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ABSTRACT 
 
 Background: There is still gap of knowledge about the effect of overweight and obesity on bone mineral 
density (BMD) and bone mineral content (BMC) during growth. Studies using Dual-energy X-ray 
absorptiometry (DEXA) to examine the effect of obesity on bone mass in children and adolescents have 
conflicting results. Aim of the work: was to evaluate the effect of body fat mass on BMD and BMC as well as 
on the serum level of CTX1 in overweight and obese children and adolescents. Subjects and Methods: This 
case-control study was conducted on 60 overweight and obese children and adolescents (cases) and 25 age and 
sex matched subjects with BMI between 15th - < 85th percentiles as controls. The enrolled patients were 
subjected to the obesity sheet and anthropometric measurements. Assessment of body composition, BMD and 
BMC of Whole body & A-P spine by DEXA scan and measurement of serum CTX1 by ELISA were performed 
for cases and controls. Results: The cases had significantly higher mean values of BMD, BMC and lean and fat 
masses of the whole body, trunk and abdomen than controls. However, no significant statistical differences were 
found between cases and control as regards the mean values of L2-4 z-score of BMD and BMC. There were no 
significant correlations between each of peripheral and central fats and z-score L2-4. However, there were 
significant positive correlations between both BMD and BMC of L2-4 and the whole body and each of BMI, 
waist and hip circumferences, peripheral and central fat as well as all DEXA parameters. The mean value of 
serum CTX1 was significantly higher among cases than controls. Meanwhile, there was a significant positive 
correlation between CTX1 marker and z score of BMI for age and a significant positive correlation between 
mean values of CTX marker and FemurBMD, whereas Femur BMC and z score as well as Spine BMD, BMC 
and z score showed no significant correlation with the mean values of CTX1. Conclusion: We concluded that 
BMD and BMC are increased with the increase in body fat mass. Further, we found that obesity increases the 
level of CTX1 marker in serum due to greater growth velocity and greater weight bearing in heavier children 
and adolescents. Therefore, the use of CTX1 as a marker of BMD and bone resorption is not recommended in 
obese children and adolescents.  
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Introduction and Aim of the work: 
 
 Adolescence is involving biological, social and psychological changes (Christie and Deborah, 2008). 
Childhood and adolescence are the most important periods for maximum bone mass acquisition, which is 
defined as the maximum bone density achieved through normal growth and being influenced by environmental, 
hormonal and genetic factors (Bouillon and Prodonova, 2000).  
 Assessment of bone mineral density (BMD), total and regional bone mineral content (BMC), fat mass and 
non-mineral– non-fat mass can be done by using Dual-energy X-ray absorptiometry (DEXA) technique 
(Pietrobelli et al., 2003). A total-body scan will be attempted in 5–12 minutes during which the subject receives 
a negligible radiation dose (0.02 mrem). Now there is available software for pediatric subjects (Thomas et al., 
2005).  
 Biochemical markers of bone metabolism help to detect the dynamics of the metabolic imbalance itself 
(Seibel et al., 2005). Type I collagen, synthesized primarily in bone, accounts for more than 90% of the bone 
organic matrix and it and its fragments are the most sensitive markers of bone resorption. The serum level of C-
terminal telopeptide of type 1 collagen (CTX1) is considered the most reliable marker for bone resorption 
(Claudon et al., 2008).  
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 Adolescent obesity is an emerging problem. The prevalence of overweight and obesity among Egyptian 
adolescents was found to be 12.1 and 6.2%, respectively (Salazar et al., 2006). There is still gap of knowledge 
about the effect of overweight and obesity on BMD and BMC during growth (Fischer et al., 2000). Fat mass 
may be a causal determinant of BMD. However, studies using DEXA to examine the effect of obesity on bone 
mass in children have conflicting results reflecting the influence of confounding factors (Timpson et al., 2009). 
Reid, 2010 said that body weight is a principal determinant of BMD and that obesity is protective against 
osteoporosis. On the other hand, Goulding et al., 2000 and Dimitri et al., 2010 found decreased BMD in obese 
children and an inverse relationship between total bodies fat mass and total BMC.  
 Thus, the aim of this work was to evaluate the effect of body fat mass on BMD and BMC as well as on the 
serum level of CTX1 in overweight and obese children and adolescents. 
 
