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Abstract Despite the epidemic of adolescent obesity, the
effect of obesity and hormones on bone mineral accrual
during growth is poorly understood. Studies using dual-
energy X-ray to examine the effect of obesity on bone mass
in children and adolescents have yielded conflicting results.
The aim of this study was to explore the combined and
independent contributions of body mass index, body
composition, leptin, insulin, glucose levels and Homeo-
stasis Model Assessment Insulin Resistance (HOMA-IR) to
bone mineral density (BMD) and bone mineral content in a
group of Brazilian obese adolescents. This study included
109 post-pubescent obese adolescents. A whole-body dual-
energy X-ray absorptiometry scan was performed,using a
HOLOGIC QDR4200, to determine whole-body BMD and
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body composition. Blood samples were collected in the
outpatient clinic after an overnight fast, and evaluated for
fasting blood glucose and immunoreactive insulin. Leptin
levels were assessed with a radioimmunoassay kit. Insulin
resistance was assessed by HOMA-IR and the quantitative
insulin sensitivity check index. Our results showed that
insulin levels and HOMA-IR correlated negatively with
BMD and a linear regression analysis showed that serum
leptin is inversely associated to BMD adjusted for body
mass. In conclusion, our data support the hypothesis
that leptin, insulin and HOMA-IR are inversely associated
with BMD and play a significant direct role in bone
metabolism.

Keywords Obesity - Bone mass - Hormones - DEXA -
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Introduction

Bone remodeling is a complex process characterized by an
ongoing coordinated reabsorption and formation of new
bone, regulated by systemic hormones and local factors.
The fact that bone remodeling occurs independently at
multiple skeletal locations has generally been viewed as
indirect evidence for local regulation [1]. As a result of
mounting evidence suggesting beneficial effects on bone,
increased body weight has emerged in recent years as a
potential modifier of osteoporosis risk [2, 3]. Likewise,
body mass index (BMI), has been accorded the same
attention [4].

Bone-protective effects of obesity may involve
increased weight bearing, increased aromatization of
androgen to estrogen in adipose tissue, lowered levels
of sex hormone binding globulin (SHBG), or a direct
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increased bone formation induced by high circulating lev-
els of insulin [1].

Krakauer et al. [5] concluded that the metabolic effects
of poor glycemic control lead to increased bone resorption
and bone loss in young diabetic adults. Improvements in
glycemic control increased values of serum osteocalcin in
diabetic patients. These studies suggest that during periods
of poor glycemic control, increased rates of bone resorption
are not accompanied by proportional increases in rates of
bone formation [6].

In addition, a growing body of work has established the
central role of the hypothalamus in the regulation of bone
formation by osteoblasts [7]. The thrust of this influence is
exerted by neurons located in the ventromedial hypothal-
amus. These neurons are themselves the target of leptin,
which was demonstrated to be a powerful antiosteogenic
hormone [7]. Based on chemical lesioning, genetic
manipulations, and pharmacological experiments, hypo-
thalamic neurons mediating leptin antiosteogenic and
anorexigenic functions could be distinguished. Moreover,
genetic evidence indicates that, peripherally, the sympa-
thetic nervous system preferentially mediates leptin anti-
osteogenic function [8].

Leptin, the product of the Ob gene, is primarily released
by white adipose tissue and is strongly correlated with fat
mass [9]. Leptin receptors have been discovered in human
bone marrow stromal cells and are known to induce the
differentiation of stromal cells to osteoblasts [10]; how-
ever, human studies on the role of leptin in bone metabo-
lism have shown contradictory results [1, 11, 12]. A recent
study has suggested that the effect of leptin signaling on
bone might differ significantly between different skeletal
regions [13], and this might partially explain the contra-
dictory results of research on the association of leptin and
bone metabolism.

During childhood and adolescence, bone mineral
accretion results in sex- and maturation-specific increases
in cortical dimensions and trabecular density [14]. These
periods are crucial for bone growth, considering half the
adult bone mass is achieved in adolescence. Indeed, the
peak bone mass of early adulthood may provide an
important protection against osteoporotic fracture risk
occurring later in life, reinforcing the importance of
detecting children with low bone mass to schedule inter-
vention programs at an early age [15]. Despite the epi-
demic of adolescent obesity, the effect of obesity and
hormones on bone mineral accrual during growth is poorly
understood. Studies using dual-energy X-ray (DEXA) to
examine the effect of obesity on bone mass in children and
adolescents have yielded conflicting results.

