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Introduction 
Osteoporosis is characterized by low bone mass 
(1). Bone mineral density (BMD) is a significant 
determinant of fracture risk (2). As a precursor 
of age related fractures, osteoporosis is a major 
public health problem. A previous study has showed 
that osteoporotic fractures imposed a burden of 
$13 billion to the United States in 1995 (3). With 
the growing life expectancy, one could expect this 
burden to increase as we moved to the 21st century. 
The prevalence of overweight and obesity is in-
creasing in spite of public health efforts, even in 
the most developed nations (4). Several studies 
have attempted to discover associations between 
anthropometric measures such as weight, body 
surface area, height, and fat mass with BMD. A 

low body weight is shown to be associated with 
low bone mass and increase risk of fractures (5, 
6). It has also been shown that body height is 
positively associated with higher calcium absorp-
tion (7). Body surface area, as a non-linear com-
bination of weight and height, is consequently linked 
with osteoporotic fractures, while body mass index 
(BMI) is not (7). It has also been postulated that 
some anthropometric factors like patient’s weight 
could be used to increase the diagnostic value of 
BMD in women at risk of osteoporotic fractures (8). 
Recent studies have shown that obesity and os-
teoporosis share several common genetic and en-
vironmental factors (9). Obese osteoporotic pa-
tients are also affected by cardiac and metabolic 
problems more frequently than those with normal 
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body mass are (10). On the other hand, weight 
loss regimens and surgeries put people at risk of 
osteoporosis, by causing calcium malabsorption 
(11). This is of particular importance when con-
sultations are being made about weight loss in 
postmenopausal women. Previous studies have sug-
gested that weight loss should occur at a moder-
ate pace and be accompanied by higher calcium 
intake, to avoid bone loss (12). Interestingly, over-
weight women (BMI between 25 and 29.9 kg/m2) 
are prone to greater bone loss, compared to obese 
women (BMI between 30 and 40) (13). In other 
words, the association of anthropometric measures 
and bone mineral density is not only important at 
cross-sections, but also when they change over 
time, for example by weight loss regimens. 
It has been shown that different ethnic groups may 
have different anthropometric measures and require 
population-specific cut-off points for these indices 
(14). This finding implicated similar studies to be 
undertaken in other countries. The initiation of Ira-
nian Multicenter Osteoporosis Study (IMOS) in 
2000 provided anthropometric and densitometry 
data for a random sample of Iranian population (15). 
In this study, we tried to identify probable rela-
tions between anthropometric measures like weight, 
height, BMI and WHR, and bone mineral density.  

 
Materials and Methods 
We based our study on the data gathered by 
IMOS, a national multicenter study which was 
conducted in duration of 3 mo in 2000. In this 
study, epidemiologic data were collected for the 
4445 contributors who were sampled from healthy 
men and women with age 20-70 yr old  residing in 
various regions of Iran using randomized clustered 
sampling. 
Measured anthropometric indices included height, 
weight; waist circumference (WC) and hip circum-
ference (HC) were measured by a trained person 
and a single method in all centers. Weight was 
measured using a digital electronic weighing scale 
without shoes with ±100 grams accuracy. Height 
was measured without shoes, in standing posture, 
by a tape meter stadiometer with 1 mm accuracy. 