Subjects and Methods: 
 
 This case-control study was conducted on 60 overweight and obese children and adolescents recruited from 
Pediatric clinic in the National Research Center during the period from June to December 2011. They were 34 
males and 26 females and their ages ranged between 8 and 18 years. Overweight and obesity were defined as 
BMI ranged from the 85th to < the 95th and above the 95th percentiles of the same age and sex respectively 
(Barlow et al., 2007), according to the National Egyptian Growth Gurve of Children and Adolescents (Ghalli et 
al, 2008). 
 Children and adolescents who had chronic medical conditions known to affect bone metabolism including 
renal, endocrinal and liver diseases, chronic diarrhea, malabsorption and congenital or acquired bone diseases as 
well as those who were taking medications known to affect bone metabolism such as calcium supplements, 
antiepileptic drugs, rifampicin, cholestyramine, or prolonged corticosteroid therapy were excluded from the 
study.  
 The study also included 25 age and sex matched children and adolescents who had BMI between 15th - < 
85th percentiles served as controls.  
 The study's protocol was approved by the Ethical and Research Committee of the Council of Children 
Department, Ain Shams University as well as by the Biological Anthropology Department, Medical Division 
and the Ethical Committee of the National Research Centre. An informed consent was taken from parents of the 
involved children and adolescents after full description and discussion of the suspected risk factors with them.  
 The enrolled patients were subjected to the obesity sheet to reveal the demographic conditions, risk factors, 
morbidities and co-morbidities associated with obesity. Socioeconomic status was assessed according to Park 
and Park social scoring concerning with education level and occupation of the parents (Park & Park, 1977). 
 Anthropometric measurements were taken in the Growth Clinic of the National Research Center using 
standardized equipments and following the recommendations of the International Biological Programme 
(Hiernaux and Tanner, 1969). All bilateral measures were taken on the left side of the body.  
 These measures included weight approximated to the nearest 0.1 kg (using Seca scale Balance), height to 
the nearest 0.1 cm (using Holtain stadiometer). Body mass index was calculated according to the equation BMI= 
Weight in (Kg)/ Height2 in (m2) (Deurenberg et al., 1991). Age- and sex-specific z scores (SD scores) for 
height, weight, and BMI were calculated by using year 2000 growth data from the National Center for Health 
Statistics, Centers for Disease Control and Prevention (Ogden et al., 2002).  
 Mid upper arm circumference (cm) measured at a point mid-way between the tip of the shoulder and the tip 
of the elbow, Waist circumference (cm) held at a level midway between the lower rib margin and iliac crest and 
Hip circumference (cm) around the maximum circumference over the buttocks using a non stretchable tape were 
measured to the nearest 0.1 cm. 
 The skin fold thickness approximated to the nearest 0.1mm was determined using Harpenden skin fold 
caliper over biceps and triceps muscles parallel to the long axis of the arm and at subscapular, suprailiac and 
abdominal regions.  
Peripheral fat = Biceps + Triceps skinfolds  
Central fat = Suprailiac + Subscapular skinfolds  
 
 Blood Sample for measuring Serum C- terminal telopeptide of type 1 collagen (CTX1) level using Serum 
(Cross Laps®) ELISA manufactured in Fountain Hills, USA (Rosenquist, et al., 1998). Blood samples were 
obtained in all children fulfilling the inclusion criteria between 8AM and 10AM to avoid any bias from diurnal 
variation (Herrmann and Seibel, 2008). Each sample of whole blood (1ml) was centrifuged to obtain serum, 
which was immediately frozen at -80 C within 1 h of sampling, and then stored until the assays were run.  
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Assessment of body composition & bone mineral density: 
 
 Whole body and spine DEXA scan were performed on a pencil beam Norland (XR46) densitometry with 
host software version: 3.9.6, equipped with Pediatric software. Quality assurance tests were performed 
according to the manufacturer directions. All scans were performed and analyzed by the same operator. All 
metal objects were removed before the scan. Measurements were taken with the subject positioned supine with 
minimal clothing on the scanning table, beginning at the top of the head moving, in a rectilinear pattern, down 
the body to the feet. None of cases required sedation. 
 
