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Abstract

Objective: Puberty is associated with decreased insulin sensitivity. Sexual hormones have
been related with the onset of insulin resistance, but their relationship with non-esterified fatty
acids (NEFA) remains unexplored. The aim of this study was to evaluate circulating NEFA
levels in population-based samples of prepubertal children and adolescents and to analyze the
association of NEFA with obesity, insulin resistance, and sexual hormones in adolescents.
Experimental: The studied population included 854 randomly selected 6- to 8- year-old
children and 822 children aged 12 to 16 years. NEFA levels were determined using a
commercial kit. Testosterone and estradiol levels were determined by RIA, and insulin and
sex hormone binding protein by IRMA. HOMA was calculated as an indicator of insulin
resistance.

Results: NEFA levels were lower in adolescents than in 6- to 8-year-old children, and
decreased progressively with age between 12-year-olds and 16-year-olds. No significant
differences in NEFA levels were observed between obese and non-obese adolescents. NEFA
were not correlated with insulin or HOMA in 12- to 16- year-old girls, and appear negatively
correlated with these variables in boys. Insulin and HOMA were negatively correlated with
SHBG levels in both sexes adjusting by age but NEFA levels were not.

Conclusions: NEFA levels decrease with age in adolescents and are not significantly
increased in obese children, supporting the fact that the decreased insulin sensitivity at this
age is not affecting NEFA metabolism. Although SHBG is related to insulin and HOMA

independently of age in both sexes, SHBG levels are not associated with NEFA.
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Introduction

It has been established that obesity is related to the onset of insulin resistance [1].
Among other reasons, obesity determines this onset of insulin resistance by impairing insulin
signalling, interfering in glucose transport or decreasing insulin clearance related with
elevated non-esterifed fatty acids (NEFA) [1]. Inhibition of NEFA release is the most
sensitive action of insulin in normal conditions. In adults, it is believed that NEFA could be
the main link between obesity and insulin resistance [2]. NEFA levels are increased in most
obese adults due to an increase in the rate of lipolysis from the increased fat cell mass and
elevated plasma NEFA concentrations trigger peripheral and hepatic insulin resistance [3]. In
children and adolescents, on the other hand, although obesity has also been associated with
impaired glucose tolerance and insulin resistance [4-6], the role of NEFA in the onset of
insulin resistance remains unclear. In a previous study by our group, including 6- to 8-year-
old obese children, NEFA levels were not different between obese and non-obese boys, and
were significantly lower in obese girls [7].

Puberty is associated with decreased insulin sensitivity and increased insulin levels [8-
12]. The role of sex hormones in insulin sensitivity has been studied, and a relationship
between sex hormones and insulin resistance has been suggested in adults [13-15]. Sex
hormone levels have been associated with insulin sensitivity in some studies in children [9,
16] but not in others [11, 17]. Besides, to our knowledge, the relationship between hormones
and NEFA levels has not been investigated in a general population of adolescents. Thus, we
aimed to determine whether NEFA levels are related to sexual hormones during sexual
development.

In our study we have analyzed NEFA levels in two cohorts of 6- to 8-year-old and 12-
to 16-year-old children, respectively, evaluating their association with obesity, insulin,

HOMA, testosterone, estradiol, and SHBG in our population-based sample of healthy 12- to-



16-year-old boys and girls, in order to assess the possible association between hormones and

NEFA levels in adolescents.



Experimental

Study subjects: The studied population included two population-based samples
comprising 854 (416 boys and 438 girls) 6- to 8-year-olds, and 822 (393 boys and 429 girls)
12- to 16-year-olds. Children were participants of a cross-sectional study designed to analyze
cardiovascular risk factors in Spanish schoolchildren, and were selected by means of random
cluster sampling in schools. 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
chronic diseases were excluded. The study protocol complied with Helsinki Declaration
guidelines and Spanish legal provisions governing clinical research on humans, and was
approved by the Clinical Research Ethics Committee of the Fundacion Jiménez Diaz in Madrid.

Data collection and study variables: At each school, data were collected by a field
team, comprised of a physician, several nurses, and a group of persons purpose-trained for
taking anthropometric measurements.

Anthropometric variables: Measurements were taken with the children lightly dressed
and barefoot. Height and weight were recorded, and body mass index (BMI) was computed
based on these measurements. Children were categorized as obese according to the age- and
sex-specific BMI cut-off points proposed by Cole et al [18].

