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Background: Body weight is made up of lean and fat mass and both are involved in growth and development. Impression of these two 
components in bone density accrual has been controversial.
Objectives: The aim of this study was to evaluate the relationship between fat and lean mass and bone density in Iranian children and 
adolescents.
Patients and Methods: A cross-sectional study was performed on 472 subjects (235 girls, 237 boys) aged 9-18 years old in Fars Province. 
The participants' weight, height, waist circumference, stage of puberty, and level of physical activity were recorded. Bone Mineral Content 
(BMC), Bone Mineral Density (BMD), total body fat and lean mass were measured using dual-energy X-ray absorptiometry.
Results: Results showed that 12.2% of boys and 12.3% of girls were overweight and 5.5% of boys and 4.7% of girls were obese. Obese individuals 
had greater total body BMD (0.96 ± 0.11) than normal-weight ones (0.86 ± 0.11) (P < 0.001). We found the greatest correlation between total 
body BMD and total body lean mass (R = 0.78. P < 0.001) and the least correlation with total body fat percentage (R = 0.03, P = 0.44). Total 
lean mass in more active boys was 38.1 ± 10.9 and in less active boys was 32.3 ± 11.0 (P < 0.001). The results of multiple regression analysis 
showed that age and total body lean mass were independent factors of BMD in growing children and adolescents.
Conclusions: These findings suggest that lean mass was the most important predictor of BMD in both genders. Physical activity appears 
to positively impact on lean mass and needs to be considered in physical education and health-enhancing programs in Iranian school 
children.
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1. Background
Osteoporosis is a worldwide public health concern es-

pecially in postmenopausal and old individuals and is 
defined as the low bone mass and microarchitectural 
changes in the bone. The most serious issue of this prob-
lem is the fragility fracture (1).

Maximum bone mass acquisition is established during 
childhood and adolescence, which is affected by environ-
mental, hormonal and genetic factors (2, 3). After that, 
the bone mass decreases progressively since 35 years of 
age in both male and female sexes, and the rate of decline 
is very high in postmenopausal women (1). Peak bone 
mass and subsequent bone loss is two important deter-
minants in osteoporosis development (1).

Now, childhood obesity is a global epidemic. The In-
ternational Obesity Task Force (IOTF) reported that 1 in 
10 children worldwide (a total of 150 million) is over-
weight and about 30 to 45 million of them are obese (4). 
Although most comorbidities are related to obesity, this 

metabolic problem seems to have been protective against 
osteoporosis in adulthood, because of the positive effect 
of mechanical loading conferred by body weight on bone 
formation (5). A new idea is that obesity results in bone 
mass accrual by increased mechanical loading and/or 
anabolic effect of adipokines or fatty acids (6). However, 
the actual effect of the adipose tissue on Bone Mineral 
Density (BMD) is very complex and unclear (7, 8).

Bone is a dynamic organ and bone mass at any time 
explains the balance between bone formation by osteo-
blasts and bone resorption by osteoclasts. On the basis 
of available data, the effect of obesity on bone metabo-
lism is explained through several mechanisms (8). One 
of them is that obesity, by increasing adipogenesis, may 
decrease osteoblastogenesis because adipocytes and 
osteoblasts are derived from a common multipotential 
stem-cell (8). Secondly, obesity is associated with chron-
ic inflammation, and proinflammatory cytokines are 
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the main mediators of osteoclast differentiation, and 
bone resorption is increased in chronic inflammatory 
disorders (8). Finally, a high-fat diet may interfere with 
intestinal calcium absorption by insoluble calcium 
soaps produced from free fatty acids (8).

Although previous animal studies established the nega-
tive effect of adiposity on bone metabolism (8, 9), there is 
still controversy about the effect of fatness and obesity on 
the Bone Mineral Content (BMC) and density during hu-
man growth. Some previous studies are in favor of posi-
tive correlation between body fat and bone density (2, 10) 
and some other researchers found an inverse relation-
ship between body fat and bone parameters (7, 11).