Whole body scan estimates: 
 
Total bone mineral density (BMD) expressed in (g/cm2) 
Total bone mineral content (BMC) expressed in (g) 
Total fat mass expressed in (g) 
Total lean mass expressed in (g) 
BMD, BMC, lean mass and fat mass of the abdomen and the trunk were also estimated. 
 
Spine scan shows: 
 
The mean value of BMD expressed in gm/cm2  
The mean value of BMC expressed in g 
 T-score: is the difference in number of standard deviations (SDs) between the value for an individual and 
the mean value of a group of young adults (25- 45 years old) of the same sex (Steven et al., 2002). 
 Z-score: is the difference in number of SDs between the mean and age (Steven et al., 2002).  
 In adults, Osteoporosis and osteopenia are defined as a BMD t-score of -2.5 and between -1 <-2.5 
respectively (NIH Consensus Statement, 2000). 
 Bone density varies greatly with age. This is the reason the densitometry z-score is used in the pediatric 
population and not the t-score. This means that z scores of -2.5 define osteoporosis (Bishop et al., 2008). 
 
Statistical analysis: 
 
 Statistical analysis was performed using the SPSS software version 15.0 (SPSS Inc., Chicago, IL, USA). 
Data are expressed as mean ±SD as number (%) of cases. Comparison of proportions and means between both 
groups was made by using the Chi-square test (χ2 test) and independent t-test, respectively. Spearman’s 
correlation test was used for correlating non-parametric variables.The Fisher’s exact test was used when 
applicable (Daniel, 1995). 
 
Results: 
 
 There was no significant difference between cases (obese and overweight) and controls as regards the 
distribution of the socioeconomic status (P>0.05), whereas, cases had significantly higher percentages of family 
history of obesity, of fatness in body image and psychological problems (anxiety depression disorder) as well as 
intake of junk food when compared to controls (P<0.001).   
 Regarding the anthropometric parameters, there were no significant differences between cases and controls 
in the mean height and height for age (P>0.05), whereas, overweight and obese group showed significantly 
higher mean values of weight, weight for age, BMI, z-score of BMI, waist and hip circumferences, waist: hip 
ratio, MUAC and biceps, triceps, subscapular, suprailiac and abdominal skin folds when compared to controls 
(P<0.001). 
 As regard to the results of DEXA parameters, the overweight and obese children and adolescents had 
significantly higher mean values of the whole body (whole body z-score, total BMD, total BMC, total lean mass 
and total fat mass), trunk (BMD, BMC, lean and fat mass) and abdominal (BMD and BMC, lean and fat mass) 
than controls with p<0.01. However, no significant statistical differences were found between cases and controls 
as regards the mean values of L2-4 z-score, BMD and BMC with p>0.05 (Table 1).  
 There were significantly positive correlations between peripheral fat and fat masses of the whole body, 
trunk, and abdomen (P<0.001), yet there were no significant correlations between peripheral fat and z-score L2-4 

and lean masses of the whole body, trunk, and abdomen (P>0.05). Meanwhile, there were positive correlations 
between central fat and lean and fat masses of the whole body, trunk, and abdomen (P<0.001), yet there were no 
significant correlations between central fat and z-score L2-4 (P>0.05) (Table 2).  
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 There were significant positive correlations between both BMD and BMC of L2-4 and the whole body and 
each of BMI, waist and hip circumferences, peripheral and central fat as well as all DEXA parameters with 
P<0.001 (Table 3).   
 The mean value of serum CTX1 was significantly higher among overweight and obese cases (1.524 ± 
0.393) than controls (0.780 ± 0.599) with P<0.001 (Figure 1). Meanwhile, there was a significant positive 
correlation between CTX1 marker and z score of BMI for age with r = 0.628 and p <0.01(Figure 2). Further, 
there was a significant positive correlation between mean values of CTX marker and BMD Femur P<0.05, 
whereas BMC Femur, z score Femur, BMD Spine, BMC Spine and z score Spine showed no significant 
correlation with the mean values of CTX (Table 4). 
 
