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ABSTRACT

The relationship of resistin levels with obesity remains unclear. The aim of this study was to determine
resistin levels in prepubertal children and adolescents and evaluate their association with anthropometric
parameters and body composition. The study population included 420 randomly selected 6-8-year-old
children and 712 children aged 12-16 years. Anthropometric data were measured and body mass index
(BMI) and waist-to-hip and waist-to-height ratios were calculated. Body composition was assessed using
an impedance body composition analyzer. Serum resistin levels were determined using a multiplexed
bead immunoassay. Resistin levels were not significantly different between sexes. No significant differ-
ences in serum resistin concentrations were found between obese, overweight, and normal weight chil-

Keywords: dren atany age, and no significant correlations were observed between resistin concentrations and weight
Body mass index or BMI. However, resistin levels showed a significant positive correlation with fat mass in 12-16-year-old
Children children, particularly in girls. In addition to describing serum resistin levels in prepubertal children and
Fat mass adolescents, our study suggests that resistin is related to body fat rather than to BMI in adolescents.
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1. Introduction

Obesity is the consequence of an excess of adipose tissue, result-
ing from animbalance between food intake and energy expenditure
[6]. In the last years, the view of adipose tissue has changed from
that of an “inert” storage tissue to an endocrine organ that secretes
several proteins, adipokines, which play an important physiolog-
ical role in controlling energy homeostasis and have important
endocrine functions [2,9,11]. Resistin is one of those adipocyte-
secreted peptide hormones that have been linked to obesity and
obesity-associated alterations, although its role in metabolic dis-
orders is under debate [13,25]. In humans, resistin is secreted by
adipocytes and by macrophages in adipose tissue and the liver [26].
Some studies in humans have reported significantly higher serum
resistin levels in obese than in lean subjects [1,5,20], or have pos-
itively related resistin concentrations with body fat mass [27,28].
However, these associations have not been confirmed in other stud-
ies [10,12,24,29].

Abbreviations: BMI, body mass index; OW, overweight; NW, normal-weight.
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The association of this cytokine with obesity has also been ana-
lyzed in children, producing, likewise, discordant results. Although
resistin levels have been linked with obesity in different popu-
lations of children and adolescents [8,15,22], and significant
correlations between serum resistin concentrations and BMI and
waist circumference have been reported [14], other studies do not
support a relationship between resistin and weight status in child-
hood [21] or suggest a weak association [7]. In general, the results
of these studies are not derived from population-based samples,
but rather from either relatively small population samples or stud-
ies including a broad range of age groups. Only the study by Li
et al. [14] reported data from a cross-sectional survey in Chinese
children, and, to the best of our knowledge, observational stud-
ies in Caucasian pubertal children have largely failed to test for
the relationship between resistin levels and body composition.
Our study examines resistin levels in pre-pubertal Spanish chil-
dren and adolescents between the ages of 12 and 16, and analyzes
their relationship with anthropometric measurements and body
composition in a population-based cohort of healthy children.

2. Materials and methods
2.1. Subjects

The study population included two population-based samples
comprising 420 (207 boys and 213 girls) 6-8-year-olds, and 712
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(347 boys and 365 girls) 12-16-year-olds. Children were partici-
pants in a cross-sectional study designed to analyze cardiovascular
risk factors in Spanish schoolchildren. Children were selected by
means of random cluster-sampling in schools, and stratified by sex.
Sampling was carried out in two stages: first, schools were selected
from lists made available by the Regional Educational Authorities;
and second, class rooms and pupils were selected. The study was
formally presented to the Board of each of the schools participat-
ing. Following this, a letter was circulated to the parents of all the
children invited to join the study, outlining the study goals and pro-
cedures. Parents were required to provide written consent for their
children to participate in the study. All children reported by their
parents to be suffering from metabolic syndrome, endocrine, liver
or kidney disorders or taking any medication were excluded from
the study so as to rule out any possible alteration in the values of
the variables of interest.

Precocious puberty cases among 6-8-year-old children were
also excluded. The study protocol complied with the Helsinki Dec-
laration guidelines and Spanish legal provisions governing clinical
research on humans, and was approved by the Clinical Research
Ethics Committee of the Fundacién Jiménez Diaz in Madrid.