In a previous study, we showed that Body Mass Index 
(BMI) is a significant predictor of BMD in Iranian children 
and adolescents (12). We know that body weight is largely 
made up of two components, i.e. fat mass and lean mass. 
Generally, both lean and fat mass have a significant effect 
on bone mass, but in adult population lean mass is more 
important (13).

2. Objectives
In children, literature review showed a gap of knowl-

edge and some controversy about the effect of body com-
position on BMD; thus, the aim of this study was to evalu-
ate the relationship between fat and lean mass and bone 
density in Iranian children and adolescents.

3. Patients and Methods
This cross-sectional study was performed in Kawar, an 

urban community located 50 Km east of Shiraz, the capi-
tal of Fars Province, southern Iran, during 2012 - 2013.

3.1. Subjects
Our subjects were girls and boys aged 9 - 18 years who 

were pupils of elementary, guidance, or secondary 
schools. The participants were selected using systematic 
random sampling. An age-stratified systematic random 
sample of 7.5% was applied, and eventually 472 subjects 
(234 girls and 238 boys) participated in this study. Ex-
clusion criteria were any chronic disease or medication 
that affects bone, such as rheumatologic and endocrinal 
disorders, renal failure, musculoskeletal disease, and us-
age of steroid and anticonvulsant drugs. The study was 
approved by the ethics committee of Shiraz University of 
Medical Sciences. The consent form was obtained from 
the parents of all participants.

3.2. Anthropometric Measurements and Tanner 
Stage

The participants' weight and height were measured by a 
physician. Weight was measured with a standard scale to 
the nearest 0.1 Kg (Seca, Germany), with the participant 
wearing light clothing and no shoes. Height was mea-
sured to the nearest 0.5 cm with a wall-mounted meter 

with the participant standing barefooted. Body mass 
index (BMI) was calculated by dividing weight (kg) by 
height per square meter.

We divided subjects into two groups based on their BMI: 
1- Overweight ( 85th percentile ≤ BMI < 95th percentile), 2- 
Obsess (BMI ≥ 95th percentile) (14). Based on our subjects’ 
BMI cut-off points and also age-and sex-specific BMI cut-
off points as defined by the IOTF cut-off points (15). The 
5-stage puberty classification of Tanner was determined 
by an endocrinologist for each participant. Children at 
stages I and II of puberty were classified as pre-early pu-
berty, children at stages III and IV as midpuberty, and chil-
dren at stage V were classified as full puberty (maturity).

The participants were divided into two groups with few-
er or more than three times physical activity per week ac-
cording to the recommendation of the American College 
of Sports Medicine (16). The participants or their parents 
were asked how many days per week they did any physical 
activity including physical education classes, organized 
sports, recreational activity, regular walking, or cycling.

3.3. Bone Densitometry Assessment
The Hologic system (Discovery QDR, USA) was used to 

measure BMC (g), and BMD (g/cm2). Bone mineral den-
sity was measured in the total body, lumbar spine and 
left femoral neck. Also, we measured Total Body Fat Mass 
(TBFM), total body lean mass, trunk fat mass and trunk 
lean mass in grams and also Total Body Fat Percentage 
(TBFP) and android gynoid ratio. Densitometry studies 
were done with the participants wearing special cloth-
ing and no footwear. To eliminate physiological lumbar 
lordosis during measurement of the lumbar spine, we 
elevated the participants’ knee while they were in supine 
position. In accordance with international standards, all 
measurements of the femur were done on the left femur 
at the position of internal rotation (17). Scanner stability 
was checked throughout the course of the study with 
plots of daily spine phantom scans. We calculated Fat 
Mass Index (FMI) (Kg/m2) by dividing total body fat mass 
(Kg) by height square (m2). Based on preliminary mea-
surements in 10 children, the Coefficient of Variation (CV) 
in our laboratory were 1% for the total body BMD, 0.51% 
for the lumbar spine BMD and 2.4% for the femoral neck 
BMD. The CV for fat mass was 0.7%, and for fat percentage 
and lean mass was 1.9%.

