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Abstract - The association of bone mineral density (BMD) with anthropometric and body composition parameters remain 
unclear. This study aimed to explore these associations in Tunisian postmenopausal women. Eighty-one postmenopausal 
women were recruited. Body weight, body mass index, waist circumference and height were recorded. Bone mineral density 
in different sites and body composition (fat mass and lean mass) were measured using dual X-ray absorptiometry. As a 
result, increased body weight had a positive association with BMD in all sites expect in lumbar vertebrae. Also, body mass 
index was positively associated with right femur, total hip and whole body BMD. Waist circumference was positively 
correlated only with the whole body BMD.  Increased trunk and total body fat mass was positively correlated with BMD at 
different skeletal sites. Also, leg, trunk and total lean mass were positively related to BMD at different sites. However, 
Multiple linear regression analysis shows that only trunk fat and lean mass were independently and positively associated to 
BMD, and the waist circumference was the only anthropometric parameter independently related to BMD. In conclusion, our 
finding demonstrate that body composition is likely to be a positive independent factor for BMD. 
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I. INTRODUCTION 
 
Osteoporosis is a diffuse skeletal disease clinically 
characterized by low bone mineral density (BMD) 
and significant bone fragility leading to an increased 
risk of fracture (CDC, 1993). Age-related 
osteoporosis is two to three times more common in 
women due to postmenopausal hormone deprivation. 
Thus, between the age of 40 to 80 years, 45% of bone 
capital is destroyed in women compared to 15 to 20% 
in men (Eastell, 2005). In some, this decrease in bone 
mass has no serious consequences, but in others, 
osteoporosis can be developed. 
As the world's population aging, it is opportune to ask 
whether this disease is influenced by other factors 
such as weight, fat mass, lean mass and that could 
have their own independent relationship with bone 
loss. 
In this context, studies have shown that bone is 
protected by obesity and have demonstrated a 
positive correlation of body weight with BMD 
(Pereira et al., 2007). Moreover, some studies 
contradictory to these results have revealed an 
alteration of bone activities and a decrease in BMD in 
the presence of excess fat (Núñez et al., 2007). 
Also,some studies have been interested in the effect 
of body composition on BMD but their results remain 
contradictory. In fact, it has been shown that body fat 
appears to be a significant predictor of BMD in the 
spine, total hip (Zhu et al., 2015) and proximal femur 
(Nur et al., 2013). However, contrary to these results, 
studies demonstrated that fat mass is inversely 
associated with BMD (Liu et al., 2013arti Zhang). 
Because of the discrepancies in the results, the 
association between anthropometric and body 
composition parameters and bone mineral density 
remain unclear, and further studies are needed to 

explain this relationship. Based on the conflicting 
studies results, we aimed to investigate the effect of 
different anthropometric parameters such as weight, 
Body mass Index (BMI) and waist circumference on 
BMD at different bone sites in a cohort of Tunisian 
postmenopausal women. Also,we complete our study 
with an evaluation of the relationship between fat 
mass and lean mass at different body sites with BMD. 
 
II. MATERIAL AND METHODS 
 
1. Patients 
This is a cross-sectional clinical study involving 81 
women recruited during their visits for routine 
examinations, from the endocrinology department of 
the National Institute of Nutrition and Food 
Technology of Tunis, Tunisia.  
This study was approved by the local ethics 
committee of the National Institute of Nutrition and 
Food Technology of Tunis and a written or oral 
consent was obtained by all the participants before 
the study.  
Women admitted to this study must be at least 50 
years of age, post-menopausal (cessation of 
menstruation for at least 1 year), and previously 
undiagnosed for osteoporosis. We have excluded 
women with early menopause (before the age of 40), 
anterior pathological fracture, chronic inflammatory 
rheumatism, endocrinopathy and women taking 
treatments that may affect bone metabolism. 
 
2. Anthropometric and body composition 
measurements 
Each participant was weighed by a scale with a 
precision of 100g after keeping only her underwear. 
The height of each patient was measured in a 
standing position, on a standard height with an 
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accuracy of 1 millimeter. Waist circumference was 
measured at the narrowest part of the abdomen. The 
BMI of each patient was then calculated according to 
the following formula: BMI (kg/m²) = Weight / 
Height.  
 
The body composition was measured by Dual X-ray 
Absorptiometry (DXA). Thus, we quantified lean 
mass (g) and fat mass (g) at different body regions: 
legs, trunk and total. The values of the coefficients of 
variation (CV) obtained are 0.6% for lean body mass 
and 2.5% for body fat mass. 
 