2.2. Anthropometric variables

Measurements were taken with children wearing light clothing
and barefoot. Weight was determined to the nearest 0.1 kg using a
standardized digital scale and height was measured to the nearest
0.1 cm using a portable stadiometer. Body mass index (BMI; weight
in kilograms/height in meters squared) was calculated and z-score
BMI was calculated according to the reference population [3]. In
a subgroup of 12-16-year-old children, waist and hip circumfer-
ences and body composition were recorded. Waist circumference
was measured at the narrowest point between the lowest rib and
the uppermost lateral border of the right iliac crest. Hip circumfer-
ence was measured at the widest point of the hips with the subject
standing with both feet together. Body composition (expressed
as fat mass (kg), lean mass (kg), and percent of body fat) were
assessed using a Tanita (Arlington Heights, IL, USA) TBF-300MA
impedance body composition analyzer. We considered children to
be overweight (OW) or obese if their BMI exceeded the age- and
sex-specific cut-off points proposed for children by Cole et al. [4] in
a synthesis of international studies.

2.3. Biochemical data

Fasting (12h) venous blood samples were obtained by
venipuncture and collected in Vacutainer tubes. Serum resistin
levels were quantified using multiplex assay kits that utilize
fluorescent microbead technology, allowing simultaneous quan-
tification of several target proteins within a single serum sample. A
customized panel from BioRad was used (Bio-Plex Pro™ Human
Diabetes Standard 10-Plex; Bio-Rad, Hercules, CA, USA) in the
platform Luminex 200 System (Luminex corporation, Invitrogen;
Caramillo, CA, USA). Assay working ranges were 2.3-4739 pg/mL.

2.4. Statistical analysis

Statistical analyses were performed using the SPSS soft-
ware package, version 9.0 (SPSS, Inc., Chicago, IL). The
results are expressed as mean (95% confidence interval). The
Kolmogorov-Smirnov test was used to check whether the variable
under study was normally distributed; accordingly to the results,
differences in resistin levels between gender and age groups
were assessed using a t-test. Differences in variables by weight
category in boys and girls were evaluated by one-factor ANOVA.
According to the parametric or non-parametric distribution of

the variables, Pearson or Spearman correlation analyses were
performed to evaluate the relationships between resistin levels
and both anthropometric variables and body composition.

3. Results

Serum resistin levels in prepubertal children and adolescents
according to weight category (normal-weight (NW) and over-
weight or obese children (OW)) by gender are shown in Fig. 1.
We have analyzed overweight and obese children together due
to the small number of obese children in our samples: 9 obese
boys and 15 obese girls in the 6-8-year-old group and 26 obese
boys and 13 obese girls among 12-16-year-old children. Resistin
levels were not significantly different between NW 6-8-year-
old girls (2425 pg/mL) and NW 12-16-year-old girls (2345 pg/mL)
or between OW 6-8-year-old girls (2574 pg/mL) and their OW
12-16-year-old counterparts (2509 pg/mL). Slight differences were
observed between NW 6-8-year-old boys (2550 pg/mL) and NW
12-16-year-old boys (2300 pg/mL). No differences were found
between OW 6-8-year-old boys (2663 pg/mL)and OW 12-16-year-
old boys (2394 pg/mL) (Fig. 1).

No significant differences in resistin concentrations were found
between genders at any age. Even though overweight/obese boys
and girls tend to have higher resistin levels than their NW coun-
terparts in both age groups, the differences were not statically
significant.

Correlation analysis showed no significant correlations of
resistin levels with weight or BMI in any gender in any age group
(Table 1). In 12-16-year-old children, we did observe a significant
correlation between resistin levels and waist circumference in girls
but not in boys, and did not find any significant correlation with
waist to hip or waist to height ratios (Table 2). Resistin levels cor-
related significantly with total fat mass and percentage of fat mass,
with the correlations being more important in girls (Table 2).
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Fig.1. Serumresistin levels (pg/mL)in prepubertal children and adolescents accord-
ing to weight category by gender.



L. Ortega et al. / Peptides 49 (2013) 49-52 51

Table 1
Correlation analysis between resistin levels and anthropometric data in 6-8 year-
olds and 12-16 year-old boys and girls.