Body mass index was calculated by dividing 
weight to square of height, and subjects were 
categorized to four groups of underweight (BMI< 
18.5 kg/m2), normal (BMI= 18.5-24.9 kg/m2), 
overweight (BMI= 25-29.9 kg/m2) and obese 
(BMI≥ 30 kg/m2) (16). Waist and hip circumfer-
ences were measured using the standard protocols 
and Waist-to-hip ratio (WHR) was simply calcu-
lated by dividing WC to HC. 
Bone mineral density was measured in three dif-
ferent locations: neck of femur, total femur, and 
lumbar spines. Bone densitometry was performed 
using Dual-energy X-ray Absorptiometry (DXA) 
technique with a single protocol which was de-
scribed previously (15) and a similar Lunar DPX 
device (Lunar 7164, GE, Madison, WI), in cen-
ters located in the cities of Tehran, Mashhad, 
Shiraz and Tabriz, and the results were reported 
in g/cm2. The machine was calibrated daily, and 
the coefficients of variation (CVs) of DEXA meas-
urements at the lumbar spine and the hip were 1-
1.5% and 2-2.5%. Several other variables were also 
measured which are beyond the interest of this study. 
Individuals taking drugs with known effect on 
bone mineral density were excluded from this study, 
as were those with conditions corresponding to 
secondary osteoporosis, such as thyroid and para-
thyroid diseases, malignancy, DM-1, CRF, CHF, 
adrenal insufficiency, metabolic bone disease, rheu-
matoid arthritis and history of amenorrhea or in-
fertility. Details of design and methods of this study 
were explained previously (15).  
Data were analyzed by means of SPSS version 
13.0 (SPSS inc) using t-test and one way ANOVA 
(for comparing the mean of BMD in BMI cate-
gories). Variables were normally distributed and 
there was a linear relationship between the de-
pendent and independent variables. 
According to this fact that the epidemiological 
conditions and risk factors for osteoporosis in men 
and women are different, we examined the re-
lations between anthropometric measures and BMD 
in both genders separately. Finally, linear regres-
sion analysis was done to determine the independ-
ent effect of variables related with BMD.  
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Results 
Data were completely available for 4445 sub-
jects, consisting of 1900 males (42.7%) and 2545 
females (57.3%). A summary of demographic and 
anthropometric features of the population is pre-
sented in Table 1. 
Correlation analysis was used to investigate the con-
tinuous variables related with BMD.BMD was 
significantly correlated to weight, height, body mass 
index and waist-to-hip ratio (P< 0.001, Table 2) 
in both males and females. This association existed 
regardless of the location of BMD measurement 
and it was generally stronger for WHR and weight 
(correlation coefficient was equal to 0.315 for 
WHR, 0.337 for weight and 0.191 for BMI, when 
bone mineral density of neck of femur was con-
sidered). With comparing the mean of BMD in 
BMI categories, there were significant differences 

between groups. Post hoc analysis showed that all 
groups were different from each other (P< 0.001, 
Table 3). Furthermore, there was a rising trend in 
BMD means when BMI raised in BMI categories. 
Distribution of bone mineral density results in dif-
ferent BMI categories in lumbar spines was shown 
in Fig. 1. 
Further analyses showed that a linear regression 
model fit for the effects of age, current smoking, 
current physical activity less than 3 times per 
week and BMI on BMD was statistically signifi-
cant for all of the variables in different BMD sites 
(P< 0.001, Table 4), while a similar model fit for 
age, current smoking, current physical activity less 
than 3 times per week and WHR was statistically 
significant for WHR and physical activity in dif-
ferent sites of BMD (P< 0.001) and only in L1-
L4 spines for age (P= 0.024, Table 5). 

  
Table 1: Demographic and anthropometric features of the population, separated by gender and city of residence 

 
  Tehran 

n (%) 
Mashhad 

n (%) 
Tabriz 
n (%) 

Shiraz 
n (%) 

Male Age 44 (15) 43 (14) 41 (15) 46 (15) 
 Height 169 (8) 170 (8) 174 (7) 167 (10) 
 Weight 75 (13) 74 (12) 75 (13) 69 (13) 
 WC 90 (13) 91 (12) 93 (12)  
 HC 98 (11) 101 (9) 105 (8)  
Female Age 43 (12) 41 (11) 41 (15) 44 (15) 
 Height 156 (7) 157 (6) 159 (6) 166 (10) 
 Weight 68 (14) 67 (13) 69 (13) 67 (13) 
 WC 91 (13) 86 (12) 93 (14)  
 HC 106 (9) 105 (12) 108 (10)  

Height is measured in centimeters, weight is measured in kilograms. Waist circumference (WC) and hip circumference 
(HC) were also measured in centimeters. Values are presented as mean (standard deviation). 

