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Abstract

Objectives: Bone mass progressively increases to peak dur-
ing childhood andadolescence,which determines future bone
health. Bone formation–resorption processes are assessed
using bone markers. However, studies on the impact of
obesity on bone turnover markers at this age are limited, and
results are inconsistent. The objective of this study was to
examine the potential impact of overweight/obesity on bone
metabolism.
Methods: A studywas performed to compare parameters of
bone metabolism in 45 girls and boys with normal weight
(controls) and in a group of 612 girls and boys with

overweight/obesity (cases) from the Exergames study (Uni-
versity of Zaragoza). Ages ranged from 8 to 12 years.
Results: Higher values of phosphorus and IGFBP-3 were
observed in children with overweight/obesity, as compared
to children with normal weight, (p=0.042) and (p=0.042),
respectively. BAP, osteocalcin, magnesium, vitamin D and
IGF-I concentrations were lower in the group with over-
weight/obesity, whereas calcium concentrations were higher
in this group, although differences were not statistically sig-
nificant. Anegative correlationwas found (r=−0.193) (p=0.049)
between BAP and BMI.
Conclusions: Although differences did not reach statistical
significance, BAP and osteocalcin concentrations were
lower in children with overweight/obesity. This added to
the negative correlation found between BAP and MIC may
demonstrate that overweight/obesity may negatively affect
bone health already at a young age.
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Introduction

Obesity during childhood affects the onset of both, develop-
ment and pubertalmaturation, whichmay have an impact on
early puberty and sexual development. Thus, obesity induces
precocious puberty and early development of secondary
sexual characteristics in the two sexes [1].

The prevalence of obesity in children and/or adolescents
has increased in European countries in the last decades [2].
This condition is a serious public health problem worldwide
and is associated with a higher risk for cardiovascular dis-
eases and diabetes mellitus type 2 [3]. According to the
ALADINO 2019 study [4] and other studies [5, 6], although the
prevalence of obesity and overweight in children remains
stable, it is very high, reaching 20 % in 6-to-12-year-old
children.

The bone is a metabolically-active tissue that hosts bone
formation and resorption processes, which occur simulta-
neously and at different sites [7]. During childhood and
adolescence, bone metabolism increases to adapt to skeletal
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growth needs. As a result, bone mass increases to peak,
which is known as “peak bone mass” [8], which determines
future bone health. The age at peak bone mass varies as a
function of different factors, including sex and genetic fac-
tors. In general, it is estimated that children reach their peak
bone mass at 18–23 years [8]. A low bone mass involves a
higher risk for fractures and predisposes subjects to bone
diseases such as osteoporosis [9].

However, studies examining bone metabolism in chil-
dren with obesity and overweight are limited, and results
are inconsistent. In some studies, children and adolescents
with overweight/obesity had a reduced bone mass [10]. In
contrast, bone mineral density (BMD) was found in other
studies to be higher in children and adolescents with over-
weight/obesity, as compared to children with normal weight
[11]. In the former case, the impact of a higher BMD in
childhood on bone health in adulthood is unknown.

Bone turnover markers are a series of substances pro-
duced during bone remodeling. These markers measure the
products generated during the formation and degradation
of the bone matrix, and can be determined either in serum
and urine. Repeated measurements at short time intervals
enable serial evaluation of bone turnover; moreover, they
provide dynamic, fact-based information on skeletal health.
In children, it is necessary to estimate growth rate and
pubertal development to correctly interpret results [12].
Some of the most widely used markers of bone remodeling
include osteocalcin and bone alkaline phosphatase (BAP),
which indicate bone formation. Markers of bone resorption
include β-CrossLaps (β-CTx) and C-terminal telopeptide of
type-I collagen (CTx).

In relation to bone remodelingmarkers in childrenwith
overweight/obesity, results are inconsistent. In some studies,
concentrations of bone markers were found to be lower in
obese children, as compared to children with normal weight
[13, 14]. In contrast, in other studies, concentrations of bone
remodeling markers were observed to be similar in obese
children and in children with normal weight [15].

Other studies provide evidence of an association
between obesity and some inflammatory markers, such as
interleukin-6 (IL-6), C-reactive protein (CRP), and tumor
necrosis factor-α (TNF-α). Some of these markers reduced
BMD, whereas others improved bone calcium build up [16].