Table 1: Comparison between cases and controls as regards DEXA parameters. 

 Cases ( Mean ±SD) Controls ( Mean ±SD) t P 
Z-score (L2-4) 0.19 ± 0.48 -0.05 ± 0.49 1.99 >0.05 
BMD (L2-4) 0.79 ±  0.18 0.72 ± 0.16 1.65 >0.05 
BMC (L2-4) 31.21 ± 11.43 25.50 ± 9.78 2.11 >0.05 

Z-score (Whole body) -0.51 ± 1.10 -1.91 ± 1.20 5.08 <0.01 
Total BMD (Whole body) 0.89 ± 0.13 0.76 ± 0.12 3.93 <0.01 
Total BMC (Whole body) 2209.2 ± 597.69 1722.96 ± 586.69 3.33 <0.01 

Total lean mass (Whole body) 40483.6 ± 12473.4 30053.52 ± 10105.06 3.58 <0.01 
Total fat mass (Whole body) 29043.53± 11998.03 9287.00 ± 6302.55 7.49 <0.01 

BMD (Trunk) 0.83 ± 0.13 0.69 ± 0.12 4.29 <0.01 
BMC (Trunk) 867.71 ± 252.89 605.99 ± 221.60 4.36 <0.01 

Lean mass (Trunk) 17944 ± 5930.36 13165.69 ± 4474.97 3.49 <0.01 
Fat mass (Trunk) 14216.78 ± 585.43 4295.69 ± 3134.92 7.69 <0.01 

BMD (Abdominal) 1.01 ± 0.18 0.81 ± 0.17 4.69 <0.01 
BMC (Abdominal) 332.01 ± 106.78 221.30 ± 94.30 4.36 <0.01 

Lean mass (Abdominal) 8085.03 ± 2782.37 5464.13 ± 1804.30 4.18 <0.01 
Fat mass (Abdominal) 5591.43 ± 2432.61 1782.83 ± 1255.87 7.13 <0.01 

 
Table 2: Correlations between peripheral and central fat and the DEXA parameters of Obese and Overweight children and adolescents. 

DEXA Peripheral Fat Central Fat 
 R P R P 

L2-L4 (z-score) 0.15 >0.05 0.14 >0.05 
Whole body total lean mass 0.20 >0.05 0.44 <0.001 
Whole body total fat mass 0.60 <0.001 0.70 <0.001 

Trunk lean mass 0.18 >0.05 0.42 <0.001 
Trunk fat mass 0.61 <0.001 0.72 <0.001 

Abdomen lean mass 0.17 >0.05 0.42 0.001 
Abdomen fat mass 0.58 <0.001 0.69 <0.001 

 
Table 3: Correlation between Both BMD and BMC of L2-L4 and the whole body and some anthropometric and DEXA parameters of cases. 

 L2-L4 Whole body 
 BMD BMC BMD BMC 
 R p R p R p R p 

BMI 0.29 <0.01 0.28 <0.01 0.42 <0.001 0.36 <0.001 
Waist Circumference (Cm) 0.43 <0.001 0.49 <0.001 0.64 <0.001 0.65 <0.001 
Hip Circumference (Cm) 0.66 <0.001 0.69 <0.001 0.76 <0.001 0.78 <0.001 

peripheral fat(mm) 0.30 <0.01 0.22 <0.01 0.27 <0.01 0.21 <0.01 
Central fat(mm) 0.37 <0.001 0.34 <0.001 0.47 <0.001 0.39 <0.01 

