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Abstract
Background Growing evidence suggests that childhood obesity 
has an impact on bone metabolism. Its entails of bone resorption, 
destruction of mature mineralized bone by osteoclasts followed 
by ossification, bone formation by osteoblasts, to maintain the 
dynamic nature of bone. Serum C-telopeptide of collagen cross-
links (CTX) is considered a bone resorption marker while serum 
procollagen type I N-propeptide (PINP) is considered abone 
formation marker. Previous studies have reported the abnormality 
of these bone turnover marker  in obese children.
Objective To compare bone turnover markers and bone mineral 
density (BMD) in obese prepubertal children to those of normo-
weight children.
Methods Bone metabolism was evaluated by measuring serum 
PINP as a bone formation marker and CTX level as a bone re-
sorption marker by enzyme-linked immunosorbent assay. We used 
dual-energy X-ray absorptiometry (DEXA) scan to evaluate BMD 
in 60 prepubertal children with obesity and 30 healthy prepubertal 
normoweight children.
Results The CTX was significantly higher in the case group 
compared to the control group (P=0.001).  The case group also 
had significantly lower mean BMD (P=0.001) and BMD Z-score 
(P=0.001).  C-telopeptide of collagen cross-links in the case 
group had significant positive correlations with waist circumfer-
ence (P=0.001), BMI (P=0.001), and BMI Z-score (P=0.001). 
Significant negative correlations were found between waist 
circumference, BMI, and BMI Z-score with procollagen type I 
N-terminal propeptide, BMD, and BMD Z-score. 
Conclusion Obesity has a negative impact on bone health. Low  
BMD was associated with high CTX in prepubertal  
obese children. [Paediatr Indones. 2024;64:473-82;  DOI: 
https://doi.org/10.14238/pi64.6.2024.473-82 ].
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Over the last three decades, the global 
public health burden of childhood obesity 
has increased. When overweight status 
continues into maturity, the chance 

of acquiring chronic illnesses at a young age rises 
dramatically.1

Bone structure and quality in young people with 
obesity result from the cumulative effects of immune-
modulating and pro-inflammatory cytokine release as 
well as mechanical overload.2,3 Waist circumference 
reflects visceral obesity, which is linked to lower 
bone mass density (BMD), implying that fat, notably 
visceral fat, is unfavorable to bone mass.4

 For ossification, bone formation by osteoblasts, 
procollagen units are broken down into procollagen 
type I N-propeptide  (PINP) and procollagen type-I 
C-terminal peptide (PICP) prior to type I collagen 
molecules being assembled into fibers.5,6 serum 
contains two different forms of PINP: low-molecular-
weight monomeric peptides and trimeric "intact" 
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peptides.6 Three factors explain why bone accounts 
for most of the serum PINP and PICP: 90% of proteins 
that make up bone structure are type I collagen; the 
skeleton is heavier than other tissues that contain type 
I collagen and has a faster metabolic rate. Therefore, 
there is a substantial correlation between bone 
formation indices and serum PINP and PICP levels.7 

For bone resorption, destruction of mature 
mineralized bone in healthy children. The bone 
matrices that comprise a mature individual type I 
collagen's triple helices are broken down by osteoclast-
derived tartrate-resistant acid phosphatase (TRAP) 
and cathepsin K, liberating fragments that include 
carboxy telopeptides (CTX) and amino telopeptides 
(NTX).8 The CTX has grown in popularity as a 
biomarker for examining osteoclastic bone resorption 
activity because it can be quantified in serum samples 
using automated chemistry analyzers.9,10 

Dual-energy radiograph absorptiometry (DEXA) 
scan can be used to evaluate the pediatric bone mineral 
density (BMD). In young people, the lower spine (L1-
4) and the entire body, excluding the head, are the 
preferred skeletal sites for DEXA measurements.11,12 

According to guidelines, children's BMD needs to be 
corrected for height or age, or it can be juxtaposed to 
reference data using age-, gender, and height-specific 
Z-scores. In children, BMD Z-score that is < 2.0 
standard deviation is considered low for age.11,12

Growing evidence implies that pediatric obesity 
influences the condition of bones. Thus, the study's 
goals were to compare CTX and PINP as bone 
turnover markers and BMD in obese children to 
those of normoweight children to assess the impact of 
obesity on bone metabolism in prepubertal children. 
We also analyzed for correlation between CTX, 
PINP, BMD, with body mass index (BMI) and waist 
circumference (WC) in obese children. 

Methods

A case-control study was conducted in the Pediatric 
Tanta University Hospital from October 2022 to May 
2023. In the case group, prepubertal obese children 
aged 5-10 years with BMI <95th percentile for 
minimum 6 months, and on an unrestricted diet were 
included. The control group was similar composition, 
normoweight children with BMI 5th-85th percentile. 