 
Table 2:  Correlations between different anthropometric measures and bone mineral density at different locations 

  
  Neck of femur Total femur L1-L4 spines 

Height 0.291 (<0.001) 0.205 (<0.001) 0.298 (<0.001) 
Weight 0.337 (<0.001) 0.421 (<0.001) 0.242 (<0.001) 
BMI 0.191 (<0.001) 0.323 (<0.001) 0.128 (<0.001) 

Female 

WHR 0.315 (<0.001) 0.316 (<0.001) 0.313 (<0.001) 
Height 0.387 (<0.001) 0.299 (<0.001) 0.235 (<0.001) 
Weight 0.306 (<0.001) 0.382 (<0.001) 0.367 (<0.001) 
BMI 0.095 (<0.001) 0.234 (<0.001) 0.254 (<0.001) 

Male 

WHR 0.367 (<0.001) 0.355 (<0.001) 0.403 (<0.001) 
* BMI, body mass index; WHR, waist-to-hip ratio. 
* Data is presented as Pearson’s correlation coefficient (p-value). P-values lower than 0.05 are considered as statistically 
significant. 
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Table 3: Bone mineral density (g/cm2) in different BMI categories 
  

 Under weight 
Mean (SD) 

Normal 
Mean (SD) 

Over weight 
Mean (SD) 

Obese 
Mean (SD) 

P-  Value 

Neck of femur 0.715 (0.122) 0.751 (0.136) 0.767 (0.131) 0.787 (0.127) < 0.001 
Total femur 0.821 (0.126) 0.883 (0.144) 0.926 (0.139) 0.968 (0.138) < 0.001 
L1-L4 spines 0.891 (0.144) 0.953 (0.151) 0.978 (0.151) 0.999 (0.154) < 0.001 

 

 
*Results are presented as mean (standard deviation). 

 
Fig. 1: Distribution of spinal (L1-L4) mineral density in different BMI categories 

 
Table 4: Linear regression model A fit for different demographic measures and BMI, to predict bone mineral density 

 
 Neck of femur* Total femur** L1-L4 spines  

Parameter coefficient P-value coefficient P-value coefficient P-value 
Age -0.006 < 0.001 -0.004 0.007 -0.005 < 0.001 
Current smoking -0.031 < 0.001 -0.032 0.001 -0.035 < 0.001 
Current Physical 
activity (< 3 
 /week) 
 

-0.064 < 0.001 -0.066 < 0.001 -0.051 < 0.001 

BMI 0.007 < 0.001 0.011 < 0.001 0.007 < 0.001 
 
l BMI, body mass index 
* R2 = 0.21    ** R2 = 0.25       R2 = 0.26     



Iranian J Publ Health, Vol. 40, No.2, 2011, pp.18-24 

22 

Table 5: Linear regression model B fit for different demographic measures and WHR, to predict bone mineral density 
 

 Neck of femur* Total femur** L1-L4 spines  

Parameter Coefficient P-value Coefficient P-value Coefficient P-value 
Age -0.002 0.51 -0.002 0.242 -0.003 0.024 
Current smoking -0.012 0.187 -0.006 0.521 -0.012 0.228 
Current Physical activity  
(< 3 /week) -0.049 < 0.001 -0.052 < 0.001 -0.037 0.001 

WHR 0.314 < 0.001 0.352 < 0.001 0.342 < 0.001 
l WHR, waist-to-hip ratio 
* R2 = 0.29   ** R2 = 0.21        R2 = 0.26            
 