L2-L4 z-score 0.59 <0.001 0.44 <0.001 0.35 <0.001 0.23 <0.01 
Whole body z-score 0.64 <0.001 0.65 <0.001 0.85 <0.001 0.69 <0.001 

Whole body total lean mass 0.72 <0.001 0.84 <0.001 0.86 <0.001 0.94 <0.001 
Whole body total fat mass 0.46 <0.001 0.47 <0.001 0.56 <0.001 0.56 <0.001 

Trunk lean mass 0.70 <0.001 0.82 <0.001 0.83 <0.001 0.91 <0.001 
Trunk fat mass 0.40 <0.001 0.42 <0.001 0.49 <0.001 0.50 <0.001 

Abdomen lean mass 0.60 <0.001 0.75 <0.001 0.74 <0.001 0.85 <0.001 
Abdomen fat mass 0.43 <0.001 0.45 <0.001 0.51 <0.001 0.53 <0.001 

 
Table 4: Correlations between CTX marker and DXA parameters among cases. 

 CTX marker 
R P 

BMD Femur 0.364 <0.05 
BMC Femur 0.255 >0.05 

z Score Femur 0.322 >0.05 
BMD L2-L4 0.308 >0.05 
BMC L2-L4 0.232 >0.05 

L2-L4 z-score 0.229 >0.05 
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Fig. 1: CTX marker in cases and controls. 
 

 
 

Fig. 2: Scatter diagram showing positive correlation between CTX marker and z score BMI for age in obese 
cases. 

 
Discussion: 
 