3. Bone mineral density measurements 
DMO was measured by DXA using a Lunar prodigy 
device (GE Healthcare, Madison, USA) in the lumbar 
spine L1-L4, left and right femur, total hip, left and 
right femoral neck and the whole body. For this 
device, the CV were 0.35% for the whole body, 
1.25% for the lumbar spine (L1-L4), and 1.3% for the 
femoral neck. 
 
4. Statistical analysis 
Statistical analysis was performed by Statview 
software (Version 5, SAS institute Inc). A descriptive 

analysis of the studied population and the various 
data collected was carried out. Values were 
represented by the means ± SD. Pearson correlations 
were performed to examine the association between 
bone parameters and anthropometric and body 
composition parameters. Multiple linear regression 
analysis was used to identify predictive factors 
independently related to BMD. A p <0.05 was 
considered significant. 
 
III. RESULTS 
 
1. Descriptive statistics 
A total of 81 postmenopausal women were observed 
and anthropometric and body composition data were 
detailed in table 1. The mean age (± SD) was 58.40 ± 
6.08 years and the number of years since menopause 
was 10.79 ± 7.02 years. Women in this study was 
obese with an average of BMI of 33.36 ± 5.42 kg/m2 
(Table 1). 
 
The women recruited had an average value of the 
total body fat of 37326.48 ± 8615.18 g [17170-60660 
g] and a mean value of the total lean body weight of 
40805.76 ± 5766.78 g(Table 1). 

 
Table 1: Age, anthropometric and body composition parameters of the study population (n = 81) 

 Variables Mean ± SD 
Age parameters Age (years) 58.40 ± 6.08 
 Yearssincemenopause (years) 

 
10.79 ±7.02 

Anthropometricparameters Weight (kg) 81.54 ± 13.49 
 Height (cm) 156.45 ± 6.10 
 Waistcircumference (cm) 110.72 ± 12.94 
 BMI (kg/m2) 33.36 ± 5.42 
 
 
Body composition parameters 

 
Leg fat (g) 
Trunk Fat (g) 
Whole body Fat (g) 
 
Leg lean (g) 
Trunk lean (g) 
Whole body lean (g) 

 
12084.77 ± 4040.97 
19052.77 ± 4062.34 
37326.48 ± 8615.18 

 
              12145.13 ± 1813.39 

20101.64 ± 3560.05 
   40805.76 ± 5766.78 

The results are expressed in mean ± SD. BMI: Body Mass Index. 
Table 2 shows the mean (±SD) of BMD in the different skeletal sites measured. The mean BMD was 1.08 ± 
0.16 g/cm2 at the L1-L4 lumbar spine, 1.01 ± 0.13 g/cm2 at the total hip and 1.15 ± 0.09 g/cm2 in the whole 
body (Table 2). 
 

Table 2: Bone mineral densityof the study population (n = 81) 
Variables Mean ± SD 
L1-L4 lumbar spine BMD (g/cm2) 1.08 ± 0.16 
Left femur BMD (g/cm2) 1.02 ± 0.14 
Right femur BMD (g/cm2) 1.00 ± 0.13 
Total hip BMD (g/cm2) 1.01 ± 0.13 
Left femoral neck BMD (g/cm2) 0.93 ± 0.14 
Right femoral neck BMD(g/cm2) 0.93 ± 0.12 
Whole body BMD (g/cm2) 1.15 ± 0.09 
The results are expressed as mean ± SD. BMD: bone mineral density. 
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2. Associations of bone mineral density with age 
and anthropometric parameters 
A simple correlation analysis revealed that for all 
bone sites measured except the L1-L4 vertebrae, 
BMD correlates negatively and significantly with the 
age of the patients and the number of years of 
menopause (Table 3). 
Analysis of the correlation of anthropometric 
parameters with BMD shows that the weight 
correlates positively and significantly with BMD at 
all measured sites expect for L1-L4 vertebrae. Waist 
circumference correlates positively and significantly 
only with the whole body BMD (r = 0.263, p <0.05). 
We also observed a positive and significant 
correlation of BMI with BMD at the right femur, total 
hip, and whole body (r = 0.259, r = 0.258, r = 0.282 
respectively, p <0.05). Only height correlates 
significantly with BMD at all measured sites(Table 
3). 
Multiple linear regression analysis was performed to 
evaluate independent predictor of BMD. In this 
analysis, we only included parameters that correlated 
significantly with BMD in the simple correlation 
analysis. Through this analysis, we found a 
disappearance of the correlation of age with BMD. 
However, the number of years since menopause 

remains significantly and negatively correlated with 
BMD except for the Lumbar vertebrae and the whole 
body (Table 4). 
Also, multiple regression analysis demonstrated that 
waist circumference was the only anthropometric 
parameters that is significantly and independently 
associated with BMD and this at the lumbar vertebrae 
and the left femoral neck (β= -0.415; β=-0.387 
respectively) (Table 4).  
 