Egyptian growth curves were used for height, weight, 
and BMI  calculation.13 Exclusion criteria include 
hormonal disorders, inheritable conditions, chronic 
illnesses that might impair their growth, development, 
and pubertal maturation, on medications that 
impact bone health (calcium supplementation, 
vitamin D, antiepileptics, bisphosphonates, or steroid 
compounds), bone fractures or other bone diseases, 
acute illnesses causing inflammatory changes, and/or 
pubertal development.

All subjects underwent complete history taking 
and medical checkups including anthropometric 
measurements, using standard equipment in 
accordance with the International Biological 
Program's recommendations.14 The mean of three 
subsequent readings was used for every measurement. 
A Seca scale was used to determine body weight while 
a Harpenden stadiometer was used to measure body 
height.15

Height (HT) Z-score and weight (WT) Z-score 
were calculated as the number of standard deviations 
of the actual height or weight of a child from the 
median height or weight of the children of his/her 
age as determined from the standard sample. This is 
prefixed by a positive sign (+) or a negative sign (-) 
depending on whether the child's actual height or 
weight are more than the median height or weight 
or less than the median height or weight. From -2 to 
+2 Z scores are classified as in range of median height 
or weight.  More than +2 Z scores are classified as 
more than the median height or weight. Less than -2 
Z scores are classified as less than the median height 
or weight.16 Children were considered obese for BMI 
≥95th percentile.17 Waist circumference (WC) was 
measured in the midaxillary line halfway between 
the inferior margin of the ribs and the top of the hip 
bone.18 Children were classified as prepubertal by 
direct examination using Tanner's staging criteria. One 
qualified investigator carried out Tanner's pubertal 
staging.19,20 

Between 8:00 and 10:00 a.m., peripheral blood 
specimens were taken from the antecubital vein while 
subjects were prone and placed into one EDTA tube 
and two serum tubes containing a clot activator. 
The blood was then centrifuged at 3000 RPM for 
15 minutes. Alkaline phosphatase, serum ionized Ca 
and inorganic phosphorus (Ph), parathyroid hormone 
(PTH), and 25(OH) vitamin D levels were all 
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measured on the same day as collection. The second 
serum sample was stored at -20oC until they were 
tested for PINP and CTX.

Diestro electrochemical detector with ISE 
calibrating package from Diestro, Argentina (catalog 
# IN0100) was used to determine serum ionized Ca. 
A KONELAB PRIME 60i was used to detect serum 
inorganic Ph and alkaline phosphatase (ALP) using 
reagents from Thermo Fisher Scientific Oy-Finland 
(catalog #: TR30026 and TR11320, respectively).  
Normal range of serum Ph in children was  
4.5-6.5 mg/dL.21 Vitamin D and PTH were measured 
using an automated chemistry analyzer (Cobas 6000) 
with ROCHE Diagnostic kits (REF: 07464215 190 and 
11972103122, respectively). Sun Red Human PINP 
ELISA kits (catalog #201-12-1351) and Sun Red 
Human CTX-I ELISA kits (catalog #201-12-1350) 
were used to measure the concentrations of PINP and 
CTX, respectively.

Bone mineral density and BMD Z-score were 
measured in the lumbar spine using a DEXA scan 
on a Lunar DPXIQ-USA with pediatric software 4.5. 
Subjects’ DEXA scans were performed on the same 
machine and analyzed by one radiology technician. 
Standard body positioning techniques were used to 
take the measurements. 

Power analysis revealed that a sample size of 
51 children in the case group and 25 participants 
in the control group were necessary to achieve a 
power of 80% with alpha=0.05. SPSS software was 
used to process data. Chi-square test was used to 
compare qualitative data and student t-test was 
used to compare quantitative parameters. Pearson’s 
correlation test was used to assess the relationships 
between parameters. P values > 0.05 were considered 
to be statistically significant.

Results

The 60 prepubertal, consisted of 60 obese children in 
the case group and 30 normoweight children in the 
control group were followed this study. Obese subjects 
had a mean age of 7.11 (SD 1.38) years, and there 
were 31 females (51.7%) and 29 males (48.3%). The 
30 normoweight subjects had a mean age of 7.18 (SD 
1.41) years, and there were 14 males (46.7%) and 16 
females (53.3%) There were no significant differences 

in serum ionized Ca, serum Ph, and PINP between the 
two groups (P=0.207, 0.542, and 0.312, respectively). 
While vitamin D was significantly higher in the 
control group than in the case group, PTH, ALP, and 
CTX were significantly higher in the case group than 
in the control group (P=0.001). In addition, the case 
group mean BMD and BMD Z-score were significantly 
lower than those of the control group (P= 0.001 for 
both) (Table 1).

Table 2 shows that there were no significant 
differences in PINP (P=0.259), CTX (P=0.348), 
BMD (P=0.361), BMD Z-score (P=0.381) between 
male and female case subjects.