Biochemical variables: Fasting (12-hour) venous blood samples were obtained by
venipuncture into Vacutainer tubes. Plasma glucose was measured by the glucose oxidase
method. NEFA levels were measured by using the Wako NEFA-C kit (Wako Industries,
Osaka, Japan). Testosterone and estradiol were determined by coated tube radioimmunoassy
(RIA), using commercial kits (DSL-4000 Active® Testosterone and DSL-43100 Active®™
Estradiol, respectively; Diagnostic Systems Laboratories, Inc., Webster, Texas, USA). Sex
hormone binding globulin (SHBG) was measured using an Immunoradiometric Assay
(IRMA) kit (DSL-7400 Active® SHBG; DSL, Inc., Webster, Texas, USA). Serum insulin

concentration was also measured by IRMA using a commercial kit (BI-Insulin IRMA, Bio-



Rad, France). Insulin resistance was estimated using the homeostasis model assessment for
insulin resistance (HOMA; fasting insulin [microU/ml] x fasting glucose [mmol/L]/22-5).
Statistical analysis: All statistical analyses were conducted using the statistical package
SPSS v9.0 (SPSS Inc, Chicago, IL). Differences in NEFA levels by age were evaluated by
ANOVA and the appropriate post-hoc test. Differences in the studied variables between sexes
and between non-obese and obese children were analyzed by t-test or Mann-Whitney test
depending on the distribution of the variable. Partial correlation coefficients were estimated
after adjusting by age to evaluate the relationships between insulin-resistance variables and

hormone levels.



Results

Our study sample comprises of 76 obese children (35 boys and 41 girls) aged 6-8 years
old, and 50 obese children (26 boys and 24 girls) aged 12-16 years old.

NEFA levels in 6- to 8-year-old and 12- to 16-year-old boys and girls are shown by age
in table 1. No significant differences in NEFA levels between boys and girls were observed in
adolescents, but NEFA levels were higher in girls than in boys at the age of 6 and 7. Mean
NEFA levels were lower in 12- to 16-year-olds than in 6- to 8-year-old children. In addition,
NEFA levels decreased gradually with age in 12- to 16-year-old boys and girls (table 1).
Furthermore, NEFA levels were negatively correlated with days of life in both boys (-.302,
p<0.001) and girls (-.282, p<0.001). BMI, insulin, and HOMA were significantly correlated
with days of life in boys but not in girls. Days of life correlated positively with testosterone in
boys and estradiol in girls, and negatively with SHBG in both sexes.

Insulin levels and HOMA were significantly higher in obese than in non-obese 12- to-
16-year-old boys and girls (table 2). However, no significant differences in plasma glucose
and NEFA levels were found between obese and non-obese 12- to- 16-year-old children,
although obese girls showed slightly higher NEFA levels than non-obese girls (table 2).

Partial correlations, after adjusting by age, between BMI, plasma sex hormones, and
insulin resistance-related parameters were evaluated in our 12- to- 16-year-old children (table
3). BMI correlated positively with insulin and HOMA in both genders, but not with NEFA. In
boys, NEFA levels correlated negatively with insulin levels and HOMA, although this
correlation was not present in girls (table 3). SHBG levels were significantly and negatively
related to insulin and HOMA in boys and girls, after adjusting by age, but the correlations
were more substantial in girls. No significant correlations were observed between testosterone
or estradiol and the studied variables. No correlation was found when analyzing partial

correlation coefficients between NEFA and hormone levels after adjusting by age (table 3).



Discussion

In our study, we report data on the distribution of NEFA levels by age in Spanish
children, describing that NEFA concentrations are lower in 12- to- 16-year-old children than
in prepubertal children. In addition, we show a progressive decrease of NEFA levels with age
in the age interval studied, between 12 and 16 years of age. Lower NEFA levels in pubertal
than in prepubertal children have also been described in other pediatric populations [12, 19]
even though, as discussed previously, a decrease in insulin sensitivity associated with the
onset of puberty is accepted [8-12]. It has been reported that pubertal insulin resistance is
associated with decreased insulin stimulated glucose and decreased insulin suppression of
NEFA oxidation [20]. In our study, no positive correlations have been found between insulin
and HOMA and NEFA; in fact, in boys, significant negative correlations were detected. A
negative correlation between insulin and NEFA was also found for 13-year-old girls and 16-
years-olds of both sexes in the study of Allard et al [19]. No relationships or negative
associations between insulin and NEFA have been found in studies in prepubertal children
[21, 22].

Although obese boys and girls in our study had higher plasma insulin levels and HOMA
values than their non-obese peers, no significant differences were found in NEFA levels
between them. BMI is positively correlated with insulin and HOMA but not with NEFA.
Even though some studies have reported higher NEFA levels in obese children [23, 24],
others have described lower NEFA levels in obese versus normal-weight children [7, 21, 25]
or no differences between them [7, 26]. In general, in adults, the onset of insulin resistance is
accompanied by glucose intolerance and an increase in NEFA concentrations [3]. One of the
more important primary actions of insulin is the inhibition of lipolysis in fat cells. In our
study, while other consequences of high BMI are similar to those associated with insulin
resistance in adults (higher fasting insulin levels and higher HOMA), NEFA levels are not

increased in obese adolescents, suggesting that adipose tissue in these children remains



sensitive to the action of insulin. It seems that the sequence of the metabolic changes
associated with insulin resistance in adult obesity (high levels of insulin, glucose intolerance,
and, finally, NEFA increase) is not yet complete in our 12- to 16-year-old population.

