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Abstract:  The aim of this study was to determine the relative contributions of fat mass and lean mass to the variability of bone mineral density 
(BMD) of the lumbar spine and proximal 1/3 forearm in Bulgarian women. 180 women aged 21 through 76 years participated (mean 
age 50.8 ± 9.7 years). 130 of them were postmenopausal. Lumbar spine and forearm BMD were measured by dual-energy X-ray 
absorptiometry, followed by a whole-body scan for body composition examination (Hologic QDR 4500 A device, software version 
1.26). The strongest linear correlation was found with body weight (r2=0.231, p<0.001).  Using this model, 18.1 % of the variability 
of lumbar spine BMD was attributable to fat mass and 16.0 % to lean mass. The relative influence of fat mass on L1-L4 BMD was 
greater than that of lean mass (standardized regression coefficient 0.291 versus 0.199). There were weak correlations of body weight, 
fat and lean mass with the forearm BMD. Lean mass correlated slightly better (r=0.187, p=0.050) to forearm BMD than fat mass 
(r=0.162, p=0.055). In conclusion, the differentiation between fat and lean mass does not strengthen the BMD correlations beyond 
that with total body weight.
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1. Introduction
Obesity is regarded as a protective factor against osteo-
porosis and fractures. In a large meta-analysis low body 
mass index (BMI) emerged as a risk factor for fractures 
with the risk decreasing non-linearly with increasing 
BMI [1]. The identification of the body compartment (i.e. 
fat or lean mass), which is better correlated with bone 
mineral density (BMD) is, therefore, of interest. A num-
ber of previous studies favor the contribution of lean 
mass to the variability of BMD in adolescents and young 
women [2-4]. The dominant effect of lean mass on BMD 
compared to that of fat mass is also found in postmeno-
pausal women, although less consistently [5-7]. 
 The aim of this study was to test the relative contri-
butions of body fat and lean mass to the variability of 
BMD of the lumbar spine and the proximal 1/3 forearm 
in Bulgarian women. 

 

2. Materials and methods
2.1 Study population 
This is a cross-sectional study. All participants had been 
referred by their general practitioner; endocrinologist or 
rheumatologist for bone density testing or whole body 
scans and gave their informed consent. The study was 
approved by the responsible authorities. During the 3-year 
study, 180 women aged 21 through 76 years participated 
(mean age 50.8 ± 9.7 years). 130 of them were postmeno-
pausal (mean age at menopause 45.7 ± 7.1 years). 
 Subjects with any medical conditions or medications 
known to cause excessive obesity, dehydration, water 
retention or electrolyte disturbance affecting body com-
position measurements were excluded from this study. 
All participants had no history of secondary osteoporosis 
caused by diseases or medications. The exclusion crite-
ria also included the presence of deformed or fractured 
lumbar vertebrae, severe scoliosis (>15°) and other condi-
tions which interfere with proper analysis of BMD scans.
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2.2 Experimental procedures  
All subjects underwent a structured interview followed 
by lumbar spine and non-dominant forearm bone min-
eral density (BMD) and body composition measure-
ments obtained using dual-energy X-ray absorptiometry 
(DXA). Forearm dominance was self-reported by the 
participants in the study. A Hologic QDR 4500 A device 
with software version 1.26 was used (Hologic Inc., Bed-
ford, MA, USA). BMD was expressed in g/cm2, young 
adult T-scores and age-adjusted Z-scores according 
to the Hologic DXA lumbar spine L1-L4 and proximal 
1/3 forearm Caucasian female reference data (versions 
from 04/11/1991 and 25/10/1991 respectively). The 
body composition data included percent body fat (% fat), 
lean mass and fat mass, both of which were measured 
in grams (g). Body weight was also assessed from the 
whole body scan using the software. BMI was calculat-
ed in kg/m2 based on stadiometer height measurements 
(Tanita TBF-215 bio-electrical impedance analyzer; 
Tanita Corp., Japan) and DXA whole body scan weight 
measurements. The DXA site-specific precision errors, 
expressed as% coefficient of variation, were found to be 
1.4% for whole body fat mass and lean mass, 1.26% for 
lumbar spine BMD and 1.1% for forearm BMD.