In adults, obesity is associated with increased bone
mineral density (BMD), and with decreased risk of hip
fracture in postmenopausal women [16]. Although the
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association of obesity with bone mineral content (BMC)
and BMD in children and adolescents is unclear and con-
troversial: some studies revealed higher incident of fracture
risk in obese children [17-19]. Thus, the aim of this study
was to explore the combined and independent contributions
of BMI, body composition, leptin, insulin, glucose levels
and HOMA-IR to BMD and BMC in Brazilian obese
adolescents.

Research methods

For this study, 109 adolescents (41 males and 68 females)
with simple obesity were recruited. Their ages ranged from
13 to 18 years. The inclusion criteria were Tanner Stage 5
assessed by means of the Tanner criteria [20] and primary
obesity, BMI greater than 30 wt/ht*>. Exclusion criteria
included current or previous (within 6 months) use of oral
contraceptive pills, cortisone, anti-epileptic drugs, choles-
terol-lowering drugs or binders, history of renal, gastroin-
testinal, or liver disease, alcohol intake, ethanol more than
two drinks per day, smoking, current or anticipated preg-
nancy, obesity secondary to endocrine disease, participa-
tion in any strenuous physical exercise, chronic diseases,
history of fractures or long-term immobilization, and sup-
plementation of calcium or any other drug that might affect
their bone metabolism.

Standing height and weight were measured and BMI
was calculated as body weight (wt) divided by height (ht)
squared (wt/ht?). The mean BMI was 35.64 + 4.35 wt/ht’.
Blood samples were collected in the outpatient clinic
around 8:00 A.M. after an overnight fast, and fasting blood
glucose (FBG) immunoreactive insulin (IRI) were recor-
ded. Leptin levels were assessed with an RIA kit (Linco
Research, St. Charles, Missouri, United States) [21].
Insulin resistance was assessed by homeostasis model
assessment insulin resistance index (HOMA-IR) [22] and
the quantitative insulin sensitivity check index (QUICKI)
[23]. HOMA-IR was calculated as [FBG (mg/dl) X IRI
(mU/1)]/405. All parameters were analyzed according to
reference values described by Schwimmer et al. [24]. This
study was carried out in accordance with the principles of
the Declaration of Helsinki and was approved by an ethical
committee under number #0135/04. Informed consent was
obtained from all subjects and/or their parents.

Bone mineral density and body composition

A whole-body dual-energy X-ray absorptiometry scan was
performed to determine whole-body BMD (units: g/cm?)
and body composition using HOLOGIC QDR4200
(Hologic, Bedford, MA). The whole-body scan requires the
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subject to be placed supine with the arms and legs posi-
tioned according to the manufacturer’s specifications.
Quality control was performed daily using a phantom, and
measurements were maintained within the manufactures
standards of <1% [25].

Statistical analyzes

Data are presented as means £ standard deviation. P val-
ues less than .05 are considered as statistically significant.
Descriptive analysis and evaluation of normality were
performed first. Correlation analyses between body com-
position, BMI, fasting glucose, insulin, leptin, HOMA-IR
with BMD and BMC were performed with Pearson’s cor-
relation test. Stepwise multiple regression of BMD and
BMC as dependent factors were performed. All analyses
were realized in STATISTICAL 6 for Windows.

Results

The characteristics of all obese adolescents are show in
Table 1. As expected, boys were taller, heavier, with
higher values of BMC and more free fat mass than girls. On
the other hand girls presented more fat mass percentage
and leptin values; for the other variables no differences
were found.

No correlations were found, in either sex, between BMD
and BMC with body mass, fat mass (kg), free fat mass (%),
subcutaneous fat, glucose and leptin. However, for boys,
strongly positive correlations were observed between BMD
and height (r = 0.724) and absolute free fat mass
(r = 0.798); and negative correlations with visceral fat
(r = —0.658), insulin (r = —0.730) and HOMA-IR
(r = —0.705). Indeed, we verified a tendency for negative
correlation between BMD and fat mass percentage
(P =0.05; r = —0.531) in the male subjects. In girls,
BMD presented positive correlations with age (r = 0.479)
and absolute free fat mass (r = 0.365). No negative cor-
relations were observed for girls (Table 2).

Linear regression analysis showed, only in boys, that
serum leptin is inversely associated to BMD adjusted for
body mass (r = —0.53; P < 0.039) (Fig. 1).