The BMI, BMI Z-score, and WC showed 
significant positive correlations with CTX. In 
addition, BMI, BMI Z-score, and WC had strong 
negative correlations with BMD, and BMD Z-score 
in the case group (Table 3 and Figures 1, 2, and 3).

In the case group, there were significant inverse 
associations between CTX and PINP, CTX and 
aBMD, and CTX and BMD Z-score. A strong positive 
correlation was found between PINP and BMD and 
PINP and BMD Z-score (Table 4). 

Discussion 

The effects of obesity on bone metabolism in 
prepubertal children were studied by comparing 
serum markers of bone turnover and BMD in obese 
and normoweight peers. Secondary objectives were to 
identify potential relationships between bone turnover 
indicators, BMD, BMI, and WC in obese children. 
In our investigation, the case group had significantly 
greater height, Ht Z-score, weight, Wt Z-score, BMI, 
and WC compared to the control group as expected. 

We found no significant differences in serum 
ionized Ca or serum inorganic Ph levels between the 
case and control groups. However, the case group had 
significantly higher PTH and ALP levels than the 
control group. Also, vitamin D level was significantly 
lower in the case group than in the control group.

Our results agreed with other research,22-26 

which reported that 25(OH)vitamin D levels were 
low in obese subjects and were inversely related to 
BMI and body fat percentage. This could be the 
result of vitamin D is sequestered in fat, so that it 
would decrease the concentration of vitamin D in 
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Table 1. Analysis of subjects’ demographic, bone markers, and BMD 

Characteristics 
Case  

(n=60)
Control  
(n=30)

P value

Age, years
     Range
     Mean (SD)

         5-9.5
       7.11 (1.38)

5-9.5
          7.18 (1.41)

0.820

Sex, n(%)
     Male 
     Female

29 (48.3)
31 (51.7)

  14 (46.7)
 16 (53.3)

0.881

Height, cm 
     Range
     Mean (SD)

     106-143
124.4 (8.97)

      105-129
    117.25 (6.51)

0.001*

HT Z-score
     Range
     Mean (SD)

     0.11-3.55
       1.55 (0.82)

       -1.22 - 1.55
        0.21 (0.76)

0.001*

Weight, kg
     Range
     Mean (SD)

       56.5-77
    65.13 (5.36)

        50-67
      57.30 (4.29)

0.001*

WT Z-score
     Range
     Mean (SD)

   2.1-3.99
        2.84 (0.480

      -1.22 - 1.66
        0.22 (0.82)

0.001*

BMI, kg/m2

     Range
     Mean (SD)

       20-32
     24.83 (3.89)

        14.8-19.1
        16.32 (0.92)

0.001*

BMI Z-score
     Range
     Mean (SD)

 2.1-3.5
       2.88 (0.44)

         -1 - 1
       -0.06 (0.63)

0.001*

Waist circumference, cm
     Range
     Mean (SD)

       63-79
     70.60 (4.54)

         49.7-64.9
         57.07 (4.35)

0.001*

Vit D, ng/mL
     Range
     Mean (SD)

  4.3-34.6
     18.95 (7.23)

        13.36-49.14
        26.81 (11.14)

0.001*

Parathyroid, pg/mL
     Range
     Mean (SD)

       66-102
      82.29 (10.75)

        51-87
        69.73 (10.51)

0.001*

Alkaline phosphatase, IU/L
     Range
     Mean (SD)

     350-682
    521.88 (95.65)

      250-498
     330.43 (67.21)

0.001*

Serum ionized calcium, mmol/L
     Range
     Mean (SD)

  1.2-1.32
      1.25 (0.03)

   1.2-1.32
       1.26 (0.04)

0.207

Serum Ph, mg/dL
     Range
     Mean (SD)

4.5-6.5
       5.45 (0.58)

  4.5-6.5
        5.37 (0.55)

0.542

PINP, ng/mL
     Range
     Mean (SD)

    155.77-1,643.1
    581.73 (335.66)

      193.9-1,782.26
    662.70 (395.18)

0.312

CTX ng/mL
     Range 
     Mean (SD)

 20.2-96.07
     54.15 (23.37)

        4.44-17.49
        7.80 (3.67)

0.001*

BMD, g/m2

     Range
     Mean (SD)

 -6.3 - -2.7
    -4.30 (1.13)

-1 – 1
        0.02 (0.54)

0.001*

BMD Z-score
     Range
     Mean (SD)

 0.5-0.71
     0.61 (0.07)

 0.74-1
        0.87 (0.07)

0.001*
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Table 2. Analysis of bone markers and BMD in the case group by sex

Variables
Male  

(n=29)
Female  
(n=31)

T-test P value

PINP, ng/mL
     Range
     Mean (SD)