3. Associations of bone mineral density with body 
composition parameters 
Trunk fat mass correlates significantly and positively 
with BMD at all measurement sites except at the L1-
L4 vertebrae. In addition, the total body fat positively 
and significantly correlates with BMD of the left 
femur (r = 0.292, p <0.01), right femur (r = 0.286, p 
<0.01), total hip (r = 0.293, p <0.01) and whole body 
(r = 0.302, p <0.01). It is only the fat mass of the legs 
that does not correlate with BMD. Significant and 
positive correlations were found in lean body mass 
and total lean mass with BMD in all measurement 
sites. On the other hand, the lean mass of the trunk 
does not correlate significantly with the L1-L4 
vertebrae (Table 3). 

 
Table 3: Correlation of bone mineral density with age, anthropometric and body composition parameters (n=81) 

 L-BMD LF-
BMD 

RF-
BMD 

TH-
BMD 

LFN-
BMD 

RFN-
BMD 

WB-BMD 

Age  -0.172 -0.352** -0.379** -0.369** -0.356** -0.404** -0.304* 
Years since menopause 
 

-0.219 -0.397** -
0.419*** 

-
0.413*** 

-0.421*** -0.491*** -0.226* 
 

Weight  0.205  0.390**  0.362**  
0.381*** 

 0.232*  0.260*  
0.450*** 

Height 0.435***  0.298*  0.225*  0.265*  0.382**  0.320*  0.365** 
Waist circumference  -0.047  0.193  0.202  0.200  0.002  0.073  0.263* 
BMI -1.5.10-4  0.251  0.259*  0.258*  0.051  0.110  0.282* 

 
Leg fat  0.049  0.097  0.067  0.083  0.017  0.009  0.143 
Trunk fat  0.162  0.381**  0.395**  0.392**  0.243*  0.284*  0.347** 
Whole body fat  0.126  0.292**  0.286**  0.293**  0.144  0.171  0.302** 
 
Leg lean 

 
0.409*** 

 
0.451*** 

 
0.402*** 

 
0.432*** 

 
0.374*** 

 
0.363*** 

 
0.535*** 

Trunk lean 0.127 0.416*** 0.404*** 0.415*** 0.277* 0.322** 0.540*** 
Whole body lean  0.282*  

0.476*** 
 0.444*  

0.466*** 
 0.339**  0.363**  

0.608*** 
 
The results are expressed by the correlation coefficient of Pearson. Threshold of significance p <0.05 (Pearson 
correlation test). * p <0.05; ** p <0.01; *** p <0.001. BMD-L: Lumbar Bone Mineral Density (L1-L4); LF: left 
femur; RF: right femur; TH: Total hip; LFN: left femoral neck; RFN: Right femoral neck; WB: Whole body; 
BMI: Body Mass Index. 
 
Multiple linear regression analysis has been performed to evaluate independent predictor of BMD. Our results 
indicate that the fat mass of the trunk is positively and independently related to BMD of the right femur of the 
total hip and right femoral neck (p <0.05). Incontrast, the totalbody fat is no longer correlated with BMD (Table 
4).We also observed positive and significant correlations of lean mass with BMD at different measurement sites. 
Only the left and right femoral neck do not correlate with lean mass (Table 4). 
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Table 4: Multiple linear regression analysis of association between bone mineral density (dependent variable) and the measured 
parameters (n=81) 

 L-BMD LF-BMD RF-
BMD 

TH-BMD LFN-
BMD 

RFN-
BMD 

WB-BMD 

Age   0.145  0.059  0.011  0.036  0.049  0.014  0.019 
Yearssincemenopause 
 

-0.178 -0.358* -0.379* -0.373* -0.364* -0.438** -0.143 
 

Weight  0.281  0.853  0.534  0.707  0.409  0.438  0.045 
Height  0.315 -0.269 -0.235 -0.256  0.046 -0.102  0.132 
Waist circumference -0.415* -0.204 -0.135 -0.172 -0.387* -0.197 -0.181 
BMI -0.012 -0.651 -0.421 -0.546 -0.274 -0.399  0.054 

 
Trunk fat  0.220  0.439  0.561*  0.505*  0.482  0.497*  0.211 
Whole body fat -0.088 -0.426 -0.062 -0.138 -0.350 -0.395 -0.153 

