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Men and women do not have the same relation between body 
composition and bone mineral density in Brazilian people
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ABSTRACT

Objectives: The main objective this study was to examine if lean mass and the adiposity related with BMD in a 
eutrophic population of Brazilian adults, in different sites and gender. Methods: A crossectional observational 
study, without intervention. One hundred non-obese men and women, aged 20-40 years, who did not 
practice regular physical activity were evaluated. Body composition analysis was conducted by dual energy 
X-ray absorptiometry (DXA), and multiple regression was used to examine the sex-specific association between 
adiposity and lean mass profiles. Results: Even after adjusting for age, sex, and BMI, total fat mass was inversely 
associated with total BMD (β=-4.52 g/cm2, p<0.01). Lean mass was positively associated with BMD and 
female groups. In our study the lean mass has a postive effect in BMD for eutrophic Brazilian adults, opposite 
of adiposity. Although when stratified by gender, in adults women lean mass and adiposity have positive effects 
on BMD, which did not happen with men. 
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1 Introduction

Obesity and osteoporosis are increasing in prevalence, 
globally, and pose a large burden to public health. Clinical 
presentation of both is heterogeneous and although widely 
studied, the interrelationship between excess adiposity and 
bone mineral density (BMD) is less understood (BOGL, 
LATVALA, KAPRIO et al., 2011).

Osteoporosis is defined as a loss of bone mass and diminished 
integrity of the microarchitecture structure, which leads to 
fragility in the bone and elevated risk of fractures. According 
to a study published in 2014, the prevalence of osteoporosis 
in United States was 10.2 million, in people over 50 years 
(JOHNELL and KANIS, 2006). Risk of fracture coincides with 
an elevated risk for multiple comorbidities and early mortality.

The convention that higher body mass index (BMI) has a 
positive association with bone mineral density (BMD) is well 
supported by the literature (BIAN, LI, YING et al., 2015; 
VAN LANGENDONCK, CLAESSENS, LEFEVRE et  al., 
2002; JIANG, ZHANG,  JIN  et  al., 2015). This occurs 
because of the mechanical overload in the bone is elevated with 
greater BMIS, leading to activated osteoblasts and inducing 

bone turnover, the piezoelectric effect and even the traction 
mechanism of the muscles at the bone.

Studies that have examined the link between body composition 
and BMD demonstrate that lean mass and fat mass both 
contribute to loading and the formation of the bone mass. 
Indeed, many studies show a positive relationship between lean 
mass and BMD suggesting that a higher BMI predominating 
muscle mass could be an inductor to the bone mineralization 
(VAN LANGENDONCK, CLAESSENS, LEFEVRE et al., 
2002; JIANG, ZHANG, JIN et al., 2015; PLUIJM, VISSER, 
SMIT et al., 2001; PARK, SONG, SUNG et al., 2012; SHAO, 
LI, LIU et al., 2015; HO-PHAM, NGUYEN, LAI et al., 2010).

In relation to the fat mass, there is no consensus. Some 
studies suggest that fat mass has a negative association with 
BMD (SHAO, LI, LIU et al., 2015; HO-PHAM, NGUYEN, 
LAI et al., 2010; SILVA, MENDONÇA, CONCEIÇÃO et al., 
2007; ZHANG, PETERSON, SU et al., 2015), while others 
claim the opposite. As  the fat mass is a component of the 
body composition, there should be the same correlation 
with the body composition and the BMI (HSU, VENNERS, 
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TERWEDOW et al., 2006; KIN, KUSHIDA,  YAMAZAKI et al., 
1991; ZHU, HUNTER, JAMES et al., 2015).

Various studies have attempted to define which of the 
components of the body composition is more important to 
predict BMD (BOGL, LATVALA, KAPRIO  et  al., 2011; 
JIANG, ZHANG, JIN et al., 2015). Most demonstrated that 
lean mass is a better predictor of the BMD. While others have 
demonstrated that fat mass has a stronger positive correlation 
with BMD (HO-PHAM, NGUYEN, LAI et al., 2010). 