However, we observed some differences between boys and girls regarding the
relationship between insulin/HOMA and NEFA and regarding NEFA levels in the obese
individuals that suggest slightly differences in insulin sensitivity between sexes. It has been
described that females throughout life are more insulin resistant than males [27]. Studies in
different populations have observed differences in insulin sensitivity between boys and girls
depending on age [19, 28], particularly at the pubertal age [10], possibly owing to sexual
development. The girls in our study could have characteristics regarding impaired fatty acid
metabolism and insulin sensitivity that are closer to those of adults than those seen in boys.

When analyzing the association of insulin-related variables with hormone levels in these
12- to- 16-year-old boys and girls, we observed that, even though a negative association of
insulin and HOMA with SHBG levels is present, no significant association has been found
between NEFA concentrations and hormone levels at this age. SHBG levels have been
previously related to lower insulin levels and insulin resistance in adults [13, 29] as well as in
obese children [30, 31], and has being suggested as playing an important role in the changes
in glucose metabolism and body composition occurring during the pubescent transition [32].
In children and adolescents, SHBG has been related to diabetes [33] and presence of
metabolic syndrome [34]. However, the association with NEFA has not been analyzed in any
of these studies.

In summary, in our study we describe lower NEFA levels in Spanish adolescents than in
prepubertal children, reporting a progressive decrease in NEFA concentration between 12-and
16-year-olds. Additionally, we describe that NEFA levels are not significantly elevated in
obese children, suggesting that, in the obese adolescent, insulin retains its antilipolytic effect.

Although the association between SHBG and insulin and HOMA suggests a relationship



between androgen bioavailability and insulin sensitivity, NEFA levels are not related to

sexual hormones or SHBG.
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Table 1. Plasma NEFA levels (mEg/L) among 6- to- 8-year-old and 12- to- 16-year-old boys and girls by age.

Boys
6y Ty 8y 12y 13y 14y 15y 16y
p p
n=86 n=228 n=102 n=53 n=54 n=110 n=120 n=56

0.69+0.27 0.67+0.28 0.68+0.25 ™% 0.54+0.22 0.50+0.17 0.42+0.22 0.43+0.19 0.33+0.14

12-14%,12-15% 12-16°

13-16°, 14-16°, 15-16°

Girls
6y Ty 8y 12y 13y 14y 15y 16y
p p
n=110 n=227 n=101 n=48& n=51 n=141 n=131 n=58&

0.75£0.29 0.7240.30 0.66£027 ™%  0.58+0.22 0.49+0.21 0.46+0.19 0.40+0.18 0.41+0.22

12-14%, 12-15%, 12-16°

13-15%, 14-15°

Data shown as mean+SD. NEFA: non-esterified fatty acids.

p: ANOVA, Tukey post hoc test; p<0.05 °p<0.01 °p<0.001
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Table 2. Biochemical variables (meantSD) in non-obese and obese 12- to- 16-year-old

children.
Boys Girls
Non-obese Obese Non-obese Obese
(n=392) (n=26) P (n=432) (n=24) p
Age (years) 14.3+1.2 14.5+1.2 n.s. 14.4+1.1 14.2+1.5 n.s.
Glucose (mg/dl) 92.319.1 94.5£124 ns. 88.8+8.7 91.84£5.0 n.s.
Insulin (pU/ml) 8.316.6 12.8£7.8  0.000 8.3+5.1 13.5£5.0  0.000
HOMA 1.89£1.53 3.00£1.89 0.000 1.83+1.23 3.04£1.19 0.000
NEFA (mEq/L) 0.43£0.20 0.39£0.19  ns. 0.43£0.19 0.53+0.23 0.079




Table 3. Correlations (adjusted by age) between NEFA, glucose, insulin, HOMA, and BMI

and hormone levels in 12- to- 16-year-old boys and girls.

Boys

NEFA Glucose Insulin HOMA

NEFA - .030 -.132° -120°

BMI .005 092 .161° .189°¢

Testosterone .089 .057 .064 .056

SHBG 001 -.046 -142° -.144°
Girls

NEFA Glucose Insulin HOMA

NEFA - 241° -.045 .008
BMI .024 .041 208° 225°¢
Estradiol 026 -.000 .036 .031
SHBG -.025 -.082 -.264¢ -.282¢

BMI: body mass index; SHBG: sex hormone binding protein.

p<0.05 "p<0.01 °p<0.001