2.3 Statistical analysis
A sample size of greater than 150 participants was re-
garded as the minimum for statistical power. The sta-
tistical analysis was performed using SPSS statistical 
software for the WINDOWS 13.0 platform (SPSS corp., 
Chicago, IL, USA, 2004). The data were first tested for 
normal distribution and homogeneity of variance. ANO-
VA and non-paired Student’s t-tests were performed. A 
number of regression analyses were conducted: linear, 
logarithmic, inverse, quadratic, cubic, compound, pow-
er, S, and exponential. Multiple linear regression analy-
ses were performed to evaluate the effect of fat and lean 
mass on BMD of the lumbar spine and the non-domi-
nant forearm (selected according to data provided by 
the patients). They were performed following the com-
pletion of co-linearity tests using the backward method. 
An alpha-level of 0.05 was considered statistically sig-
nificant. In an effort to find correlations of BMD with fat 
and lean mass respectively in the general female popu-
lation, subgroup analyses were not performed based on 
menopausal status.

3. Results
The study population consisted of slightly obese women 
(the mean body mass index was 32.7 ± 4.5 kg/m2). 
The mean body weight of the participants was 84.3 ± 

19.6 kg; the mean fat mass – 36.6 ± 13.0 kg; and mean 
lean mass – 46.0 ± 7.6 kg. Mean participant% body fat 
was 42.3 ± 6.2%. 118 of the women (65.6%) had a BMI 
≤ 35.0 kg/m2 and 62 (34.4%) had a BMI > 35.0 kg/m2. 
The BMD data of the participants are presented as ab-
solute values (expressed in g/cm2) and T-, and Z-scores 
(expressed in standard deviations) in Table 1.  22.2% 
of the women were found to have a lumbar spine T-
score ≤ -2.5 (consistent with osteoporosis), 25.6% had 
a T-score between -1.0 and -2.5 (low bone density) and 
52.2% - a T-score above -1.0 (normal bone density). 
The corresponding T-score percentages for the proxi-
mal  1/3 forearm were found to be 13.9%, 24.4% and 
61.7% respectively.

 Compared to post-menopausal women, pre-meno-
pausal women had lower body weight (by a mean of 
5.1 kg), lower BMI (by a mean of 1.7 kg/m2), lower body 
fat (by 3.5%) and higher BMD at both site. That is, only 
8.0% of the women had lumbar spine T-scores ≤ -2.5 
and 18.0% - a T-score between -1.0 and -2.5. The re-
maining 74.0% had normal BMD.
 At the lumbar spine the strongest correlation was 
found between BMD and body weight, followed by that of 
BMD and fat mass. Table 2 summarizes the correlation 
coefficients between lumbar spine BMD (in g/cm2), body 
weight and its components – fat and lean mass. The best 
models describing these correlations were the quadratic 
and cubic, as is often seen in biological variables. The 
linear model was, however, only slightly inferior.
 According to the cubic model (the best fitting model), 
whole body weight was responsible for 28.0% of the 
variability in L1-L4 BMD, while fat mass and lean mass 
were responsible for 22.9% and 20.2% of the variabil-
ity respectively. Using the simple linear equation, these 
variability contributions were found to be 23.1%, 18.1 %, 
and 16.0% respectively. The combined contribution of 