181.22-1,643.1
  632.71 (361.12)

155.77-1,433.2
  534.03 (308.22)

1.141 0.259

CTX, ng/mL
     Range
     Mean (SD)

       20.2-88.16
 51.19 (22.96)

21.46-96.07
 56.91 (23.78)

0.947 0.348

BMD, g/m2
   Range
   Mean (SD)

        -6 - -2.7
-4.16 (1.12)

        -6.3 - -2.7
        -4.43 (1.15)

0.924 0.361

BMD Z-score
     Range
     Mean (SD)

0.51-0.71
  0.62 (0.07)

         0.5-0.71
         0.60 (0.07)

0.883 0.381

Table 3. Correlation coefficient analysis of BMI, BMI Z score, and WC with bone markers and BMD  in the 
case group 

Variables
BMI BMI Z-score WC

r P value r P value r P value

CTX 0.547 0.001* 0.630 0.001* 0.561 0.001*

PINP 0.038       0.724 0.036       0.737 0.117       0.273

BMD      -0.774 0.001*      -0.858 0.001*      -0.745 0.001*

BMD Z-score      -0.798 0.001*      -0.876 0.001* 0.776 0.001*
 

Table 4. Correlation coefficient analysis of bone markers and BMD in the case group

Variables
PINP CTX BMD

r P value r P value r P value

CTX      -0.937 0.001*

BMD 0.937 0.001* -0.999 0.001*

BMD-Z score 0.932 0.001* -0.984 0.001* 0.989 0.001*

the blood. Obesity has also been shown to reduce 
25(OH)vitamin D production by upregulating the 
expression of enzymes that negatively influence 
vitamin D metabolism. Parathyroid hormone levels 
rise when 25(OH) vitamin D levels drop below  
30 ng/mL.27 Nevertheless, other studies showed 
that leptin is the cause of hyperparathyroidism since 
it affects PTH either via endocrine or paracrine 
means.22,28 

Bone is a dynamic organ that is always changing 
and reshaping. Osteoblasts generate new bone, while 
osteoclasts break down existing bone.26 Therefore, 
bone health is impacted by a disparity between bone 
creation and resorption at any time.29

Obesity causes bone marrow stem cells to 
differentiate into adipocytes, increasing bone marrow 

cavities. As a result, bone fragility increases, and 
bone microcirculation decreases. Second, visceral 
fat is assumed to be an endocrine organ that secretes 
adipokines and cytokines such as interleukin 6 
(IL-6) and tumor necrosis factor alpha (TNF-α). 
There has been widespread agreement that IL-6 and 
TNF-α increase bone loss by enhancing osteoclast 
generation.5 Finally, physical activity is a fundamental 
physical trigger for bone formation, but obese children 
tend to lead less active lifestyles.30-33

Many studies, including ours, found that CTX 
levels were higher in obese children. PINP, on the 
other hand, was not significantly different between 
groups. The authors hypothesized that leptin would 
speed up bone degradation in obese subjects, resulting 
in a failure to gain bone mass efficiently.34,35
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Figure 1. Positive correlation between BMI and CTX in the case group 

Figure 2. Positive correlation between WC and CTX in the case group

We found that our case group had significantly 
lower BMD and BMD Z-scores than the normoweight 
control group. Similarly, a previous study discovered 
that children had lower whole-body and lumbar 
spine BMD with increasing percent body fat and 

total fat mass, which was consistent with our 
findings.36 Another study discovered an important 
link between normoweight and higher bone density 
Z-scores compared to overweight and underweight 
subjects. The overweight and underweight ones 
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Figure 3. Negative correlation between BMI and BMD in the case group 

had considerably lower BMD Z-scores than the 
normoweight group. This was explained by both 
extremes of weight are considered a significant risk 
factor for the development of low BMD in children.37

Overall, our findings imply that obesity during 
skeletal growth periods (particularly bone accretion) 
may disrupt skeletal adaptation to mechanical stresses. 
Fat, which alters hormonal variables and cytokines 
throughout development, may have a critical role 
in disrupting bone accretion.38-41 This could also be 
linked to a lack of physical activity and nutritional 
imbalance.42,43

Many studies, on the other hand, determined that 
prepubertal children with obesity had considerably 
greater BMD than normoweight children, as measured 
by total body less head bone mass density (TBLH-
BMD), TBLH-BMD Z-score, and BMD Z-score at 
L2-L4.44-47 A study discovered that obese patients 
had higher BMD and BMD Zscore because of 
enhanced bone production with decreased bone loss.29 

The higher BMD findings in obese children in these 
studies may be related to inclusion criteria, study 
design, bone measurement procedures, and data 
analysis differences. It is also challenging to locate 
appropriate controls since obese children are often 
taller than normoweight subjects. Pubertal spikes 
and growth rates have been reported to be important 
factors in other study.48 We cannot provide clear 
conclusions because there is no gold standard 

methodology for estimating BMD in these patients 
with increasing body size. Interactions between race 
and gender may also explain some of the study’s 
conflicting results. Finally, all studies were limited by 
small sample sizes.