Fat mass could present a negative association with BMD, 
thus indicating that BMI predominating adipose tissue would 
be harmful for the bone tissue. In this situation there are 
many potential mechanisms involved. It is also, where obesity 
and osteoporosis show interrelationship (BOGL, LATVALA, 
KAPRIO et al., 2011; JIANG, ZHANG, JIN et al., 2015). 
Some studies already demonstrated that obesity has several 
pathophysiological consequences among bones and skeletal 
muscle. The adipose infiltration into bones could be part of an 
evolutionary process associated with obesity and cardiometabolic 
diseases; however, the contribution of low physical activity 
participation and exaggerated sedentary behaviors is also a 
primary driver (REID, 2008; GOODPASTER, KELLEY, 
THAETE et al., 2000; VETTOR, MILAN, FRANZIN et al., 
2009; BREDELLA, GILL, GERWECK et al., 2013; GOWER 
and CASAZZA, 2013).

It is possible that ectopic fat may be present even before 
higher values of BMI are reached. Visceral adiposity is robustly 
associated with risk of cardiometabolic diseases. Some studies 
have shown a possible relationship between visceral adiposity 
and bone fragility. In the study of Zhang, Peterson, Su et al. 
(2015), it was found out that visceral adiposity is strong and 
inversely associated with trabecular and cortical BMD of the 
vertebra.

Another find related to obesity is that the adipose infiltration 
into muscles, support skeletal muscle fragility or sarcopenia, 
which is important for the BMD because its mechanical 
effect of the skeletal muscle in bone (ZHANG, PETERSON, 
SU  et  al., 2015). Few studies have examined longitudinal 
increases in BMI and body fat in men was associated with 
declines in muscle mass and bone mass (PASCO, GOULD, 
BRENNAN et al., 2014).

The diversity of the results in several studies could be related 
to various factors such as bone site, age, gender and ethnicity 
(there are many studies with eastern populations).

The main objective this study was to examine if lean 
mass and the adiposity are related with BMD in a eutrophic 
population of Brazilian adults, in different sites and gender.

2 Methods

One hundred Brazilian adults, aged 20-40 years were 
evaluated (n=50 women 26.4±5.1 years old. and n=50 men 
28±6.1 years old). All the participants gave their written 
informed consent to participate in this study. Which was 
approved by the University of São Paulo Medical School 
(# 1256/06).

The inclusion criteria were: (1) not engaged in regular 
physical activity over the previous six months as defined by 
the International Physical Activity Questionnaire (IPAQ); 
(2) and BMI between 18.5 a 29.5 (kg/m2).

The characteristics of the individuals who participated in 
the study are described in Table 1.

2.1 Procedures

The anthropometric measurements were performed in 
accordance with the International Society for the Advancement 
of Kinanthropometry (ISAK) standard.

Body composition was assessed using bone densitometry 
with a dual energy X-ray absorptiometry (DXA) on a 
LUNAR‑DPX apparatus (Madison Corporation. USA).

2.2 Statistical analysis

The data were analyzed in the SPSS 20.0 software. 
The Kolmogorov-Smirnov test was used to ascertain whether 
the continuous variables presented normal distribution. 
Spearman’s correlation coefficient was used to correlate the 
dependent variable (BMD) with the independent variables 
(anthropometric characteristics and body composition). 
Multiple regression was used to evaluate the association 
between adiposity and bone density, adjusting for age, sex, 
and BMI. An alpha of 5% was used for all statistical tests.

3 Results

After adjusting for age, sex, and BMI, total fat mass was 
inversely associated with total BMD (β=-4.52 g/cm2, p<0.01).

The Table 2 shows a positive correlation between BMD 
and heights; body mass; BMI and waist-hip ratio in the female 
group (except for height).

Lean mass and fat mass was positively correlated with BMD 
in the female groups in different sites (Table 3).

4 Discussion

The present study shows that BMI has a positive correlation 
with BMD, which is supportive of previous research (3-5). 

Table 1. Characteristics of the study population (anthropometric and age).

