calle EE, Rodriguez C, Walker-Thurmond
K, Thun MJ: Overweight, obesity, and mor-
tality from cancer in a prospectively studied
cohort of US adults. N Engl ] Med 2003;348:
1625-1638.

Wajchenberg BL, Giannella-Neto D, Lerario
AC, Marcondes JA, Ohnuma LY: Role of obe-
sity and hyperinsulinemia in the insulin re-
sistance of obese subjects with the clinical
triad of polycystic ovaries, hirsutism and ac-
anthosis nigricans. Horm Res 1988;29:7-13.

Insulin Resistance Markers in Children

»17

»18

»19

»20

»21

»22

»23

»24

»25

»26

»27

»23

»29

Babaoglu K, Hatun S, Arslanoglu I, Isgiiven
P, Bag F, Ercan O, Darendeliler F, Bundak R,
Saka N, Giinoz H, Bereket A, Memioglu N,
Neyzi O: Evaluation of glucose intolerance in
adolescents relative to adults with type 2 dia-
betes mellitus. J Pediatr Endocrinol Metab
2006;19:1319-1326.

Akinci G, Coskun S, Akinci B, Hekimsoy Z,
Bayindir P, Onur E, Ozmen B: Atherosclero-
sis risk factors in children of parents with the
metabolic syndrome. Atherosclerosis 2007;
194:e165-el71.

Whitaker RC, Wright JA, Pepe MS, Seidel
KD, Dietz WH: Predicting obesity in young
adulthood from childhood and parental
obesity. N Engl ] Med 1997;337:869-873.
Hirschler V, Roque MI, Calcagno ML, Gon-
zalez C, Aranda C: Maternal waist circum-
ference and the prediction of children’s met-
abolic syndrome. Arch Pediatr Adolesc Med
2007;161:1205-1210.

Boney CM, Verma A, Tucker R, Vohr BR:
Metabolic syndrome in childhood: associa-
tion with birth weight, maternal obesity, and
gestational diabetes mellitus. Pediatrics
2005;115:e290-€296.

Saenger P, Czernichow P, Hughes I, Reiter
EO: Small for gestational age: short stature
and beyond. Endocr Rev 2007;28:219-251.
Ong KK, Ahmed ML, Emmett PM, Preece
MA, Dunger DB: Association between post-
natal catch-up growth and obesity in child-
hood: prospective cohort study. BMJ 2000;
320:967-971.

Mericq V, Ong KK, Bazaes R, Pefa V, Avila
A, Salazar T, Soto N, Iiiguez G, Dunger DB:
Longitudinal changes in insulin sensitivity
and secretion from birth to age three years in
small- and appropriate-for-gestational-age
children. Diabetologia 2005;48:2609-2614.
Iniguez G, Soto N, Avila A, Salazar T, Ong K,
Dunger D, Mericq V: Adiponectin levels in
the first two years of life in a prospective co-
hort: relations with weight gain, leptin levels
and insulin sensitivity. J Clin Endocrinol
Metab 2004;89:5500-5503.

Leunissen RW, Oosterbeek P, Hol LK,
Hellingman AA, Stijnen T, Hokken-Koelega
AC: Fat mass accumulation during child-
hood determines insulin sensitivity in early
adulthood. J Clin Endocrinol Metab 2008;
93:445-451.

Dabelea D, Pettitt D], Hanson RL, Impera-
tore G, Bennett PH, Knowler WC: Birth
weight, type 2 diabetes, and insulin resis-
tance in Pima Indian children and young
adults. Diabetes Care 1999;22:944-950.
Murtaugh MA, Jacobs DR Jr, Moran A,
Steinberger J, Sinaiko AR: Relation of birth
weight to fasting insulin, insulin resistance,
and body size in adolescence. Diabetes Care
2003;26:187-192.

Hediger ML, Overpeck MD, Kuczmarski R],
McGlynn A, Maurer KR, Davis WW: Mus-
cularity and fatness of infants and young
children born small- or large-for-gestation-
al-age. Pediatrics 1998;102:E60.

»30

»31

»32

»33

»34

» 35

»36

»37

»33

» 39

» 40

»41

Tschoner A, Engl J, Laimer M, Kaser S,
Rettenbacher M, Fleischhacker WW, Patsch
JR, Ebenbichler CF: Metabolic side effects of
antipsychotic medication. Int J Clin Pract
2007;61:1356-1370.

Capeau ], Magré], Lascols O, Caron M, Béré-
ziat V, Vigouroux C: Primary lipodystro-
phies. Ann Endocrinol (Paris) 2007;68:10-
20.