The DEXA scan is widely utilized in pediatric 
applications as suggested by the International 
Society for Clinical Densitometry, because it analyzes 
extensive areas of concern quickly at relatively low 
radiation doses and is resistant to mobility and posture 
alteration.49,50

In our obese prepubertal case group, there were 
no significant differences in PINP, CTX, BMD, or 
BMD Z-score between males and females in the case 
group. In contrast, Sabre et al. reported that CTx 
was significant  lower in obese females compared to 
obese boys (P=0.018).22 These gender disparities can 
be complex, as differences may present in pubertal 
state, body composition, hormonal environment, and 
adipose tissue distribution.36

According to our study, WC, as a measure 
of visceral and central obesity, as well as BMI and 
BMI Z-score, had significant positive associations 
with CTX, and significant inverse associations with 
PINP, BMD, and BMD Z-score. A few studies have 
found that fat mass, BMI, and weight have inverse 
relationships with lumbar BMD in obese adults and 
children. Furthermore, bone health responds more to 
muscle contractions than to sedentary loads, which 
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are reflected by body weight and fat mass.51

Bone marrow density estimates were greater 
in normoweight and overweight groups than in 
obese and very obese groups. Logistic analysis 
revealed that the relationship between BMD and 
WC was inverse. They hypothesized that this rise in 
BMD in overweight children was due to the body’s 
compensation mechanism in response to weight gain, 
but in obese children, this mechanism failed, resulting 
in a large decline in BMD. So, it is worth noting that 
WC as an indicator of trunk fat is the most suitable 
and straightforward marker for clinical practice.52   
A study reported that weight, lean mass, fat mass, and 
BMI were all significantly associated with whole-body 
bone mineral content, whole-body BMD, and lumbar 
spine BMD.53 The discrepancies in various studies 
may be attributed to differences in ethnic groups, age, 
weight, or height, physical activity, smoking habits, 
duration of sun exposure, and other factors that may 
affect BMD.54

In conclusion, BMD is decreased in prepubertal 
obese children, so obesity may have a negative 
impact on bone health. Furthermore, low BMD 
was associated with high CTX in prepubertal obese 
children, especially those with high visceral obesity. 
Thus, determining a line of treatment to decrease 
bone resorption may be prudent for obese prepubertal 
children.

Conflict of interest

None declared. 

Funding acknowledgment

The authors received no specific grant from any funding agency 
in the public, commercial, or not-for-profit sectors. 

References 

1. Abarca-Gómez L, Abdeen ZA, Hamid ZA, et al. NCD Risk Factor 

Collaboration (NCD-RisC). Worldwide trends in body-mass index, 

underweight, overweight, and obesity from 1975 to 2016: a pooled 

analysis of 2416 population-based measurement studies in 128.9 

million children, adolescents, and adults. Lancet. 2017; 390:2627-42. 

DOI: https://doi.org/10.1016/S0140-6736(17)32129-3

2. Fintini D, Cianfarani S, Cofini M, Andreoletti A,  Ubertini 

GM, Cappa M, et al. The bones of children with obesity. Front 

Endocrinol (Lausanne). 2020;11:200. DOI: https://doi.org/10.3389/

fendo.2020.00200

3. Dimitri P. The impact of childhood obesity on skeletal health and 

development. J Obes Metab Syndr. 2019; 28:4-17. DOI: https://doi.

org/10.7570/jomes.2019.28.1.4

4. da Silva VN, Fiorelli LN, da Silva CC, Kurokawa CS, Goldberg TBL. 

Do metabolic syndrome and its components have an impact on bone 

mineral density in adolescents? Nutr Metab (Lond). 2017;14:1. DOI: 

https://doi.org/10.1186/s12986-016-0156-0

5. Barroso LN, Farias DR, Soares-Mota M, Bettiol H,  Barbieri MA,  

Foss MC, et al. Waist circumference is an effect modifier of the 

association between bone mineral density and glucose metabolism. 

Arch Endocrinol Metab. 2018; 62:285-95. DOI: https://doi.

org/10.20945/2359-3997000000040 

6. Bhattoa HP, Cavalier E, Eastell R,  Heijboer AC,  Jørgensen  NR,   

Makris K, et al. Analytical considerations and plans to standardize or 

harmonize assays for the reference bone turnover markers PINP and 

β-CTX in blood. Clin Chim Acta. 2021; 515:16-20. DOI: https://

doi.org/10.1016/j.cca.2020.12.023 

7. Shetty S, Kapoor N, Bondu JD, Thomas N, Paul TV. Bone turnover 

markers: Emerging tool in the management of osteoporosis. 