Variables
Whole group
Mean (SD)

N = 100

Female group
Mean (SD)

N = 50

Male group
Mean (SD)

N = 50
Age (years) 27.2 (5.7) 26.4 (5.1) 28.0 (6.1)
Anthropometrics
Height (cm) 168.8 (9.5) 161.8 (6.8) 175.8 (6.2)
Body mass (kg) 69.9 (14.3) 61.2 (10.9) 78.6 (11.8)
BMI (kg/m2) 24.3 (3.6) 23.2 (3.7) 25.3 (3.3)
Waist-hip ratio (cm) 81.7 (7.6) 77.9 (7.6) 86 (0.5)
Legend: SD: Standard deviation; BMI: body mass index.
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However, after adjusting for age, sex and BMI, we found a 
negative association between fat mass and BMD. Accordingly, 
to the lean mass the association was positive in all the three 
group. These findings are the same as in the literature 
(VAN LANGENDONCK, CLAESSENS, LEFEVRE et al., 
2002; PARK, SONG, SUNG et al., 2012; SHAO, LI, LIU et al., 
2015; ZHU, HUNTER, JAMES et al., 2015).

We can explain the positive correlation between lean mass 
and BMD through the effects of the muscle in the bone. 
The muscle contraction promotes micro stretches in the 
bone, stimulating osteocytes and promoting the activation 
of the osteoblasts, leading to a bone remodeling. This leads 
to a mechanical overload to the bone and the piezoelectric 
effect also stimulates the osteoblasts (WONG, BEATTIE, 
MIN et al., 2014).

A study in postmenopausal women demonstrated that for 
every 5 kg increase in lean mass represented an increase in 

the BMD; however, this finding was not the same with the 
increase of 5 kg in fat mass (SHAO, LI, LIU et al., 2015).

A study in Chinese adults over 50 years showed that the 
lean mass was an independent factor for BMD of the lumbar 
spine, in femoral diaphysis and in hip. It was observed that the 
lean mass peak in this population was found between 50 and 
59 years. From this age on, there is an inevitable fall of the 
lean mass associated with aging, favoring the development 
of osteopenia, osteoporosis and increasing the fracture risk. 
In this study they also found that there is an increased of fat 
mass with aging, mainly after 80 years, maintaining the BMI 
at the same, but with the fat mass occupying the lean mass 
place (JIANG, ZHANG, JIN et al., 2015).

With regards to adiposity, the link with BMD is not well 
known. Some previous studies have found no association 
between adipose tissue and bone mineralization and others that 
found negative relation (PARK, SONG, SUNG et al., 2012; 
ZHANG, PETERSON, SU et al., 2015; WONG, BEATTIE, 

Table 2. Correlation between Body Mineral Density (BMD) and anthropometrics.

Variables

Whole group
N = 100

Female group
N = 50

Male group
N = 50

BMD (g/cm2)
r(p)

BMD (g/cm2)
r(p)

BMD (g/cm2)
r(p)

Anthropometrics
Height (cm) .415(p≤0.001)* .160(.282) -.003(.987)
Body mass (kg) .550(p≤0.001)* .435(.002)* .107(.479)
BMI (kg/m2) .450(p≤0.001)* .372(.010)* -.189(.207)
Waist-hip ratio (cm) .528(p≤0.001)* .383(.008)* -.028(.855)
Legend: BMD: Body Mineral Density; BMI: body mass index; r: Spearman’s correlation coefficient; *P<0.05.

Table 3. Correlation between Body Mineral Density (BMD) and corporal composition.

Whole group
N = 100

Female group
N = 50

Male group
N = 50

BMD (g/cm2) BMD (g/cm2) BMD (g/cm2)
r (p) r (p) r (p)

Arm
Fat mass (%) -.512 (P≤0.001)* .020(.89) -.084(.58)

Soft Tissue (g) .460 (P≤0.001)* .332(.02)* .050(.73)
Fat mass (g) -.234 (.02)* .200(17) -.066(.66)

Lean mass (g) .618 (P≤0.001)* .350(.01)* .138(.36)
Leg

Fat mass (%) -.527 (P≤0.001)* .142(.34) -.177(.24)
Soft Tissue (g) .407 (.001)* .242(.10) -.087(.56)
Fat mass (g) -.293 (.004)* .176(.23) -.194(.19)