Vozarova B, Stefan N, Lindsay RS, Saremi A,
Pratley RE, Bogardus C, Tataranni PA: High
alanine aminotransferase is associated with
decreased hepatic insulin sensitivity and
predicts the development of type 2 diabetes.
Diabetes 2002;51:1889-1895.

Burgert TS, Taksali SE, Dziura J, Goodman
TR, Yeckel CW, Papademetris X, Constable
RT, Weiss R, Tamborlane WV, Savoye M,
Seyal AA, Caprio S: Alanine aminotransfer-
ase levels and fatty liver in childhood obesi-
ty: associations with insulin resistance, adi-
ponectin, and visceral fat. ] Clin Endocrinol
Metab 2006;91:4287-4294.

Belfort R, Harrison SA, Brown K, Darland C,
Finch J, Hardies ], Balas B, Gastaldelli A, Tio
F, Pulcini J, Berria R, Ma JZ, Dwivedi S,
Havranek R, Fincke C, DeFronzo R, Bannay-
an GA, Schenker S, Cusi K: A placebo-con-
trolled trial of pioglitazone in subjects with
nonalcoholic steatohepatitis. N Engl ] Med
2006;355:2297-2307.

Goran MI, Shaibi GQ, Weigensberg M], Da-
vis JN, Cruz ML: Deterioration of insulin
sensitivity and beta-cell function in over-
weight Hispanic children during pubertal
transition: a longitudinal assessment. Int J
Pediatr Obes 2006;1:139-145.

Ball GD, Huang TT, Gower BA, Cruz ML,
Shaibi GQ, Weigensberg MJ, Goran MI:
Longitudinal changes in insulin sensitivity,
insulin secretion, and beta-cell function
during puberty. ] Pediatr 2006;148:16-22.
Vague J: The degree of masculine differen-
tiation of obesities: a factor determining pre-
disposition to diabetes, atherosclerosis, gout,
and uric calculus disease. Am J Clin Nutr
1956;4:20-34.

Rudolf MC, Walker J, Cole TJ: What is the
best way to measure waist circumference?
Int J Pediatr Obes 2007;2:58-61.

Ferndndez JR, Redden DT, Pietrobelli A, Al-
lison DB: Waist circumference percentiles in
nationally representative samples of Afri-
can-American, European-American, and
Mexican-American children and adoles-
cents. ] Pediatr 2004;145:439-444.

Fredriks AM, van Buuren S, Fekkes M, Ver-
loove-Vanhorick SP, Wit JM: Are age refer-
ences for waist circumference, hip circum-
ference and waist-hip ratio in Dutch children
useful in clinical practice? Eur ] Pediatr
2005;164:216-222.

de Assis MA, Rolland-Cachera MF, de Vas-
concelos FA, Bellisle F, Conde W, Calvo MC,
Luna ME, Ireton MJ, Grosseman S: Central
adiposity in Brazilian schoolchildren aged
7-10 years. Br ] Nutr 2007;97:799-805.

Horm Res 2009;71:65-74

73



»42

»43

> 44

» 45

» 46

»47

» 43

» 49

»50

»s51

» 52

»53

»s54

» 55

Lee S, Bacha F, Gungor N, Arslanian SA:
Waist circumference is an independent pre-
dictor of insulin resistance in black and
white youths. ] Pediatr 2006;148:188-194.
Zhu S, Heshka S, Wang Z, Shen W, Allison
DB, Ross R, Heymstfield SB: Combination of
BMI and waist circumference for identifying
cardiovascular risk factors in whites. Obes
Res 2004;12:633-645.

Ardern CI, Katzmarzyk PT, Janssen I, Ross
R: Discrimination of health risk by com-
bined body mass index and waist circumfer-
ence. Obes Res 2003;11:135-142.

Bacha F, Saad R, Gungor N, Janosky J, Arsla-
nian SA: Obesity, regional fat distribution,
and syndrome X in obese black versus white
adolescents: race differential in diabetogenic
and atherogenic risk factors. J Clin Endocri-
nol Metab 2003;88:2534-2540.

Neri D, Espinoza A, Bravo A, Rebollo MJ,
Moraga F, Mericq V, Castillo-Durdn C: Vis-
ceral adiposity and its association with se-
rum lipids in female obese teenagers. Rev
Med Chil 2007;135:294-300.