Estimated volumetric Bone Mineral Apparent Density 
(BMAD) was calculated for the Lumbar Spine (LSBMAD) 
and Femoral Neck (FNBMAD) according to the following 
Equations (12):

(1) LSBMAD= BMC of L2− L4
area1.5

(2) FNBMAD= BMC of femoral neck
area2
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3.4. Laboratory Data
Blood samples were taken by experienced technicians 

at the Shiraz Endocrinology Research Center and used 
to measure 25-hydroxide (OH) vitamin D by high perfor-
mance liquid chromatography (Young Lee 9100, South 
Korea) in ng/mL.

3.5. Statistical Analysis
Statistical analysis included t-tests and ANOVA that was 

used for comparing mean levels of anthropometric, body 
composition and bone density parameters between two 
genders and between normal weight, overweight and 
obese individuals. Pearson’s correlation coefficient was 
used to evaluate the relationship between body compo-
sition and bone density. To evaluate association between 
body composition and bone parameters, we used mul-
tiple regression analysis. The model was adjusted for age, 
stage of puberty, and level of 25 (OH) vitamin D. Data were 
analyzed using SPSS v. 18 software (Chicago, IL, USA). A P 
value < 0.05 was considered significant.

4. Results
 Table 1 shows Mean and Standard Deviation (SD) for 

weight, height, waist circumference, BMI, TBFM, and TBFP 
in each age group in boys and girls (Table 1). We found that 
12.2% of the boys and 12.3% of the girls were overweight (85 
≤ BMI < 95 percentile) and 5.5% of boys and 4.7% of girls 
were obese (BMI ≥ 95 percentile).

4.1. Bone Parameters in Overweight and Normal Indi-
viduals

 Table 2 shows Mean and Standard Deviation (SD) for 
anthropometric and Dual-energy X-ray Absorptiometry 
(DXA) measures in boys and girls according to normal 
body weight, overweight and obese subjects. (Table 2) 
The mean age was not different between normal weight, 
overweight and obese subjects (P = 0.46). In the girls, 
only neck BMC, neck BMD and neck BMAD in overweight 
ones were more than normal subjects (P = 0.01, P = 0.03, 
P = 0.005); overweight boys had significantly higher total 
body BMC (P = 0.02), total body BMD (P = 0.02), and neck 
BMC (0.04) than the normal boys.

In comparison of obese and normal subjects, we 
found that all bone parameters in obese individuals 
were greater than those of normal subjects. Obese girls 
had greater total body BMC and BMD (P = 0.003), neck 
BMC, BMD and BMAD (all P = 0.001), lumbar spine BMC, 
BMD and BMAD (P = 0.002, P = 0.008, P = 0.001) than 
normal weight girls; however, obese boys only had 
greater lumbar spine and neck BMAD than the normal 
weight participants (both P = 0.04) 

4.2. Correlation Between Bone Parameters and 
Body Composition

We studied the correlation between BMC and BMD with 
BMI, waist circumference, TBFM, TBFP, trunk fat mass, 

FMI, total body lean mass, trunk lean mass, and android 
gynoid ratio (Table 3).

We found the greatest correlations between bone pa-
rameters and lean mass (total lean mass and trunk lean 
mass) and the least correlation between bone param-
eters and total body fat percentage. Femoral neck BMC 
and BMD were negatively correlated with TBFP (P < 0.001 
and P = 0.02). We evaluated this correlation in girls and 
boys separately and found that in both genders the great-
est correlation was seen between bone parameters and 
total body lean mass. In boys, and not in girls, BMC and 
BMD in the lumbar spine, femoral neck and total body 
were negatively correlated with TBFP. (-0.18, -0.13, -0.16; P 
= 0.004, 0.03, 0.01, respectively). Also, we studied this cor-
relation in different stages of puberty and again found 
out the greatest correlation for total body lean mass in all 
stages of growth.