In Table 2, we can observe the correlation with BMC
and all variables. For boys there was a positive correlation
between BMC and height (r = 0.731) and a strong corre-
lation with absolute free fat mass (r = 0.815); and negative
correlation between visceral fat (r = —0.613), insulin
(r = —0.747) and HOMA-IR (r = —0.724). For girls
positive correlations were observed for age (r = 0.467)
and absolute free fat mass (r = 0.618). Once again, no
negative correlations were found in juvenile females.

Table 1 Anthropometric, body composition and biochemical

parameters in 109 obese adolescents

Boys (n = 41)  Girls (n = 68) P value

Age (years) 17.07 £ 1.61 16.70 £ 1.67 NS
Body mass (kg) 106.86 £ 12.05  92.76 + 12.47 0.000000
Height (m) 1.72 + 0.07 1.62 + 0.05 0.000000
BMI (kg/m?) 36.03 £ 3.75 35.09 £ 4.06 NS

Fat mass (%) 37.01 £ 7.32 4471 £ 5.14  0.000000
Fat mass (kg) 39.36 +£ 10.35  40.74 + 8.83 NS

Free fat mass (%) 62.48 + 8.16 55.28 £ 5.13  0.000001
Free fat mass (kg) 65.80 + 8.49 49.60 £+ 5.22  0.000000
Visceral fat (cm) 442 + 1.36 3.54 £ 1.30 0.001
Subcutaneous fat 2.99 + 0.66 328 £ 0.86 NS

(cm)

BMD 1.17 £ 0.14 1.14 £ 0.08 NS
BMC 2657.79 £ 523  2384.82 £+ 307  0.007
Glucose (mg/dl) 92.00 £ 6.50 91.39 £ 643 NS
Insulin (uU/ml) 19.06 + 13.19 17.32 £ 8.14 NS
HOMA-IR 442 + 334 390 +£ 1.97 NS
Leptin (ng/dl) 18.66 £ 9.06 36.34 + 17.39 0.000001

Reference values: leptin (4.9-24 ng/dl) (21); glucose (70-100 mg/dl)
[24]; insulin (<17 uU/ml) [25]; HOMAR-IR (<3) [25]

BMI Body mass index, BMD Bone mineral density, BMC Bone
mineral content, HOMA-IR Homeostasis model assessment insulin
resistance index

According to Table 3 there was a positive correlation,
only in girls, between FFM and insulin concentration
(r = 0.28; P < 0.036).

Stepwise multiple linear regression analyses were per-
formed. Tables 4 and 5 (boys and girls respectively) present
multiple regression analysis with BMD as the dependent
variable. The absolute free fat mass and visceral fat provided
the best model to explain variability in bone density in boys;
in girls the best predictor was the absolute free fat mass.

The same multiple linear regression analyses were per-
formed using BMC as the dependent variable, and models
are within 2 steps for boys and 3 for girls. In Table 5, we
can observe that absolute free fat mass and insulin, in boys,
and absolute free fat mass and visceral fat in girls, were the
best values for determining BMC.

Discussion

A number of different factors are listed as being important
for growth of BMD during puberty. Among these factors,
those that stand out are contributions of natural genetics,
alterations to the body’s dimensions, weight and stature,
physical activity level, hormonal profile and sufficient
calcium ingestion during this age range; all these are
reflected in intense bone mineralization [26, 27].
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Table 2 Simple correlation coefficient between bone mineral density
and bone mineral content with anthropometrics measurements, body
composition and biochemical parameters in obese adolescents

Boys (n = 41) Girls (n = 68)
r P r P

Bone mineral density

Age (years) 0.402 0.153 0.479 0.006
Body mass (kg) —0.098 0.737 0.215 0.237
Height (m) 0.724 0.003 0.028 0.879
BMI (kg/m?) —-0.527 0.053 0.238 0.189
Fat mass (%) —0.531 0.050 —0.031 0.865
Fat mass (kg) —0.392 0.165 0.146 0.425
Free fat mass (%) 0.387 0.171 0.031 0.865
Free fat mass (kg) 0.798 0.001 0.365 0.040
Visceral fat (cm) —0.658 0.010 —-0.314 0.080
Subcutaneous fat (cm) —0.167 0.568 0.077 0.672
Glucose (mg/dl) —0.327 0.253 0.195 0.284
Insulin (uU/ml) —0.730 0.003 —0.066 0.718
HOMA-IR —0.705 0.005 —0.036 0.843
Leptin (ng/dl) —-0.310 0.280 0.040 0.827
Bone mineral content