Discussion 
In this population-based study, we found a rela-
tively mild correlation between WHR and BMD 
in the first place; and regarding the results of the 
regression analysis, it is likely that the associa-
tion is not confounded by the other variables. 
Cigarette smoking, age and low physical activity 
have been implicated as risk factors for low bone 
mass and osteoporotic fractures in several reports 
(17, 18). Furthermore, the association between BMI 
and BMD, although not as strong, remained emi-
nently significant when reassessed through a re-
gression model indicating that the association is 
not being confounded, at least by the variables 
incorporated in the model.  
Our study is similar to Johnell et al’s by design 
(2). They focused on the fact that the connection 
between lower body mass and higher risk of hip 
fractures may be partly due to the higher vulner-
ability of people with lean bodies to the effects 
of falling. To investigate if there is a direct con-
nection between lower body mass and osteoporotic 
fractures, they focused on spine fractures. Their 
conclusion was that lower body weight is associ-
ated with presence of vertebral deformities. We 
noted that the correlation between different anthro-
pometric factors and bone mineral density was of 
similar strength in different measures, particularly 
in spine. We believe this fortifies the findings of 
Johnell et al, and suggests that lower vertebral min-
eral density can plays a role in the pathophysiol-
ogy of fractures in those with lower body mass. 
Furthermore, bone mineral density is under strong 
genetic control, for example polymorphism of vi-

tamin D receptor has been suggested to account 
for some of the genetic variation in bone mass (19). 
Zhao et al took a different approach in their re-
search on the relationship of obesity and osteo-
porosis (20). They divided their subjects into the 
two groups of Chinese and Caucasians, looking 
for the role of ethnicity and genetics in this asso-
ciation. They concluded that fat mass is inversely 
correlated with bone mass when the mechanical 
loading effects of body weight on bone mass were 
controlled. A common limitation of their study and 
ours is the cross-sectional design; the relation-
ship between bone mass and obesity (or anthro-
pometric measures used to describe obesity, e.g. 
body mass index) might be confounded by cohort 
effects. This implies that longitudinal studies should 
be carried out to investigate further the strength 
and pathophysiology of these relationships. 
One clinical implication from our work relates to 
the use of simple weight adjustments for bone mass 
measurements. The International Society of Clini-
cal Densitometry (ISCD) has showed that weight 
adjustments should not be applied to bone density 
measurements as a single concern about the validity 
of the corrections (21). Different ethnic groups 
have different fat distributions and assessment of 
soft tissue composition such as lean body mass 
or fat mass and adjustment for these differences 
can provide a more complete picture of ethnic dif-
ferences in BMD (22). Although weight and body 
composition exert important effects on BMD, sex-
specific differences have been shown in some stud-
ies. In the study on a group of healthy older men 
and women, fat mass has a positive effect on femo-



HR Aghaei Meybodi et al: Association between Anthropometric … 

 
 

23 

ral neck BMD in white and black women but 
has no effect on men (23). In our study there was 
a positive relation between all anthropometric 
measures and BMD in both genders that can be 

explained by genetic determinants. However, our 
findings provide the best available data to date, 
which could be applied to the Iranian population. 
Morin et al had previously confirmed that higher 
weight is accompanied by higher mineral den-
sity and lower risk of fractures in women aged 
40 to 59 yr (24). Weight loss regimens and sur-
geries are in wide use around the world. Weight 
loss could result loss in bone mineral density, 
especially in obese women. This effect may vary 
depending on the method used for weight loss 
(25). We also noted a positive correlation between 
weight and bone mineral density in our study 
sample. Our data could not be used for further 
investigation about the effect of weight loss one 
BMD, due to the cross-sectional design of the 
study. Another limitation of this study is that nu-
tritional state of this population was not evaluated 
exactly and these parameters may have impact on 
bone density. 
In summary, our study confirms the presence of a 
positive association between anthropometric meas-
ures like weight and derivative measures like body 
mass index and waist-to-hip ratio with bone min-
eral density in different locations of bone mineral 
densitometry in a large random sample of Iranian 
population. 
It should be noted that the present study has not 
adjusted the data for clustering effect; further stud-
ies are therefore needed to overcome this limitation. 
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