Indian J Endocrinol Metab. 2016; 20:846-52. DOI: https://doi.

org/10.4103/2230-8210.192914 

8. Macías I, Alcorta-Sevillano N, Rodríguez CI, Infante A. Osteoporosis, 

and the potential of cell-based therapeutic strategies. Int J Mol Sci. 

2020; 21:1653. DOI: https://doi.org/10.3390/ijms21051653

9. Greenblatt MB, Tsai JN, Wein MN. Bone turnover markers in the 

diagnosis and monitoring of metabolic bone disease. Clin Chem. 2017; 

63:464-74. DOI: https://doi.org/10.1373/clinchem.2016.259085 

10. Bhattoa HP. Laboratory aspects and clinical utility of bone turnover 

markers. EJIFCC. 2018; 29:117-28.

11. Sakka SD, Cheung MS. Management of  pr imary and 

secondary osteoporosis in children. Ther Adv Musculoskelet 

Dis .  2020;  12:1759720X20969262.  DOI:  https : / /doi .

org/10.1177/1759720X20969262  

12. Bachrach LK, Gordon CM, Section on Endocrinology; Sills IN, Lynch 

JL, Casella SJ, DiMeglio LA, et al. Bone densitometry in children 

and adolescents. Pediatrics. 2016;138: e20162398 DOI: https://doi.

org/10.1542/peds.2016-2398 

13. Diabetes Endocrine Metabolism Pediatric Unit Cairo University 

Children’s Hospital. Egyptian growth curves: Egyptian growth 

curve for boys and girls 2-21 years height, weight, and body mass 

index for age percentile.2008, November,28. Available from http:// 

dempuegypt.blogspot.com.eg/

14.  Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard 



Ola Taha et al.: Bone turnover markers and bone mineral density in prepubertal obese children

Paediatr Indones, Vol. 64  No. 6, November 2024 • 481

definition for child overweight and obesity worldwide: international 

survey. BMJ 2000; 320:1240-3. DOI: https://doi.org/10.1136/

bmj.320.7244.1240 

15. Krebs NF, Himes JH, Jacobson D, Nicklas TA, Guilday P, Styne D. 

Assessment of child and adolescent overweight and obesity. Pediatrics 

2007;120: S193-228. DOI: https://doi.org/10.1542/peds.2007-2329D 

16. Martinez-Millana A, Hulst JM, Boon M, Witters P, Fernandez-Llatas 

C, Asseiceira I, et al. Optimisation of children z-score calculation 

based on new statistical techniques. PLoS One. 2018 Dec 20;13(12): 

e0208362. DOI: https://doi.org/10.1371/journal.pone.0208362

17.  Styne DM, Arslanian SA, Connor EL, Farooqi IS,  Murad MH,   

Silverstein JH, et al. Pediatric obesity-assessment, treatment, and 

prevention: an Endocrine Society clinical practice guideline. J Clin 

Endocrinol Metab. 2017; 102:709-57. DOI: https://doi.org/10.1210/

jc.2016-2573 

18.  Fernandez GR, Redden DT, Pietrobella A, Allison DB. Waist 

circumference percentiles in nationally representative samples of 

African American, European-American, and Mexican American 

children and adolescents. J Pediatr. 2004; 145:439-44. DOI: https://

doi.org/10.1016/j.jpeds.2004.06.044 

19.  Marshall WA, Tanner JM. Variations in pattern of pubertal 

changes in girls. Arch Dis Child. 1969;44:291-303. DOI: https://

doi.org/10.1136/adc.44.235.291

20. Pagana KD, Pagana TJ, Pagana TN. Mosby’s diagnostic & laboratory 

test reference. 14th ed. St. Louis, Mo: Elsevier; 2019.

21. Marshall WA, Tanner JM. Variations in the pattern of 

pubertal changes in boys. Arch Dis Child. 1970;45:13-23.  

DOI: https://doi.org/10.1136/adc.45.239.13

22. Saber LM, Mahran HN, Baghdadi HH, Al Hawsawi ZM.  

Interrelationship between bone turnover markers, calciotropic 

hormones and leptin in obese Saudi children. Eur Rev Med 

Pharmacol Sci. 2015; 19:4332-43. 

23. Grunwald T, Fadia S, Bernstein B, Naliborski M, Wu S,  

de Luca F. Vitamin D supplementation, the metabolic syndrome, 

and oxidative stress in obese children. J Pediatr Endocrinol Metabol. 

2017; 30:383-8. DOI: https://doi.org/10.1515/jpem-2016-0211 

24.  Cheng L. The convergence of two epidemics: vitamin D deficiency 

in obese school-aged children. J Pediatr Nursing. 2018; 38:20-6. 