The objective of this study was to evaluate parameters
of bone metabolism in 8- to 12-year-old children with
normal weight, as compared to children with obesity or
overweight from Zaragoza. The sample of children with
overweight/obesity was taken from the Exergames study
cohort. Parameters of bone metabolism included bone
remodeling markers, namely, osteocalcin and bone alka-
line phosphatase (BAP), vitamin D, calcium, magnesium,

insulin-like growth factor binding protein 3 (IGFBP-3), and
somatomedin C (IGF-I). A secondary objective was to evaluate
whether overweight/obesity influences these parameters.

Materials and methods

An observational case-control study was performed in Zaragoza, Ara-
gon, Spain. The control group was composed of 59 girls and boys with
normal weight undergoing minor surgery (cryptorchidism, phimosis,
trauma, among others). After a review of medical records, patients with
confirmed disease and/or overweight/obesity identified according to the
International Obesity Task Force (IOTF) criteria [17] were excluded.

The final control sample included 45 children.
The case group was composed of 61 girls and boys with overweight

or obesity (estimated based on their BMI and according to the cut-off
points established by Cole et al. [17], adjusted for age and height, with
an equivalent BMI of 25 and 30 kg/m2 for overweight and obesity,
respectively).

The case group was composed of children from the cohort of the
Exergames study carried out by the University of Zaragoza.

The two groups included 8- to 12-year-old children living in the
autonomous community of Aragon that hadnot experienced the onset of
pubertal development, or menarche in girls (Tanner stages I and II).
Children who were using vitamin D supplementation or had diseases or
treatments that can influence the study parameters (bone, metabolic,
chronic diseases, acute infection, anorexia nervosa) were excluded.
Patient selection outflow is shown in Figure 1.

Parents received a patient information sheet and all signed the
informed consent form. Then, a short questionnaire was administered
to collect epidemiological and clinical data (Supplementary Material,
Annex 1). Anthropometric data was collected [weight, height and body
mass index (BMI)] and a physical examination was performed. Next, a
fasting blood test was carried out to measure the parameters of interest
and evaluate bone metabolism.

Blood samples were collected early in the morning after over-
night fasting in serum-separator gel tubes. Calcium, phosphorus, and
magnesium were measured in serum using spectrophotometric tech-
niques on an AU 5800 autoanalyzer (Beckmann Coulter Miami, FL,
USA). Osteocalcin, IGFBP-3, and IGF-I were determined automatically
by electrochemiluminescence immunoassay on a Cobas e411analyzer
(Roche Diagnostics, Spain). BAP concentration was determined using a
manual ELISA assay followed by spectrophotometric reading. Vitamin
D concentration was measured by automated immunoassays on an
Architect i1000SR analyzer (Abbott Diagnostics, USA).

This study complies with all national regulations, institutional
policies, and the ethical tenets of the Declaration of Helsinki and was
approved by the Ethics Committee of the Autonomous Community of
Aragon (CEICA).

Statistical analysis was performedwith the IBM SPSS Statistics 26.0
software package.

Firstly, the Kolmogorov–Smirnov Lilliefors (KSL) test was used to
examine the distribution of quantitative anthropometric variables.

Parametric quantitative variables (KSL, p>0.05) were presented as
means and standard deviation, whereas non-parametric quantitative
variables (KSL, p≤0.05)were expressed asmedian and interquartile range.

Normally-distributed anthropometric and biochemical variables
were compared using Student’s t-test when variances in the two groups
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were homogeneous or Welck test for non-homogeneous variances.
Differences in non-normally distributed variables were examined using
Mann Whitney U test.

A similar statistical analysis was performed using the tests
described above to determine the suitability of the two study groups in
terms of age, height and BMI, assessing whether they were comparable.

To assess the correlation between biochemical parameters and
BMI, age, and sex, the KSL test was first performed on the whole sample
to assess the normality of variables. If the variable followed a normal
distribution, Pearson coefficient of correlation was determined. In the
case of dichotomous variables (as in the case of sex), Kendall’s tau-b test
was performed. Level of significance was set at a p-value <0.05.