 Our results showed significantly higher mean values of weight, weight for age, BMI, waist, hip and mid 
upper arm circumferences, waist: hip ratio as well as biceps, triceps, subscapular, suprailiac and abdominal skin 
folds thickness among cases than controls. These results are in accordance with the fact that anthropometric 
measurements are accepted sensitive indicators of growth patterns, obesity and health status of a child 
(Chatterjee et al., 2006). 
 Obese and overweight cases had statistically non significant higher mean values of bone BMD and BMC in 
lumbar spine than controls. However, the mean values of BMD and BMC of the whole body were significantly 
higher among cases than controls. Previous study done by Manzoni et al., 1996 reported no differences in the 
whole body bone measures between obese and non obese children and adolescent after adjustment for height, 
weight, lean mass, and fat mass. On the other hand, Rocher et al., 2008 revealed that whole-body BMD and 
BMC adjusted for body weight and lean mass were lower in obese children, while, lumbar spine BMD and 
BMC adjusted for body weight and lean mass showed no significant differences between the two groups. These 
results could be explained by the fact that lumbar spine is an axial and a weight bearing site composed of 
trabecular bone, whereas, the body as a whole is composed of appendicular and vertical sites including non 
weight- bearing sites composed mainly of cortical bones. Cortical bones do not have the same sensitivity to 
mechanical stress, which could be a consequence of different metabolic activities of bone tissue (Rico et al., 
1994). 
 In the current study, there was a positive correlation between values of both BMD and BMC and BMI. This 
is in accordance with the results of Cobayashi et al., 2005 who showed that among obese adolescents the above 
median prevalence of BMD is twice that among normal-weight counterparts. The increased BMD and BMC in 
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obese and overweight children and adolescent were also assumed by Wetzsteon et al., 2008 and El Hage et al., 
2009. On the other hand, Nagasaki et al., 2004 found a negative correlation between both BMD and BMC and 
obesity in adolescent boys. Leonard et al., 2004 explained the increase of BMD in relation to increased BMI, as 
that DEXA is a two-dimensional approach that captures only integral bone providing an estimate of density 
expressed as grams per projected area (area BMD, in g/cm2). This estimate is not a measure of volumetric 
density (g/cm3) because it gives no information about bone depth, providing little information about the relative 
contribution of bone compartments and bone geometry to bone strength.   
 Several mechanisms may contribute to the increased BMD in relation to increased body mass, of these 
factors, hormonal influences, such as increased conversion of androstenedione to estrogen or increased 
circulating leptin concentrations may play a role (Klein et al., 1998). Leptin acts as a growth factor on the 
chondrocytes of skeletal growth centers via insulin-like growth factor I receptor expression and thereby 
potentially contributes to the increased linear growth and skeletal mass observed in childhood obesity (Maor et 
al., 2002). Also, increased biomechanical loading due to increased body weight and increased lean muscle 
mechanical forces may also contribute to the increased bone dimensions and mass observed in the obese 
subjects. Increased load on long bones produces great mechanical stresses on the subperiosteal surface and 
stimulates bone formation (Schoenau et al., 2001). 
 Present study showed a positive correlation between both total fat and lean mass and the BMD and BMC. 
In agreement with this result, Arabi et al., 2004, who revealed that both lean and fat mass were independent 
predictors of total BMD and BMC in adolescents of both sexes. However, they stated that the effect of lean 
mass was stronger in boys while the effect of fat mass was relatively more important in girls. Pietrobelli et al., 
2002 found that total BMC was more strongly associated with lean mass than fat mass, while Clark et al., 2006 
stated that fat mass has strong effect on BMC as fat mass stimulates radial than longitudinal bone growth by 
increasing the rate of periosteal apposition leading to the increase in bone size. The difference between our 
results and others may be attributed to the high correlation between fat mass, lean mass and skeletal parameters, 
so large numbers are required to detect independent influences of fat mass on bone size. It may also be 
attributed to the racial difference between the different populations.  
 Current results showed significantly higher mean values of serum CTX among cases than controls and 
positive correlation between CTX and z score of BMI for age. These results are in accordance with 
Rauchenzauner et al. (2007) who found that taller and heavier individuals for age had greater bone marker 
concentrations reflecting greater growth velocity and greater weight bearing, inducing larger bone formation in 
response to superior mechanical strains. They said that the resorption markers may be correlated with weight 
would not be contradicting as increased periosteal modeling would also lead to removal of bone from the 
endocortical surface. On the other hand, Kontulainen, et al., 2005 found that BMI was negatively correlated 
with CTX1. In general, only weak correlations were detected, as markers reflect different biological processes at 
many different regions and bone surfaces during skeletal growth, which itself is nonlinear (Caino, et al., 2006). 
Markers are released during different stages of bone formation, resorption or growth processes and may have 
different elimination pathways and serum half-lives, affecting their relation at distinct time points during 
growth. Similarly, some of the positive correlations between anthropometric and bone markers could be by 
chance (Rauchenzauner et al., 2007).  
 We found positive correlation between CTX1 marker and BMD which means that as BMD increases, the 
CTX1 marker increases although it is a resorption marker. This was explained by Rauchenzauner et al. (2007) 
who found that markers of bone formation, collagen degradation, and phosphatases were each independently 
correlated, suggesting that they are drived from and reflect the same biological processes. In addition, no marker 
in children is specific for any of the three different biological processes of remodeling, modeling and epiphyseal 
growth (Eapen et al., 2008). In children, these markers are released into the circulation during the processes of 
bone remodeling, modeling, and growth in length. Aside from the remodeling process, osteoclast and osteoblast 
actions are not coupled during modeling or epiphyseal growth, thus introducing additional variability and 
reducing specificity. Skeletal growth and puberty lead to considerable changes in raw levels of bone formation 
and resorption markers with age, demonstrated by their correlation with growth velocity (van Coeverden, et al., 
2002). Further, Chen, et al., 2005, found generally greater serum concentrations of bone markers in infancy and 
in mid-puberty. These findings indicate that both bone formation and resorption are accelerated during periods 
of growth spurt.  
 From the course of this study, we concluded that BMD and BMC are increased with the increase in body fat 
mass. Further, we found that obesity increases the level of CTX marker in serum due to greater growth velocity 
and greater weight bearing in heavier children and adolescents. However, the use of CTX for a diagnostic 
purpose as a marker of BMD and bone resorption is not recommended because obesity may affect both 
epiphyseal growth and bone metabolism. 
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