DOI: https://doi.org/10.1016/j.pedn.2017.10.005 

25.  Zakharova I, Klimov L, Kuryaninova V, Nikitina I, Malyavskaya S, 

Dolbnya S, et al. Vitamin D insufficiency in overweight and obese 

children and adolescents. Front Endocrinol. 2019;10:103. DOI: 

https://doi.org/10.3389/fendo.2019.00103 

26.  Eps ley  S,  Tadros  S,  Far id  A,  Karg i l i s  D,  Mehta S,  

Rajapakse CS. The effect of inflammation on bone. Front Physiol. 

2021; 11:511799. DOI: https://doi.org/10.3389/fphys.2020.511799 

27. Grace C, Vincent R, Aylwin SJ. High prevalence of vitamin D 

insufficiency in a United Kingdom urban morbidly obese population: 

implications for testing and treatment. Surg Obes Relat Dis. 

2014;10:355-60. DOI: https://doi.org/10.1016/j.soard.2013.07.017 

28.  Grethen E, Hill KM, Jones R, Cacucci BM,  Gupta CE, Acton A, 

et al. Serum leptin, parathyroid hormone, 1,25-dihydroxyvitamin D, 

fibroblast growth factor 23, bone alkaline phosphatase, and sclerostin 

relationships in obesity. J Clin Endocrinol Metab. 2012; 97:1655-62. 

DOI: https://doi.org/10.1210/jc.2011-2280 

29.	 Gajewska	 J,	Ambroszkiewicz	 J,	Klemarczyk	W,	Chełchowska	M,	 

Weker H, Szamotulska K. The effect of weight loss on 

body composition, serum bone markers, and adipokines in 

prepubertal obese children after 1-year intervention. Endocr 

Res. 2018; 43:80-9. DOI: https://doi.org/10.1080/07435800. 

2017.1403444 

30. Roy B, Curtis ME, Fears LS, Nahashon SN, Fentress HM. 

Molecular mechanisms of obesity-induced osteoporosis and muscle 

atrophy. Front Physiol. 2016; 7:439. DOI: https://doi.org/10.3389/

fphys.2016.00439 

31. Souza PPC, Lerner UH. The role of cytokines in inflammatory bone 

loss. Immunol Invest. 2013; 42:555-622. DOI: https://doi.org/10.31

09/08820139.2013.822766 

32. Pagnotti GM, Styner M, Uzer G, Patel VS, Wright LE,  

Ness KK, et al. Combating osteoporosis and obesity with exercise: 

leveraging cell mechanosensitivity. Nat Rev Endocrinol. 2019; 

15:339-55. DOI: https://doi.org/10.1038/s41574-019-0170-1 

33. Brunetti G, Papadia F, Tummolo A,  Fischetto R,  Nicastro F,   

Piacente L, et al. Impaired bone remodeling in children with 

osteogenesis imperfecta treated and untreated with bisphosphonates: 

the role of DKK1, RANKL, and TNF-a. Osteopor Int. 2016;27:2355-

65. DOI: https://doi.org/10.1007/s00198-016-3501-2 

34. Dimitri P, Wales JK, Bishop N. Adipokines, bone-derived factors 

and bone turnover in obese children; evidence for altered fat-bone 

signalling resulting in reduced bone mass. Bone. 2011; 48:189-96. 

DOI: https://doi.org/10.1016/j.bone.2010.09.034 

35. Dimitri  P,  Jacques RM, Paggiosi  M, King D, Walsh J,   

Taylor ZA, et al. Leptin may play a role in bone micro- 

structural alterations in obese children. J Clin Endocrinol Metab. 

2015; 100:594-602. DOI: https://doi.org/10.1210/jc.2014-3199 

36. Gállego Suárez C, Singer BH, Gebremariam A, Lee JM,  

Singer K. The relationship between adiposity and bone density in 

U.S. children and adolescents. PLoS One. 2017;12:e0181587. DOI: 

https://doi.org/10.1371/journal.pone.0181587 

37. Milyani AA, Kabli YO, Al-Agha AE. The association of extreme 

body weight with bone mineral density in Saudi children. Ann Afr 

Med 2022;21:16-20. DOI: https://doi.org/10.4103/aam.aam_58_20 

38. Dimitri P, Wales JK, Bishop N. Fat and bone in children: differential 

effects of obesity on bone size and mass according to fracture history. 

J Bone Miner Res. 2010;25:527-36. DOI: https://doi.org/10.1359/

jbmr.090823 



Ola Taha et al.: Bone turnover markers and bone mineral density in prepubertal obese children

482 • Paediatr Indones, Vol. 64, No. 6, November 2024

39. Viljakainen HT, Valta H, Lipsanen-Nyman M, Saukkonen T,  

Kajantie E, Andersson S, et al. Bone characteristics and their 

determinants in adolescents and young adults with early-onset 

severe obesity. Calcif Tissue Int. 2015; 97:364-75. DOI: https://doi.

org/10.1007/s00223-015-0031-4 

40. Mughal MZ, Khadilkar AV. The accrual of bone mass during childhood 

and puberty. Curr Opin Endocrinol Diabetes Obes. 2011;18:28-32. 