Mean Standard deviation Range

Age, years 50.8 9.7 21.0 - 76.0
Age at menopause, years 45.7 7.13 31.0 - 56.0

Height, cm 160.5 5.4 148.0 - 172.0

Body weight, kg 84.3 19.6 45.8 -138.2

Fat mass, kg 36.6 13.0 15.3 - 69.8

Lean mass, kg 46.0 7.6 28.5 - 66.3

% body fat 42.3 6.2 23.5 - 55.7

Lumbar spine BMD, g/cm2 0.954 0.174 0.581 - 1.539

Lumbar spine T-score -1.0 1.5 -4.2 - +4.9

Lumbar spine Z-score -0.1 1.4 -2.9 - +5.4

1/3 forearm BMD, g/cm2 0.653 0.104 0.371 – 0.800

1/3 forearm T-score -0.54 1.22 - 3.8 - +1.2

1/3 forearm Z-score 0.02 1.33 -2.8 - + 1.8

Table 1. Anthropometric and BMD values at the lumbar spine and 
1/3 proximal forearm (in g/cm2). 
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fat and lean mass to the variability of lumbar spine BMD 
in this linear model was 20.5%. 
 The multiple linear backward regression analyses 
produced the following equation (p<0.001):
BMD L1-L4 (g/cm2) = 0.594 + 0.004 x fat mass (kg) + 
0.004 x lean mass (kg)
 The results in Table 3 show that fat mass had, how-
ever, a stronger impact on L1-L4 BMD. This resulted 
in higher standardized regression coefficients (0.291 
for fat mass versus 0.199 for lean mass) and a higher 
statistical significance level (p=0.033 for fat mass and 
p=0.141 for lean mass).

 The type of correlation between lumbar spine BMD 
and fat and lean mass respectively remained the same 
when examined separately in participants with different 
BMI (below and above 35.0 kg/m2). The regression co-
efficients were, however, different and with a lower sta-
tistical significance.
 In comparison to the lumbar spine, the correlations 
of body weight, fat and lean mass with forearm BMD 
were weaker, of borderline significance, and are there-
fore, not shown in detail. Similarly to the lumbar spine 
results, the strongest linear correlation of forearm BMD 
was found with body weight (r=0.277, p=0.001).  How-
ever, in contrast to the lumbar spine, lean mass corre-
lated slightly better (r=0.187, p=0.050) than did fat mass 
(r=0.162, p=0.055). A multiple linear backward regres-
sion analysis produced the following equation: 

 Proximal 1/3 forearm BMD (g/cm2) = 0.564 + 0.002 x 
lean mass (kg) + 0.0014 x fat mass (kg)
 The level of statistical significance was p=0.005.

4. Discussion
A body composition and BMD correlation study was con-
ducted favoring the role of fat mass on lumbar spine BMD 
variability. In contrast, forearm BMD (composed of purely 
cortical bone) is much less influenced by body weight, 
with lean mass showing a somewhat stronger correlation. 
 In a similar study, body weight, lean and fat mass 
were all positively correlated with BMD at the lumbar 
spine, femoral neck and 1/3 forearm [7]. However, fat 
mass had generally a stronger correlation to BMD than 
lean mass at all sites. Lean mass was not significantly 
correlated to the femoral and forearm BMD after control-
ling for fat mass and years since menopause [7].
 A recent study addressed the issue in reproductive-
aged women of different races/ethnicities (white, black 
and Hispanic) and produced opposing results [8]. Fat-
free mass correlated more strongly than fat mass with 
BMD at the lumbar spine (r=0.52 versus r=0.39) and 
the femoral neck. The association of fat-free mass with 
spinal BMD was greater in 16-24-yr-old than in 25-33-yr-
old women [8]. The effect of fat mass on spinal BMD 
was less in blacks than Hispanics. The authors conclud-
ed that both fat mass and fat-free mass are contributors 
to bone density, although their relative importance might 
be slightly different in populations of different age, race, 
and ethnicity [8]. 
 In the present study, pre- and post-menopausal 
women were not examined separately for two reasons: 
to preserve the integrity of the calculations as applied 
to the general female population and to preserve better 
statistical power.
 Another recent study investigated the association of 
bone mineral density and body composition in patients 
with chronic obstructive pulmonary disease [9]. Lum-
bar spine BMD was best correlated with BMI (r=0.37, 
p=0.01), followed by fat-mass index (r=0.35, p=0.02) 
and fat-free mass index (r=0.32, p=0.03). The results 
of that study showed that the correlations are of similar 
magnitude, with all of them being rather weak (r<0.5), 
which is in concordance with the data from the current 
study [9].
 The difference in the results of the present study 
when compared to other studies favoring the role of lean 
mass on lumbar spine BMD [2-6,8] can be explained in 
terms of a number of factors:
1. The contribution of fat and lean mass to BMD might 
differ substantially in cortical and trabecular portions of 