4.3. Total Body Fat Percentage Versus Trunk Fat Per-
centage

We compared the correlation between bone param-
eters with TBFP and trunk fat percentage and found that 
lumbar spine BMC, total body BMC, and total body BMD 
didn’t have a significant correlation with any of them. 
Lumbar spine BMD was positively correlated with TBFP 
(R = 0.18, P < 0.001), and trunk fat percentage (R = 0.19, 
P < 0.001). Femoral neck BMC had a negative association 
with TBFP (R = -0.20, P < 0.001), and trunk fat percentage 
(R = -0.15, P < 0.001). In the girls, the lumbar spine, femo-
ral neck and total body BMC and BMD were positively cor-
related with TBFP and trunk fat percentage (P < 0.001). In 
the boys, the only significant correlation with trunk fat 
percentage was seen for the lumbar spine BMC (R = -0.14, 
P = 0.02) Moreover, the correlation between TBFP and all 
bone parameters was negative (P < 0.05).

4.4. Multiple Linear Regression Analysis
The relationship between fat and lean mass and bone 

measures was determined using multiple regression, 
adjusting for age, stage of puberty, and level of 25 (OH) 
vitamin D in the boys and girls (Tables 4 and 5).

We showed in these models that total body lean mass 
was the significant predictor of all bone parameters 
in both genders other than BMAD of the lumbar spine 
and femoral neck in the boys. On the other hand, total 
body fat mass had a significant association with femo-
ral neck BMD and BMAD only in the girls. In all these 
models, we found the greatest effect for age and total 
body lean mass on the BMC and BMD. No significant dif-
ference was found between different stages of puberty 
in these models. However, in Tanner V the effect of lean 
mass was stronger than before (standardized coeffi-
cient 0.42 in Tanner stage I and 1.15 in Tanner stage V for 
total body lean mass in prediction of total body BMC, 
and standardized coefficient 0.31 and 0.78 for total body 
BMD) (has not shown in table).
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Table 5. Association of Bone Parameters With Body Composition Adjusted for Age, Sex, Stage of Puberty, and Level of 25-hydroxy Vitamin D  
in girls a

Lumbar 
Spine BMC

Lumbar 
Spine BMD

Lumbar 
Spine BMAD

Femoral 
Neck BMC

Femoral 
Neck BMD

Femoral 
Neck BMAD

Total Body 
BMC

Total Body 
BMD

R Square 0.70 0.76 0.63 0.64 0.58 0.32 0.86 0.79

Age, y 1.15 ± 0.49 b 
(0.20)

0.01 ± 0.005 b 
(0.23)

0.004 ± 0.001 
b (0.27)

0.04 ± 0.02 
(0.17)

0.005 ± 0.004 
(0.12)

0.0 (0.03) 38.76 ± 8.11 c 
(0.28)

0.014 ± 0.003 
c (0.32)

T1 -8.90 ± 3.45 b 
(0.25)

-0.13 ± 0.03 c 
(0.32)

-0.025 ± 
0.009 b (0.31)

0.04 ± 0.16 
(0.03)

-0.002 ± 0.031 
(0.007)

-0.001 ± 
0.009 (0.02)

-27.8 ± 56.7 
(0.03)

-0.017 ± 0.023 
(0.06)

T2 -6.85 ± 2.21 b 
(0.21)

-0.06 ± 0.02 b 
(0.18)

-0.012 ± 0.006 
b (0.15)

-0.09 ± 0.10 
(0.06)

-0.036 ± 
0.020 (0.14)

-0.011 ± 0.006 
(0.19)

-96.6 ± 36.2 b 
(0.12)

-0.034 ± 0.014 
b (0.13)

25 (OH) Vit. 
D, ng/mL

0.02 ± 0.11 
(0.008)

0.001 ± 0.001 
(0.04)

0.0 (0.007) -0.001 ± 0.005 
(0.006)

0.0 (0) 0.0 (0.01) 2.75 ± 1.87 
(0.03)

0.001 ± 0.001 
(0.02)