DOI: https://doi.org/10.1097/MED.0b013e3283416441 

41. Lim HS, Byun DW, Suh KI, Park HK, Kim HJ, Kim TH,  

et al. Is there a difference in serum vitamin D levels and bone mineral 

density according to body mass index in young adult women? J 

Bone Metab. 2019; 26:145-50. DOI: https://doi.org/10.11005/

jbm.2019.26.3.145 

42. Sims NA, Martin TJ. Coupling the activities of bone formation 

and resorption: a multitude of signals within the basic multicellular 

unit. Bonekey Rep. 2014; 3:481. DOI: https://doi.org/10.1038/

bonekey.2013.215 

43. Tournadre A, Vial G, Capel F, Soubrier M, Boirie Y. Sarcopenia. 

Joint Bone Spine. 2019; 86:309-14. DOI: https://doi.org/10.1016/j.

jbspin.2018.08.001 

44. Clark EM, Ness AR, Tobias JH. Adipose tissue stimulates bone 

growth in prepubertal children. J Clin Endocrinol Metabol. 2006; 

91:2534-41. DOI: https://doi.org/10.1210/jc.2006-0332 

45. Van Leeuwen J, Koes BW, Paulis WD, van Middelkoop 

M. Differences in bone mineral density between normal-

we ight  ch i ld ren  and  ch i ld ren  wi th  overwe ight  and 

obesity: a systematic review and meta-analysis. Obes Rev.  

2017;18:526-46. DOI: https://doi.org/10.1111/obr.12515 

46.	 Gajewska	J,	Weker	H,	Ambroszkiewicz	J,	Szamotulska	K,	Chełchowska	

M, Franek E, et al. Alterations in markers of bone metabolism and 

adipokines following a 3-month lifestyle intervention induced weight 

loss in obese prepubertal children. Exp Clin Endocrinol Diabetes. 

2013;121:498-504. DOI: https://doi.org/10.1055/s-0033-1347198 

47. Cardadeiro G, Baptista F, Rosati N, Zymbal V, Janz KF, Sardinha 

LB. Influence of physical activity and skeleton geometry on bone 

mass at the proximal femur in 10- to 12-year-old children--a 

longitudinal study. Osteoporos Int. 2014; 25:2035-45. DOI: https://

doi.org/10.1007/s00198-014-2729-y 

48.	 Yilmaz	D,	Ersoy	B,	Bilgin	E,	Gümüşer	G,	Onur	E,	Pinar	ED.	Bone	

mineral density in girls and boys at different pubertal stages: 

relation with gonadal steroids, bone formation markers, and growth 

parameters. J Bone Miner Metab. 2005;23:476-82. DOI: https://doi.

org/10.1007/s00774-005-0631-6

49. Gordon CM, Leonard MB, Zemel BS; International Society for 

Clinical Densitometry. 2013 Pediatric Position Development 

Conference: executive summary and reflections. J Clin Densitom. 

2014; 17:219-24. DOI: https://doi.org/10.1016/j.jocd.2014.01.007 

50. Hassan N, El-Masry SER, Mahmoud W, Soliman WS, Khalil MA, 

Afify A, et al. Prevalence of osteoporosis and its associated work-

related factors and obesity among a sample of Egyptian women indoor 

workers and employees. J Arab Soc Med Res. 2021;16:106-14.

51. Petit MA, Beck TJ, Shults J, Zemel BS, Foster BJ, Leonard MB. 

Proximal femur bone geometry is appropriately adapted to lean mass 

in overweight children and adolescents. Bone. 2005; 36:568-76. DOI: 

https://doi.org/10.1016/j.bone.2004.12.003 

52. Ferrer FS, Castell EC, Marco FC, Ruiz MJ, Rico JAQ, Roca APN. 

Influence of weight status on bone mineral content measured by 

DXA in children. BMC Pediatr. 2021; 21:185. DOI: https://doi.

org/10.1186/s12887-021-02665-5 

53. El Hage R, Jacob C, Moussa E, Jaffré C. Total body, lumbar spine and 

hip bone mineral density in overweight adolescent girls: decreased 

or increased? J Bone Miner Metab. 2009;27:629-33. DOI: https://

doi.org/10.1007/s00774-009-0074-6 

54. Lei SF, Chen Y, Xiong DH, Li LM, Deng HW. Ethnic difference in 

osteoporosis-related phenotypes and its potential underlying genetic 

determination. J Musculoskelet Neuronal Interact. 2006;6:36-46. 

PMID: 16675888.