Age (year) 0.369 0.194 0.467 0.007
Body mass (kg) —0.052 0.858 0.379 0.032
Heigth (m) 0.731 0.003 0.312 0.082
BMI (kg/m?) —0.504 0.066 0.279 0.122
Fat mass (%) —0.492 0.074 —0.147 0.419
Fat mass (kg) —0.356 0.211 0.143 0.434
Free fat mass (%) 0.341 0.233 0.147 0.419
Free fat mass (kg) 0.815 0.000 0.618 0.000
Visceral fat (cm) —0.613 0.020 —0.324 0.070
Subcutaneous fat (cm) —0.237 0414 0.102 0.577
Glucose (mg/dl) —0.341 0.233 0.186 0.306
Insulin (uU/ml) —0.747 0.002 0.070 0.702
HOMA-IR —-0.724 0.003 0.098 0.593
Leptin (ng/dl) —0.343 0.230 —0.024 0.893

BMI Body mass index, BMD Bone mineral density, BMC Bone
mineral content, HOMA-IR Homeostasis model assessment insulin
resistance index

With respect to anthropometric variables important to
bone mineralization in adolescence, there are conflicting
results regarding the influence of body height, body mass
and BMI on BMD in different populations studied. Jiiremée
et al. [28] verified associations between anthropometric
variables and BMD, but effects were dependent on innu-
merable variables such as age and physical activity. Simi-
larly, the present study did not find any correlation between
body mass, BMI, and fat mass and BMD. Low body mass
has been declared to be a significant risk factor in the
development of osteoporosis; on the other hand, obesity has
been mentioned as a significant confounder of BMD [29].
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Several reports have demonstrated a correlation between
BMC and fat mass in obese children, although their results
seem controversial [17, 19]. On the other hand, it seems
quite clear that lean mass is the best primary predictor of
BMC and BMD in obese children [6, 30]. Similar to pre-
vious reports, we showed a strong positive correlation
between free fat mass, BMD and BMC.

Previous studies verified that lean body mass and fat
mass had significant correlation with insulin sensitivity, it
having been demonstrated that insulin enhances osteoblast
proliferation and collagen production, but it is unclear if
this action is impaired in patients with increased insulin
resistance [31, 32]. In fact, in the present study only in girls
did we see a positive correlation between FFM and insulin
concentration (r = 0.28; P < .036). Studies have reported
increased, decreased or unchanged BMD in diabetic and
post-menopausal females compared with normal glucose
tolerance [31, 33].

An interesting result observed in the present study is that
insulin levels and HOMA-IR were negatively correlated
with BMD. In fact, it was observed in obese adolescents
with metabolic syndrome that all of them presented insulin
resistance and increased visceral and hepatic fats [34, 35].

Thus, it is hypothesized that patients with insulin
resistance in the metabolic pathway exhibit resistance to
skeletal action, causing an impairment in the IGF-I axis
modulated by this hormone, leading in the later to a low
BMD as observed in obese children after puberty. However
a positive correlation between BMD and the fasting insulin
level and HOMA-IR was found [36].

We are in agreement with Afghani et al. [6] who have
concluded that type 2 diabetes and the hyperinsulinemic
state typically associated with obesity and insulin resis-
tance in these patients could cause low body mass (inde-
pendent of body size) and that this relationship is possibly
mediated by deficiency in insulin like growth factors.
Studies have found low, normal and high IGF-1 levels in
obese subjects [37-40]. Whether or not obese children and
adolescents have abnormal IGF-1 levels should be inves-
tigated in longitudinal studies of this population.

Another hypothesized underlying mechanism is that
osteoporosis is common associated with various inflam-
matory conditions. It is known that pro-inflammatory
cytokines up-regulate receptor activator of nuclear factor-
kf ligand, leading to increased bone resorption and oste-
oporosis. C-reactive protein (CRP) is a systemic inflam-
matory marker regulated by cytokines such as IL-1, IL-6
and TNF-a. Some have suggested that an elevated CPR is
associated with osteoporosis. Finally, the systemic
inflammation related to a metabolic syndrome might acti-
vate bone resorption and lead to reduced BMD [41].