Lean mass (g) .520 (P≤0.001)* .165(.26) -.020(.89)
Trunk

Fat mass (%) -.330 (.001)* .288(.05)* -.110(.46)
Soft Tissue (g) .530 (P≤0.001)* .450(.00)* -.005(.97)

Fat mass(g) .064 (.54) .386(.00)* -.057(.70)
Lean mass (g) .608 (P≤0.001)* .391(.00)* 0.51(.73)

Body total Fat mass (%) -.467(P≤0.001)* .231(.11) -.125(.40)
Soft Tissue (g) .554(P≤0.001)* .449(.00)* -.015(.92)
Fat mass (g) -.108(.30) .332(.02)* -.085(.57)

Lean mass (g) 565 (P≤0.001)* .227(.12) .077(.61)
Legend: BMD: Body Mineral Density; r: Spearman’s correlation coefficient; *P<0.05.
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MIN et al., 2014). In our study we found that fat mass has a 
negatively association with BMD in men, but not in women. 
This could be because more fat mass percentage in males are 
associated with increased visceral adiposity and bone and muscle 
fat infiltration (PARK, SONG, SUNG et al., 2012; HO-PHAM, 
NGUYEN, LAI et al., 2010; ZHANG, PETERSON, SU et al., 
2015; WONG, BEATTIE, MIN et al., 2014).

The Chinese study revealed that fat mass had a positive 
relation with BMD in lumbar spine and no significant in 
other sites (JIANG, ZHANG, JIN et al., 2015). The post 
menopause women study also cited previously identified that 
the relation was positive between fat mass and DMO in lumbar 
spine, femoral diaphysis and whole body, but less important 
than the relation associated with lean mass. The explanation 
for this was that any gain of weight may promote an increase 
of mechanic overload, being fat mass or lean mass, and 
stimulates the osteoblasts, mainly in axial skeleton (SHAO, 
LI, LIU et al., 2015).

However, the accumulation of visceral fat is an independent 
factor for lower quality in bone tissue and for an increase 
in fracture risk. The bone and muscle fat infiltration would 
explain this association (ZHANG, PETERSON, SU et al., 
2015; WONG, BEATTIE, MIN et al., 2014).

Wong, Beattie, Min et al. (2014) investigated the muscle 
density through computed tomography (CT) and demonstrated 
that this could be an indirect measure of adiposity. Small 
values of muscle density would be associated with a larger fat 
infiltration in muscles, decreasing the positive effects of this 
contraction in bone. This would lead to an increased fracture 
risk. Schafer, Vittinghoff, Lang  et  al. (2010) corroborates 
with this hypothesis showing that in 2672 men and women 
a small muscle density had a bigger relation with fracture risk.

In our study we found a negative association between 
fat mass and BMD in the whole group. However, when we 
stratified the group by sex, we observed a tendency of negative 
correlation but only in men. In the Wong, Beattie, Min et al. 
(2014) study, they identified that men have a larger visceral 
fat accumulation than women that lead to an increase of a fat 
infiltration in muscle and bone. This would make the bone 
become more fragile and would increase the fracture risk. 
This could be why we found these results.

Physical activity and a better nutrition are the two mainly 
factors that would make the lean mass predominated over fat 
mass in the BMI determination. They should be motivated for 
all and with our findings we can say that they are important 
elements in the prevention and in the osteopenia and osteoporosis 
control, leading consequently in the decreased of fracture risk 
(BOGL, LATVALA, KAPRIO et al., 2011; JIANG, ZHANG, 
JIN et al., 2015).

Study limitation: We believe that if we had a bigger number 
of men, the results would be more statistically significant. 
In women, the fat mass has a positive relation with DMO.

We consider that more studies should be made to establish 
the real association between fat mass and DMO, because the 
literature still shows conflicted data about it. Factors related to 
the metabolic and endocrine system and this repercussion in 
the bone tissue should be better known so we can understand 
better the relation between obesity and osteoporosis.

In our study the lean mass has a positive effect in BMD 
for eutrophic Brazilian adults, opposite of adiposity. Although 
when stratified by gender, in adult’s women lean mass and 

adiposity have positive effects on BMD, which did not happen 
with men.
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