DeFronzo RA, Tobin JD, Andres R: Glucose
clamp technique: a method for quantifying
insulin secretion and resistance. Am J Physi-
ol Endocrinol Metab 1979;237:E214-E223.
Bergman RN, Prager R, Volund A, Olefsky
JM: Equivalence of the insulin sensitivity in-
dex in man derived by the minimal model
method and the euglycemic glucose clamp. J
Clin Invest 1987;79:790-800.

Gower BA, Granger WM, Franklin F, Shew-
chuk RM, Goran MI: Contribution of insu-
lin secretion and clearance to glucose-
induced insulin concentration in African-
American and Caucasian children. J Clin
Endocrinol Metab 2002;87:2218-2224.
Gungor N, Saad R, Janosky J, Arslanian S:
Validation of surrogate estimates of insulin
sensitivity and insulin secretion in children
and adolescents. ] Pediatr 2004;144:47-55.
Conwell LS, Trost SG, Brown W], Batch JA:
Indexes of insulin resistance and secretion in
obese children and adolescents: a validation
study. Diabetes Care 2004;27:314-319.
Reaven GM, Chen YD, Hollenbeck CB, Sheu
WH, Ostrega D, Polonsky KS: Plasma insu-
lin, C-peptide, and proinsulin concentra-
tions in obese and nonobese individuals with
varying degrees of glucose tolerance. J Clin
Endocrinol Metab 1993;76:44-48.

Gutt M, Davis CL, Spitzer SB, Llabre MM,
Kumar M, Czarnecki EM, Schneiderman N,
Skyler JS, Marks JB: Validation of the insulin
sensitivity index (ISI(0,120)): comparison
with other measures. Diabetes Res Clin Pract
2000;47:177-184.

Yeckel CW, Weiss R, Dziura J, Taksali SE,
Dufour S, Burgert TS, Tamborlane WYV,
Caprio S: Validation of insulin sensitivity in-
dices from oral glucose tolerance test param-
eters in obese children and adolescents. |
Clin Endocrinol Metab 2004;89:1096-1101.
Robbins DC, Andersen L, Bowsher R, Chance
R, Dinesen B, Frank B, Gingerich R, Gold-

» 56

»s57

» 53

» 59

» 60

»61

»62

»63

» 64

» 65

»66

» 67

68

stein D, Widemeyer HM, Haffner S, Hales
CN, Jarett L, Polonsky K, Porte D, Skyler J,
Webb G, Gallagher K: Report of the Ameri-
can Diabetes Association’s Task Force on
standardization of the insulin assay. Diabe-
tes 1996;45:242-256.

Rutter MK, Wilson PW, Sullivan LM, Fox
CS, D’Agostino RB Sr, Meigs JB: Use of alter-
native thresholds defining insulin resistance
to predict incident type 2 diabetes mellitus
and cardiovascular disease. Circulation
2008;117:1003-1009.

Mlinar B, Marc J, Janez A, Pfeifer M: Mo-
lecular mechanisms of insulin resistance
and associated diseases. Clin Chim Acta
2007;375:20-35.

Diamond FB Jr, Eichler DC: Leptin and the
adipocyte endocrine system. Crit Rev Clin
Lab Sci 2002;39:499-525.

Bujalska IJ, Kumar S, Stewart PM: Does cen-
tral obesity reflect ‘Cushing’s disease of the
omentum’? Lancet 1997;349:1210-1213.
Bacha F, Saad R, Gungor N, Arslanian SA:
Adiponectin in youth: relationship to viscer-
al adiposity, insulin sensitivity, and beta-cell
function. Diabetes Care 2004;27:547-552.
Lee S, Bacha F, Gungor N, Arslanian S: Com-
parison of different definitions of pediatric
metabolic syndrome: relation to abdominal
adiposity, insulin resistance, adiponectin,
and inflammatory biomarkers. J Pediatr
2008;152:177-184.

Weiss R, Dziura ], Burgert TS, Tamborlane
WYV, Taksali SE, Yeckel CW, Allen K, Lopes
M, Savoye M, MorrisonJ, Sherwin RS, Caprio
S: Obesity and the metabolic syndrome in
children and adolescents. N Engl ] Med 2004;
350:2362-2374.

Winer JC, Zern TL, Taksali SE, DziuraJ, Cali
AM, Wollschlager M, Seyal AA, Weiss R,
Burgert TS, Caprio S: Adiponectin in child-
hood and adolescent obesity and its associa-
tion with inflammatory markers and com-
ponents of the metabolic syndrome. J Clin
Endocrinol Metab 2006;91:4415-4423.
Kershaw EE, Flier JS: Adipose tissue asan en-
docrine organ. J Clin Endocrinol Metab
2004;89:2548-2556.