TBFM, Kg -0.16 ± 0.15 
(0.06)

0.001 ± 0.002 
(0.01)

0.001 ± 0.0 
(0.11)

0.011 ± 0.007 
(0.09)

0.003 ± 0.001 
b (0.16)

0.001 ± 0.0 b 
(0.23)

4.93 ± 2.54 
(0.07)

0.0 (0.01)

Total lean 
mass, Kg

1.13 ± 0.16 c 
(0.50)

0.010 ± 0.002 
c (0.39)

0.001 ± 0.0 b 
(0.21)

0.059 ± 0.008 
c (0.61)

0.009 ± 0.001 
c (0.52)

0.001 ± 0.0 b 
(0.29)

34.31 ± 2.67 c 
(0.62)

0.010 ± 0.001 
c (0.56)

a  Data are expressed as B ± SE (standardized coefficient) in 9 - 18 years old Iranian female, 250 children and adolescents, (reference group for 
puberty is Tanner stage V, T1: Tanner stage I, II; T2: Tanner stage III, IV).
b  P < 0.05.
c  P < 0.001.

4.5. Lean Mass and Physical Activity
About half of the boys (51.9%) participated in physi-

cal activities three times per week or more compared 
to 9.7% of the girls. We compared total body lean mass 
between individuals with more or less than three times 
physical activity per week and found that participants 
with more than three times physical activity had great-
er total lean mass than ones with less than three times 
(36.9 ± 10.8 and 30.0 ± 8.5) (P < 0.001). We evaluated lean 
body mass in the girls and boys and found 30.1 ± 7.7 in 
the girls with more than three times physical activity 
and 28.7 ± 6.5 in the girls with less than three times (P = 
0.3). More active boys had total lean mass of 38.1 ± 10.9 
in comparison to less active boys that had total body 
lean mass of 32.3 ± 11.0 (P < 0.001).

5. Discussion
In this cross-sectional study, we evaluated the effect of 

body composition on bone mineral density in Iranian 
children and adolescents. We showed that obese children 
and adolescents, especially obese girls had greater BMC 
and BMD than normal-weight subjects and also found 
that age and total body lean mass were the most impor-
tant predictors of bone density.

To date, there is disagreement regarding the relative ef-
fect of fat mass on BMC and BMD (2, 7, 11, 18). We found a 
positive correlation between bone parameters and TBFP in 
the girls, but in boys, BMC and BMD in the lumbar spine, 
femoral neck and total body were negatively correlated 
with TBFP. El Hage and coworkers showed a negative as-
sociation between fat mass and BMD in lumbar spine and 
total body in boys but in girls fat mass, in comparison to 
lean mass, was a better positive determinant of BMD (19).

Nagasaki and coworkers found a negative correlation 
between total body fat percentage and total body BMD in 
12-15 year-old girls and in obese boys over 12 years of age 
(2). Goulding in 2008 demonstrated the fat mass as an in-
dependent predictor of bone mass in preschool children 
(20) although some previous studies reported a negative 
association between bone mass and fat mass in older 
obese children (21, 22).

The main mechanisms involved in the relationship 
between adipose tissue and bone are undetected (23). 
Adipokines or proinflammatory cytokines secreted from 
adipose tissue may have a role (24). IL-6 (Interleukin 6) 
and TNF-α (tumor necrosis factor α) can promote bone re-
sorption by osteoclast differentiation (23). Some authors 
have reported the action of fat mass on BMD through es-
trogen, leptin (25), insulin or amylin (26). Leptin not only 
has a central role in energy expenditure, but also affects 
the bone metabolism and increases proliferation and dif-
ferentiation of osteoblasts in adults (27). Leptin is secret-
ed by adipocytes and increases in obese individuals. Mag-
gio and coworkers showed that obese girls had a higher 
serum leptin concentration and higher BMD and a posi-
tive association between leptin and BMD has also been 
demonstrated in adult women (18). It seems that leptin is 
a mediator of adipose tissue hormonal effect on the bone 
mass (27). Another study presented leptin as a growth 
factor that affects the chondrocytes of growth plates via 
Insulin-like Growth Factor I (IGF-I) and in obese children 
it contributes to increase linear growth and bone mass. 
In adolescents, sex difference in BMD may be explained 
by differences in the serum leptin concentration, directly 
or indirectly via estrogen (18).
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It seems that the effect of fat mass on bone accrual is 
dependent on gender and stage of puberty and is more 
significant in specific growth phases and during critical 
stages of growth and development (11); therefore, these 
different results could be related to various methodolo-
gy, site of measurement and skeletal maturation in these 
study subjects.