6-8 year-olds 12-16 year-olds

Boys (n=154) Girls (n=163) Boys(n=347) Girls (n=365)
Weight (kg) 137 006 074 087
BMI (kg/m?) 078 -016 084 067
z-Score BMI 068 048 063 063

Table 2
Correlation analysis of resistin levels with anthropometric indices and body com-
position in 12-16 year-old boys and girls.

Boys (n=134) Girls (n=143)
Waist circumference (cm) 098 1732
Waist/hip ratio 041 —046
Waist/height ratio 083 131
Fat mass (kg) 161 200?
Fat-mass (%) 1662 1742

a p<0.05.

4. Discussion

Data on resistin levels in healthy populations are scarce and
contradictory, mainly because of methodological difficulties. In our
study we have described resistin levels in Spanish children using
a multiplexed bead immunoassay, which appears to be a promis-
ing method for measurement of adipokines [17]. To the best of our
knowledge, this is the first study to presents data on resistin levels
from a large population of Caucasian children.

Even though some studies have reported that resistin levels are
age-dependent in both boys and girls and that a correlation exists
between resistin concentration and pubertal stage [7], in our study
we have observed no differences in resistin levels between prepu-
bertal and adolescents in girls, and only small differences in boys.
Although higher average resistin levels were reported in prepu-
bertal than in pubertal children in both genders in the study by Li
et al. in Chinese children [14], the association is less evident when
analyzing the association of resistin with Tanner stage develop-
ment, and is not present in normal weight children, excluding of
the analysis those with central obesity [14]. A previous study in
healthy Spanish children showed no differences from prepubertal
stage to mid-puberty, showing higher resistin levels after puberty
was completed, suggesting a possible link between resistin levels
and changes in body fat content in adult females [16]. Contrary to
what has been observed in other populations [7,14,21], and similar
to data described in Spanish children [16], resistin concentrations
in our population were not different between boys and girls at any
age.

In addition to examining the relationship of resistin levels with
anthropometric variables, an additional strength of our study is
that we analyzed the association between these levels and per-
centage of fat mass, an aspect seldom addressed in Caucasian
children. Contrary to results previously reported in some child
populations [8,15,22] but in agreement with results from other
studies [7,21], we not only failed to find significant correlations
of resistin with weight or BMI, but also did not find significant
differences between mean resistin levels in normal-weight and
overweight/obese children. Conventionally, waist circumference is
used in both clinical practice and biomedical research as a marker of
abdominal obesity. A significant correlation of resistin levels with
waist circumference has been observed in girls, although no corre-
lation with waist-to-hip ratio or waist-to-height ratio was found.
Gerber et al. [7] described a significant correlation of resistin levels
with waist circumference in females, failing to find any associa-
tion with waist-to-hip ratio. On the contrary, Li et al. [14] found a

significant correlation of resistin concentrations with the markers
of abdominal obesity analyzed: waist circumference and waist-to-
weight ratio. Furthermore, it has been suggested that is the amount
of body fat which is related to resistin levels in humans; however,
while some cross-sectional studies in adults have related resistin
concentrations to fat mass [5,27,28], others have failed to find any
association with percent of body fat [12,24]. In our study we have
found an association of resistin levels with total fat mass and per-
centage of body fat mass, particularly in girls. The study by Li et al.
[14] in Chinese children also found a positive correlation between
fat-mass percentage and resistin levels in both genders. No studies
in Caucasian children have included in their analyses an evaluation
of the association between resistin levels and body fat composi-
tion. Our results, showing significant correlations of resistin with
fat mass but not with BMI in adolescents, suggest that, more than
BMI itself, the amount of fat mass appears to be related to resistin
concentrations in our population. High levels of resistin mRNA
expression associated to abdominal fat have been described [18].
However, it has been reported that, although resistin expression in
adipose tissue from morbidly obese patients is significantly higher
than in lean subjects, there is no correlation between BMI and
resistin expression [23].

Resistin seems to act in peripheral tissues to influence sensitiv-
ity to insulin and it is assumed that has a proinflammatory action
[19]. The association of body fat mass with resistin levels already in
children has an important significance regarding the link between
adipose tissue and insulin resistance and inflammatory processes
later in life.

5. Conclusion

Besides describing resistin levels in healthy pre-pubertal chil-
dren and adolescents between the ages of 12 and 16, our study
supports the hypothesis of a relationship between resistin levels
and fat body composition in 12-16-year-old children, particularly
in girls.
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