Results

Anthropometric data and the most significant results of the
questionnaire are shown in Table 1. No statistically signifi-
cant differences were observed in terms of age between
groups. The proportion of girls and boys, as well as results,
was similar in the two groups (55.7 % of boys in the case
group vs. 64.4 % in the control group, p=0.064). The number
of bone fractures was also similar in the two groups, and
only a boy in the case group had sustained repeated frac-
tures (two fractures at different sites). Likewise, the preva-
lence of recurrent infections was similar in the two groups.

Laboratory results and statistical analysis test results
are shown in Table 2.

The group of children with overweight/obesity showed
significantly higher phosphorus and IGFBP-3 concentra-
tions, as compared to children with normal weight (p<0.042
and p<0.042, respectively). BAP, osteocalcin, magnesium,

vitamin D and IGF-I concentrations were lower and calcium
was higher in the case group. However, statistical tests
revealed that concentrations were comparable between the
two groups for a 95 % confidence interval.

There were statistically significant sex-based differ-
ences in BAP and IGF-1 concentrations, with girls showing
higher values, p <0.05.

Girls with overweight/obesity showed significantly
higher IGFBP-3 concentrations, p=0.026.

Boys in the case group showed significantly higher
phosphorus concentrations (p=0.016) as compared to con-
trols, with no statistically significant differences in girls.

Figure 2 shows differences between groups in study
parameters by percentile.

The correlation between the different biochemical pa-
rameters and BMI, age and sex are shown in Table 3. BMI
was found to be negatively correlated with BAP and posi-
tively correlated with IGFBP-3. Additionally, a positive cor-
relationwas observed between age and BAP and osteocalcin.
In girls, there was a positive correlation between female sex
and BAP, IGFBP-3 and IGF-I.

Figure 3 describes the correlation between BMI and
BAP, osteocalcin, IGFBP-3 and IGF-I, and between age and
osteocalcin and BAP.

Discussion

Reaching an adequate bone mass in childhood prevents
osteoporosis in adulthood. In addition, some prospective

Study of bone metabolism in children with normal weight and with overweight/obesity

Control group (normal
weight) 45 pa ents

Case group (overweight/ obesity)
61 pa ents

- Exclusion for diseases (1 pa ent with
diabetes mellitus type 1)

- Exclusion a er BMI es ma on and use of 
IOTF criteria for normal weigh (13 
children with overweight/obesity)

Inclusion criteria:

Age: 8-12 years

Tanner stage I or II (No menarchy) 

No medica ons interfering bone metabolism

Exclusion for absence of 
overweight/obesity according to IOTF

Boys and girls undergoing minor surgery. Age: 
8-12 years. Tanner I or II. No menarchy in girls. 
No medica ons interfering bone metabolism. EXERGAMES study (University of Zaragoza)

Figure 1: Selection of children with normal weight (control group) and children with overweight/obesity (case group).
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studies reveal an association between muscle fat and
reduced muscle function, which may negatively affect
growth. For this reason, understanding the impact of
obesity on bone metabolism is of great interest.

Evidence has been provided that children with over-
weight/obesity have a higher bone mineral density than
their counterparts with normal weight. However, some

studies reveal an increased risk for limb fractures in chil-
dren with overweight/obesity, which suggests poor bone
quality [18].

In children with overweight/obesity, bone quality is
influenced both, by inflammatory immunomodulatory cy-
tokines and by the mechanical overload of the bone, as
adipose and bone tissue are metabolically active, clearly-

Table : Most significant anthropometric parameters of the questionnaire administered to children with normal weight and overweight/obesity.

Overweight/obesity (n=,  boys
and  girls)

Normal weight (n=,  boys
and  girls)

Statistical significance
(test)

Levene test
p-value

Total Limits Normality
testsc

Total Limits Normality
testsc

Age, years .±.a (.–.) . .±.a (.–.) . . (Welch) .
Weight, kg .