 
Leg lean 0.338* 0.263 0.234 0.235 0.218 0.216 0.147 
Trunk lean -0.159 0.386* 0.477* 0.452* 0.269 0.328 0.371* 
Whole body lean  0.213  0.490  0.615*  0.411*  0.306  0.361  0.579* 
 
The results are expressed by the standardized β 
coefficient. Threshold of significance is p <0.05 
(multiple linear regression test). * p <0.05; ** p 
<0.01; *** p <0.001. L-BMD: Lumbar Bone Mineral 
Density (L1-L4); LF: left femur; RF: right femur; 
TH: Total hip; LFN: left femoral neck; RFN: Right 
femoral neck; WB: Whole body; BMI: Body Mass 
Index. 
 
IV. DISCUSSION 
 
Analysis of the relationship between anthropometric 
parameters and BMD at different bone sites shows a 
positive correlation of weight, height, and BMI with 
BMD. These data are similar to the results of several 
studies that demonstrated a positive and significant 
relationship between weight and BMI with BMD 
(Aguirre et al., 2014). Contrary to our findings, Zhao 
et al. believe that obesity has a negative effect on 
bone and contributes to increased risk of osteoporosis 
in older adults (Zhao et al., 2007). Some studies have 
also demonstrated a negative relationship of weight 
with BMD and increased risk of fracture with excess 
fat (Greco et al., 2010). 
 
In this work, the waist circumference, which provides 
an indication of central obesity, is negatively and 
independently correlated with BMD at the L1-L4 
vertebrae and the left femur. Similarly, Kim et al., 
Reported a negative relationship between waist 
circumference and BMD in all bone sites measured in 
postmenopausal women and consider waist 
circumference as a risk factor for vertebral fractures 
(Kim et al., 2010). 
 
Waist circumference is widely used for diagnosing 
abdominal obesity and estimating its severity. 
However, this measure does not allow to distinguish 
between abdominal adipose and muscle 
compartments and therefore does not reflect the body 
composition (Lemieux et al., 2000). For this, in our  

 
work the fat and lean values have been accurately 
evaluated by the DXA. Through body composition  
analysis, we found a positive correlation of trunk fat, 
total body fat and lean mass (leg, trunk and total) 
with BMD. However, after multiple linear regression 
analysis, trunk fat mass and lean mass at different 
measurement sites were independently and positively 
related to BMD and only trunk fat was positively 
associated with trunk BMM. Thus, our data suggest 
that body composition plays an important role in bone 
health with a role of lean mass and fat mass in 
improving BMD in obese subjects. 
 
Recently, it has also been shown that body fat appears 
to be a significant predictor of BMD in the spine, 
total hip (Zhu et al., 2015) and proximal femur (Nur 
et al., 2013).  However, in this work, we found that 
trunk fat had a significant effect only in the right 
femur, total hip, and right femoral neck. 
Body composition has been shown to play an 
important role in bone health. In terms of lean mass, 
it is likely that if the individual has a higher 
proportion of lean mass, he has significant muscle 
activity, which stimulates bone remodeling (Weeks 
and Beck, 2008). In this context, we concluded that 
lean mass correlates positively with BMD and this 
relationship remains significant after multiple linear 
regression in the right femur, total hip, and whole 
body. 
 
Similar findings indicate that lean body mass was 
positively related to BMD at the femoral neck and 
lumbar spine and plays an important role in 
improving bone health (Casale et al. 2016). In 
addition, studies have indicated that lean body mass 
is closely associated with spinal BMD and is an 
important predictor of lumbar spine BMD in 
postmenopausal women (Kang et al. 2016)hypothesis 
of a protective effect of lean mass on the vertebral 
column against fractures. 
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Several mechanisms may explain the positive effect 
of weight and fat mass on bone in postmenopausal 
women. First, it is generally accepted that high body 
mass causes a heavier mechanical burden on the 
bone, promoting osteoblast differentiation and thus 
increasing bone development. Weight gain during the 
post-menopausal period leads to an increase in the 
number of adipocytes, which represent an important 
source of estrogen derived from aromatization, 
leading to an increase in BMD in postmenopausal 
women (Filip and Raszewski, 2009). In addition, 
trunk fat has a role in estrogen production from 
androgens, decreased serum osteocalcin 
concentration, and amortization of bone trauma 
(Wardlaw, 1996). 
 
In conclusion, our finding suggests a positive 
association between the anthropometric parameters, 
body fat and lean mass with BMD whereas only trunk 
fat and lean mass seem to be strong predictor of BMD 
in this population. Further, research is required to 
explore the bone metabolism underlying these 
finding. 
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