There are some studies that compare the effect of lean 
versus fat mass on bone mineral density in children and 
adolescents; some advocated on the lean mass and some 
other on fat mass as a main indicator of BMC and BMD (2, 
28, 29). We found the strong effect of total body lean mass 
on bone mineral content and density in multiple regres-
sion analysis.

Some mechanisms explain the correlation between 
lean mass and bone mineral density. These include me-
chanical load, and hormonal effects, such as increased 
conversion of androstenedione to estrogen and high cir-
culating level of leptin (2). Although there is no evidence 
of bone response to static load (26), some studies suggest 
that the effect of fat mass on bone mass is mediated by 
increasing the muscle-mediated skeletal dynamic load 
(26) Schoenau et al. stated that great load and mechani-
cal stress on the subperiosteal surface of long bones can 
stimulate bone formation, and in the obese children and 
adolescents, this biochemical loading is increased due to 
increased body weight and lean mass (30). Harold Frost’s 
Mechanostat hypothesis stated “muscle-bone unit” in 
children and adolescents. On the base of this theory, in-
creasing maximal muscle force during the growth period 
will increase the bone mass, size and strength, and physi-
cal activity plays an important role in maximizing bone 
mass during this period (31). Olmedillas et al. showed 
that leptin receptors are upregulated in hypertrophic 
muscles (32) and it seems that the effect of leptin on bone 
is mediated by muscles. In 2011, Ivana and coworkers in 
Prague showed a positive correlation between serum 
leptin and bone mineral density and between lean mass 
and IGF-I, claiming that low levels of lean mass and insuf-
ficient production of IGF-I or leptin could negatively in-
fluence the bone development in pubertal girls (10).

Using multiple regression analysis, we found that the 
most changes in the bone mineral density were attrib-
uted to the age and total body lean mass; however, the 
effect of total body fat mass in these models was not sig-
nificant. It seems that the effect of fat mass on the bone 
is indirect and via lean mass and once lean mass is con-
trolled, there is no significant relationship between fat 
and bone mass (33).

In some previous studies we showed greater lumbar 
spine and femoral neck BMD in more active boys and also 
found that fat-free mass (lean and bone mass) in the boys 
was greater than the girls (12, 34). In this study, we found 
that the main effect of body composition on BMD is re-
lated to total body lean mass in both genders. Also, the 
results showed that more active boys had a greater lean 
mass than less active ones. In animal studies, research-

ers have also found a greater response in males than in 
females to similar mechanical effects (35). Baptista and 
coworkers in 2012 found that lean mass was the most im-
portant predictor of BMD in boys and girls, while habit-
ual weight-bearing physical activity has a positive effect 
on bone mineralization only in boys (36). In our study, it 
seems that girls not only are less active than the boys, but 
also may be less responsive to physical activity.

This study has a number of limitations. First, it is a cross-
sectional survey and more prospective data are needed 
to evaluate the effect of lean mass and fat mass on BMD 
during growth. Second, in this study we did not measure 
hormonal factors and proinflammatory adipokines that 
seem to influence bone accrual.

In conclusion, the results of this study demonstrate 
more important associations between lean mass and 
BMD than fat mass. Thus, these findings support the rec-
ommendation that emphasis on physical activity and 
lean body mass in school children is more important 
than the exclusive concentration on fatness.
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