(.)b
(.–.) . .±.b (.–.) . <. (U Mann–Whitney) –

Size, cm ±a (–) . ±a (–) . <. (Student t) .
BMI . (.)b (.–.) . .±.b (.–.) . <. (Mann–Whitney U) –

Median Limits Median Limits

Weight Z-score . (−.–.) – . (−.–.) – – –

Size Z-score −. (−.–.) – . (−.–.) – – –

BMI Z-score −. (−.–.) – . (−.–.) – – –

Total IC % Total IC %

Fractures (patient%) . (.–.) – . (.–.) – . (Pearson Chi squared) –

Recurrent infections
(patient%)

. (.–.) – . (.–.) – . (Pearson Chi squared) –

aMean±standard deviation; bmedian (interquartile range); cKolmogorov–Smirnov–Lilliefors test.

Table : Type of distribution and comparative study of biochemical parameters in children with normal weight and children with overweight/obesity.

Parameters Overweight/obesity Normal weight Statistical
significance

(test)

Levene test
p-value

Value Normality
testsc

Value Normality
testsc

BAP, U/L .±. (.–.)a . .±. (.–.)a . . (Student t) .
Osteocalcin, ng/mL .; . (.–.)b . .; . (.–.)b . . (U de

Mann–Whitney)
–

Calcium, mg/dL .; . (.–.)b . .; . (.–.)b . . (U de
Mann–Whitney)

–

Phosphorus, mg/dL .; . (.–.)b . .; . (.–.)b . . (U de
Mann–Whitney)

–

Magnesium, mg/dL .; . (.–.)b <. .; . (.–.)b . . (U de
Mann–Whitney)

–

Vitamin D, nmol/L .±. (.–.)a . .±. (.–.)a . . (Student t) .
IGFBP-, μg/mL .±. (.–.)a . .±. (.–.)a . . (Student t) .
IGF-I, ng/mL .;  (.–.)b <. .;  (.–.)b . . (U de

Mann–Whitney)
–

aMean±standard deviation (% CI); bmedian; interquartile range (Q–Q); cKolmogorov–Smirnov Lilliefors test. Bold values refer to the parameters
where statistical significance tests showed a statistically significant difference between the two groups at a  % confidence level.
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interconnected tissues [19]. Likewise, there is experimental
evidence in animal models revealing that replacement of
bone marrow with adipose tissue promotes low-grade
inflammation, thereby reducing osteoblastic activity and
promoting osteoclastic activity.

To evaluate bone formation, we selected BAP and osteo-
calcin, as they are some of the most widely-used markers of
this process. Consistently with the results obtained by Saber
et al. [15] in children of 7.55±3.34 years, our study showed
that osteocalcin concentrations were similar in the two

groups, and revealed higher phosphorus concentrations in
boys with overweight/obesity. In the study by Mosca et al.
[20], no statistically significant differences were found in
osteocalcin concentrations between children of 10–13
years with normal weight and children with overweight/
obesity.

In contrast, other authors report lower concentrations
of bone markers in children with overweight/obesity, as
compared to children with normal weight [13, 14]. Other
studies reveal higher concentrations in obese children [21].

Figure 2: Percentiles of bone parameters of children with normal weight and children with overweight/obesity. (A) BAP, (B) osteocalcin, (C) calcium,
(D) phosphorus, (E) vitamin D, (F) IGFBP-3, (G) IGF-I.
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In our study, differences only reached statistical signif-
icance in phosphorus and IGFBP-3 concentrations, which
were higher in children with overweight/obesity. However,
these children also showed lower BAP, osteocalcin, magne-
sium, vitamin D and IGF-I concentrations, although differ-
ences were not statistically significant.

Phosphorus concentrations were higher in the case
group, as compared to controls (p<0.042). Around 10 % of
children in the case group had values above the upper limit
of normality (3.7–5.6 mg/dL, for ages of 4–11 years) [22],
whereas all controls showed concentrations within the
range of reference.

The higher phosphorus and IGFBP-3 concentrations
observed in children of 8–12 years with overweight/obesity
indicate a higher growth rate in these children. Indeed,
children in the case group had a higher height than controls.

Notably, no statistically significant differences were
observed between the two groups in calcium and vitamin D
concentrations, which are associated with phosphorus con-
centrations [23].

The evidence provided in the literature on calcium con-
centrations is inconsistent. Thus, some studies show higher
calcium concentrations in obese children [24], whereas others
report no significant differences [25].