In a recent study it was demonstrated that, considering
total body weight and lean mass of obese children and
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Fig. 1 Regression linear

analysis of BMD adjusted for 50
body mass as dependent

variable in obese adolescents 45 |
boys

Leptin (ng/dL)

r=-0.53 p=0.039

~

0 L
0,008 0,009

Table 3 Simple correlation coefficient between free fat mass and
biochemical parameters in obese adolescents

0,011 0,012 0,013 0,014 0,015

BMD adjusted for body mass

0,010

| o _95% confidence

Table 5 Multiple regression analysis of BMC as dependent variable
in obese adolescents

Boys (n = 41) Girls (n = 68) Variables Model R? P
r P r P Boys
Free fat mass (kg) Free fat mass (kg) 1 0.8150 0.0003
Insulin (uU/ml) —0.718 0.66 0.276 0.036 Insulin (wU/ml) 2 0.8986 0.0154
HOMA-IR —0.118 0.491 0.262 0058  Girls
Leptin (ng/dl) 0.031 0.866 0.056 0.698 Free fat mass (kg) ! 0.6182 0.0001
- - - - - Visceral fat (cm) 2 0.6901 0.0300
HOMA-IR Homeostasis model assessment insulin resistance index BMI (kg/mz) 3 07031 03236

Table 4 Multiple regression analysis of BMD as dependent variable
in obese adolescents

Variables Model R? P
Boys

Free fat mass (kg) 0.7988 0.0006
Visceral fat (cm) 2 0.8984 0.0099
BMI (kg/m?) 3 0.9144 0.2124
Girls

Free fat mass (kg) 1 0.3653 0.0397
Visceral fat (cm) 2 0.4750 0.0735
Height (m) 3 0.5647 0.0602
Subcutaneous fat (cm) 4 0.6022 0.1843

BMI Body mass index

adolescents, these skeletal responses were not sufficient to
compensate for the excess load on the whole body [15].
Thus, it is important to control obesity in childhood in
order to prevent low BMD after puberty, showing that

BMI Body mass index

multidisciplinary therapy of obesity is essential to con-
tribute to bone health. Indeed, it was observed in obese
adolescents that BMC continues to increase during weight
loss and remains higher than that observed in a reference
group. These results suggest that to optimize the health
benefits of weight loss among obese adolescents, their bone
health should be better understood and addressed [17].

A relevant study showed that physical activity is an
important behavior of children’s bone development, par-
ticularly as a potentially modifiable determinant of peak
bone mass, including a contribution to improving insulin
levels, HOMA-IR, and free fat mass. These data reinforce
that the essential role of activity’s impact on bone health is
central to developing primary prevention strategies for
osteoporosis [27].

The identification of leptin as a major hormonal product
of the adipocyte has raised the possibility that this peptide
may contribute to fat mass/bone density. However, an
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association seen in human cross-sectional studies does not
establish causality [1]. In this study, linear regression
analysis showed in boys that serum leptin is inversely
associated to BMD adjusted for body mass (r = —0.53;
P < 0.05) (Fig. 1). This results are in agreement with
Morberg et al. [1], who observed the same results in two
groups of middle-aged men with very different weight
histories in childhood and young adulthood: fasting serum
leptin was negatively associated with BMD adjusted for
body weight, indicating that an increase in serum leptin
concentration, independent of body size, may be inversely
associated with BMD.

However, Zhong et al. [42] suggested that serum leptin
concentration was not a direct determinant of BMD. In
human beings, positive, negative or no associations
between serum leptin levels and BMD have been reported
[43-45]. The relationship between leptin and bone is a
complex one, with a diverging effect depending on whether
central or peripheral mechanisms are operating [46].

Cross-sectional studies of the relationship between lep-
tin and BMD in humans provide data that are not very
conclusive. Thomas et al. [47], were the first to publish the
hypothesis of an association between serum leptin levels
and BMD in men, and concluded that fat mass and leptin
are weakly and inconsistently predictive of BMD in men.
However, this study did not include obese subjects.

The present study has limitations: the sample size was
not large enough. However, the study has some strengths.
Leptin levels in the obese subjects spanned a wider range
than previously reported [10, 45], thus allowing the
investigation of the association between leptin and mineral
metabolism across a spectrum. Finally, all female subjects
were normally cycling, which excluded any confounding
effect of irregular menses on bone metabolism.

In conclusion, there is a dichotomy in the impact of
body composition parameters and leptin, insulin levels and
insulin resistance on bone parameters in obese Brazilian
girls. Data from the present study support the hypothesis
that leptin, insulin and HOMA-IR are inversely associated
with BMD and play a significant direct role in bone
metabolism.
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