Model R Square

Equation Fat mass Lean mass Total body weight % body fat
Linear 0.181 0.160 0.231 0.106

Logarithmic 0.207 0.177 0.258 0.095

Inverse 0.209 0.190 0.275 0.077

Quadratic 0.226 0.202 0.280 0.117

Cubic 0.229 0.202 0.280 0.112

Compound 0.181 0.154 0.232 0.109

Power 0.212 0.174 0.265 0.097

S 0.220 0.191 0.288 0.079

Exponential 0.181 0.154 0.232 0.109

The significance was p<0.001 for all equations including body weight, 
fat and lean mass, and 0.01 > p > 0.001 - for the% body fat.

Table 2. Correlation coefficients (R-square) from curve estimation 
analyses with lumbar spine BMD as the dependent 
variable and body weight,% body fat, fat and lean mass, as 
the independent variables.

Non-standardized 
coefficients

Standardized 
coefficients Significance, p

B Standard error Beta

Constant 0.594 0.106 <0.001
Fat mass 0.004 0.002 0.291 0.033

Lean mass 0.004 0.003 0.199 0.141

Table 3. Standardized and non-standardized regression coefficients 
describing the correlations of lumbar spine BMD and fat 
and lean mass respectively in the linear model.
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bones. The different proportions of the two bone com-
ponents might explain the discrepancies noted in the 
results of previously published studies focusing on the 
lumbar spine, femoral neck and distal forearm.
2. Age and obesity might alter the relative contributions 
of both lean and fat mass as sarcopenia is common in 
the elderly postmenopausal population. Aging and obe-
sity might increase the proportion of fat mass and, there-
fore, its influence on BMD. 
 A study looked at the differential effects of body com-
partments on BMD in women with or without osteoporosis 
and higher fat mass [6]. Fat mass was strongly associat-
ed with BMD only in osteoporotic and obese postmeno-
pausal women. In non-osteoporotic women, lean mass 
was significantly associated with BMD (p < 0.001), while 
fat mass was not. In osteoporotic women, both lean and 
fat mass were equally associated with BMD (P < 0.05). 
In women with a fat/lean mass ratio greater than 1 (as an 
indicator of overweight/obesity), fat mass affected BMD 
(P < 0.05), while lean mass did not [6]. 
 Lean mass is believed to drive bone mass accrual 
and strength during adolescence, in addition to BMD 
maintenance during adulthood [10]. On the other hand, 
fat mass is metabolically more active and might have a 
greater influence on overweight and obese individuals 
(as in our study population). Furthermore, the role of gen-
der cannot be excluded as there may be sex-specific dif-
ferences in the impact of the fat and lean body compart-
ments on BMD [11]. A DXA study examined muscle-bone 
relationships in the whole body and limbs of 2512 normal 
men and pre- and post-menopausal women [12]. Besides 
the obvious anthropometric associations, fat mass was 

suggested to exert a mechanical effect as a component 
of body weight, which was clearly evident in the lower 
limbs, while muscle contractions were found to induce a 
more significant, dynamic effect in both lower and upper 
limbs. In this study, muscle mass was found to have a 
greater influence than fat mass, body weight and age on 
BMD of the whole body and lower limbs, regardless of the 
gender and reproductive status of the individual [12]. 
 A limitation of our study is the relatively limited 
number of participants, which did not allow for further 
subgroup analyses based on presence/absence of low 
BMD, menopause or overweight/obesity. Moreover 
there was a bias toward higher body weights than those 
expected in the general Bulgarian female population.
 In conclusion, our data show that fat and lean mass 
have a rather similar effect on BMD, even though this 
may differ in different sample populations and measure-
ment sites. They do not add any information to that pro-
vided by total body weight as the differentiation between 
fat and lean mass does not significantly strengthen their 
respective correlations with BMD. 
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