In the two studies, vitamin D concentrations were lower
in obese children, as compared to children with normal
weight. A meta-analysis performed in 2020 revealed that the
relative risk for an association between obesity and vitamin
D deficiency was 1.41 (95 % CI: 1.26–1.59) [26]. This finding
suggests that children and adolescents with overweight
and obesity are at a higher risk for vitamin D deficiency.

In our study, although differences were not significant
between the two groups, controls exhibited slightly higher
vitamin D concentrations in all percentiles, as shown in
Figure 3. In relation to the association between bone
markers and BMI, most studies exclude a correlation
between osteocalcin and BMI [15, 27], which is consistent
with our results. In agreement with our study, Cao et al. [28]
documented in 2022 a negative correlation between BAP
and BMI.

The evidence available about the association between
bone metabolism in children with overweight/obesity is
limited and, in some cases, inconsistent. On the one hand,
Gajewska et al. conducted a study in 2015 [29] and found that
IGF-I was higher in obese children, as compared to children
with normal weight; moreover, total IGFBP-3 concentrations
were similar in the two groups. In contrast, another study
carried out in 2021 by Czogala et al. [30] showed similar IGF-I
concentrations between groups, which is consistentwith our
results.

As mentioned above, the evidence available on bone
markers in children with normal weight and with over-
weight/obesity is limited. Further studies are required to shed
light on the controversial results available in the literature
and in our study. Longitudinal studies would help identify
changes in the correlation between bone markers and adi-
pose tissue when children with normal weight gain too much
weight. These studies would also be useful to determine the
underlying cause of changes in the hormones that regulate
these processes.

Apparently, calciotropic hormones, which finely
regulate mineral metabolism, are influenced by hormonal

Table : Correlation of biochemical parameters with age, sex and body mass index.

Parameter Significance of
normality testa

Correlation with BMI Correlation with age Correlation with sexb

Correlation
coefficient r

Statistical
significance

Correlation
coefficient r

Statistical
significance

Correlation
coefficient r

Statistical
significance

Age . – – – – – –

IMC <. – – – – – –

BAP . −. . . . . .
Osteocalcin . −. . . . . .
Calcium . . . . . . .
Phosphorus . . . −. . . .
Magnesium <. −. . −. . −. .
Vitamin D . −. . −. . . .
IGFBP- . . . . . . .
IGF-I <. . . . <. . .

aKolmogorov–Smirnov Lilliefors test;bif the correlation is positive, it means that the value of the parameter is greater in girls than in boys, whereas a
negative correlation means greater values in boys. Bold values represent those parameters where the correlation coefficient is statistically significant at a
% confidence level.
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factors directly involved in energy metabolism. There is
robust evidence on the interrelationship between leptin,
calciotropic hormones and bone turnover markers. These
associations demonstrate themajor role that adipose tissue
plays in the skeleton and bone metabolism.

We expect to perform a larger study that separates
children with overweight from children with obesity. Our
research group also plans to measure some hormones that
may be related to obesity to assess their influence on bone
metabolism. Some of these hormones include leptin, the

Figure 3: Correlation of bone metabolism parameters and IGFBP-3 with BMI and age. (A) Osteocalcin, (B) BAP, (C) IGFBP-3, (D) IGF-I, all with respect to
BMI, (E) osteocalcin and (F) BAP, both with respect to age.
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parathyroid hormone (PTH), and bone resorption markers
(β-CTX or ICTP), among others.

In conclusion, children with overweight/obesity
showed higher phosphorus and IGFBP-3 concentrations, as
compared to children with normal weight. This means a
higher growth rate in the former, although differences
did not reach statistical significance. BAP and osteocalcin
concentrations were lower in the case group. This added to
the negative correlation observed between BAP and BMI
may indicate that overweight/obesity may have deleterious
effects on bone health already at a young age.

Research ethics: This study complies with all national
regulations, institutional policies and ethical principles of
the Declaration of Helsinki, and was approved by the
Research Ethics Committee of the Autonomous Community
of Aragon (CEICA).
Informed consent: Informed consent was obtained from all
individuals included in this study, or their legal guardians or
wards.
Author contributions: The authors have accepted
responsibility for the entire content of this manuscript
and approved its submission.
Competing interests: The authors state no conflict of
interest.
Research funding: None declared.
Data availability: Raw data can be obtained on request from
the corresponding author.
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