Utzschneider KM, Carr DB, Tong J, Wallace
TM, Hull RL, Zraika S, Xiao Q, Mistry JS,
Retzlaff BM, Knopp RH, Kahn SE: Resistin
is not associated with insulin sensitivity or
the metabolic syndrome in humans. Diabe-
tologia 2005;48:2330-2333.

Stewart PM, Toogood AA, Tomlinson JW:
Growth hormone, insulin-like growth fac-
tor-I and the cortisol-cortisone shuttle.
Horm Res 2001;56(suppl 1):1-6.
Fernandez-Real JM, Pugeat M, Grasa M,
Broch M, Vendrell ], Brun J, Ricart W: Serum
corticosteroid-binding globulin concentra-
tion and insulin resistance syndrome: a pop-
ulation study. ] Clin Endocrinol Metab 2002;
87:4686-4690.

Nathan BM, Allen DB: Growth hormone
treatment; in Lifshitz F: Pediatric Endocri-
nology, ed 5, 2007, pp 113-121.

74

Horm Res 2009;71:65-74

» 69

»70

»71

»72

»73

»74

»75

»76

»77

»78

»79

»30

>3]

Galli-Tsinopoulou A, Stylianou C, Farmaki-
otis D, Rousso I, Karamouzis M, Nousia-Ar-
vanitakis S: Ghrelin serum levels during oral
glucose tolerance test in prepubertal obese
children with insulin resistance. J Pediatr
Endocrinol Metab 2007;20:1085-1092.
Iniguez G, Ong K, Pefna V, Avila A, Dunger
D, Mericq V: Fasting and post-glucose ghre-
lin levels in SGA infants: relationships with
size and weight gain at one year of age. J Clin
Endocrinol Metab 2002;87:5830-5833.

Qi Q, Yu Z, Ye X, Zhao F, Huang P, Hu FB,
Franco OH, Wang ], Li H, Liu Y, Lin X: Ele-
vated retinol-binding protein 4 levels are as-
sociated with metabolic syndrome in Chi-
nese people. J Clin Endocrinol Metab 2007;
92:4827-4834.

Aeberli I, Biebinger R, Lehmann R, Lalle-
mand D, Spinas GA, Zimmermann MB: Se-
rum retinol-binding protein 4 concentration
and its ratio to serum retinol are associated
with obesity and metabolic syndrome com-
ponentsin children. J Clin Endocrinol Metab
2007;92:4359-4365.

Maffeis C, Silvagni D, Bonadonna R, Grez-
zani A, Banzato C, Tato L: Fat cell size, insu-
lin sensitivity, and inflammation in obese
children. ] Pediatr 2007;151:647-652.

Ford ES, Ajani UA, Mokdad AH: National
Health and Nutrition Examination. The
metabolic syndrome and concentrations of
C-reactive protein among US youth. Diabe-
tes Care 2005;28:878-881.

Ford ES, Galuska DA, Gillespie C, Will JC,
Giles WH, Dietz WH: C-reactive protein and
body mass index in children: findings from
the Third National Health and Nutrition
Examination Survey, 1988-1994. ] Pediatr
2001;138:486-492.

Guran O, Akalin F, Ayabakan C, Dereli FY,
Haklar G: High-sensitivity C-reactive pro-
tein in children at risk for coronary artery
disease. Acta Paediatr 2007;96:1214-1219.
Lee S, Gungor N, Bacha F, Arslanian S: Insu-
lin resistance: link to the components of the
metabolic syndrome and biomarkers of en-
dothelial dysfunction in youth. Diabetes
Care 2007;30:2091-2097.

Choi KM, Ryu OH, Lee KW, Kim HY, Seo JA,
Kim SG, Kim NH, Choi DS, Baik SH: Serum
adiponectin, interleukin-10 levels and in-
flammatory markers in the metabolic syn-
drome. Diabetes Res Clin Pract 2007;75:235—
240.

Esposito K, Pontillo A, Giugliano F, Giug-
liano G, Marfella R, Nicoletti G, Giugliano
D: Association of low interleukin-10 levels
with the metabolic syndrome in obese
women. ] Clin Endocrinol Metab 2003;88:
1055-1058.

Ruan H, Lodish HF: Insulin resistance in ad-
ipose tissue: direct and indirect effects of tu-
mor necrosis factor-alpha. Cytokine Growth
Factor Rev 2003;14:447-455.

Ross R: The pathogenesis of atherosclerosis:
a perspective for the 1990s. Nature 1993;362:
801-809.

Eyzaguirre/Mericq



