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Abstract
Purpose
The imbalance between the formation and reabsorption of bone associated with aging contributes to a reduction in bone
mineral density (BMD). Understanding the factors related to this reduction is important for the care of the elderly, considering that bone fragility enhances the risk of falls, fractures, morbidity and mortality. To analyze the association between BMD
and age, comorbidities, body mass index (BMI), fat and muscle mass, and to identify the profile of the body composition
related to a higher BMD in the elderly.
Methods

Cross-sectional study with 99 elderly women (≥65 years) in Campinas-SP, Brazil, recruited in the clinical environment and
the community. The evaluation protocol included age, disease, BMI, bone mass, fat mass and lean mass. The statistical analyses included the Spearman, Kruskal-Wallis and post-hoc Dunn tests (p<0.05).
Results

There was a negative association between BMD and age (r=-0.48) and a positive association with disease (r=0.21), BMI
(r=0.66), fat (r=0.66) and muscle (r=0.62). According to the analysis of body composition profiles, the group with a higher
BMD was characterized by elderly with greater muscle and fat masses (p<0.001).
Conclusion
The interrelationship of lean and fat in determining BMD was verified. These data are preventive and diagnostic relevant for
the identification of the elderly who are vulnerable to bone changes and suggest the need for the development of preventive
measures, diagnostic tests and treatments with a focus on body composition.
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Introduction
The body composition is a metabolic and functional
component, showing alterations throughout life. Between
the observed modifications include the reduction in lean
mass and increased fat mass [1]. Both muscle tissue and
body fat are related to bone mineral density (BMD), but
there is no consensus in the literature about the degree of
the contribution of these components to the determination
of bone mass [2,3].
The regulation of bone metabolism includes a combination
of genetic, mechanical and endocrine factors. In addition
to these factors, gender, comorbidities, medication use, the
aging process, dietary intake and menopause are variables
that affect the regulation of bone activity and its preservation.
The imbalance between the formation and reabsorption of
bone associated with aging contributes to a reduction in
BMD, which is a strong predictor of fractures and the gold
standard for screening for osteoporosis [4,5].

One of the most important aspects in the field of geriatrics
and gerontology is determining the variability of body
composition in the elderly [6]. Understanding this process
will differentiate its physiological and pathological evolution,
having a huge impact on clinical practice. Understanding
the factors that determine the activity of the bone tissue
is fundamentally important for the care of the elderly with
respect to prevention, diagnosis and treatment, considering
that bone fragility enhances the risk of falls, fractures,
morbidity and mortality [7].

The biochemical aspects related to the interaction of the
different components of body composition have been
thoroughly discussed in several scientific papers [-7
9]. However, few researches analyses the impact of this
interaction on bone mass and its clinical consequences.
Therefore, this study sought to identify the profiles of body
composition associated with bone density in elderly women.

Materials and Methods
Participants

The research sample consisted of 99 elderly women aged ≥
65 years who were living in Campinas-SP, Brazil. The noninstitutionalized sample and with heterogeneous body
composition, include women who were randomly recruited
in a clinical environment and the community: a) communitydwelling elderly participants in a survey of frailty in elderly
Brazilians (Study FIBRA Campinas); b) elderly recruited from
the Reference Center on Aging Health; and c) ambulatory
elderly from the Rheumatology Department of a public
hospital in Campinas [10].
The excluded individuals had severe cognitive impairment,
functional limitations (prevented ambulation) and with
inflammatory rheumatic diseases. Exclusion was based
on the declaration of the elderly and/or caregiver and/or
the observation of the researcher, and/or evaluation of the
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rheumatologist. The research was approved by the Ethics
Committee of UNICAMP (protocol number 2009/913).
Instruments and measures

The evaluation protocol included: age, weight, height, body
mass index (BMI), chronic diseases and body composition.

Chronic diseases: Self-reported items were used to
investigate whether, in the 12 months preceding the
interview, any doctor had said that the participant had
cardiovascular disease, hypertension, stroke, diabetes,
arthritis or rheumatism, lung disease, depression, cataracts
or thyroidopathy.

Anthropometric measurements: Measurements of height
and weight were performed. These two measurements were
used the BMI (BMI = weight (kg) / height (m²)). According
to the protocol of Lipschitz [11], underweight BMI was <
22 kg/m², normal weight BMI was ≥ 22 to < 27 kg/m², and
obese BMI was ≥ 27 kg/m2.

Body composition: The investigation of body composition
(bone, muscle and fat masses) was accomplished in the total
body and in body segments (trunk, upper limbs and lower
limbs). The elderly were evaluated with the Body Dual X-ray
Absorptiometry “DXA” software version 4.7 (GE / Lunar
Radiation / model DPX-IQ). The assessments have been
applied by a blind operator. The measurements were done
on the same machine each time.
The analysis considered the bone mass values of BMD
in g/cm² for the total body, trunk, arms and legs. Adipose
tissue was measured in grams (g) and categorized as either
low fat mass (<24955 g) or high fat mass (≥24955 g) after
determining the median value obtained for the sample. The
muscle mass was measured in g. The cutoff scores were
<36592 g for low lean mass and ≥36592 g for high lean mass,
considering the median value found in the sample.

Based on the combination of the median values of the sample
relating to the lean mass and fat mass in g, the subjects
were classified as having low lean mass (<36592 g), high
lean mass (≥36592 g), low fat mass (<24955 g) or high fat
mass (≥24955 g). The combination of these measurements
enabled the formation of 4 groups of elderly women
according to their body composition profile: Group 1) low
lean mass and low fat mass, Group 2) high lean mass and
low fat mass, Group 3) low lean mass and high fat mass and
Group 4) high lean mass and high fat mass.
Statistical analysis

We determined descriptive statistics. For the correlation
analysis between BMD and age, disease, BMI, lean mass and
fat mass, we used the Spearman correlation coefficient. To
compare numerical variables among the 4 body composition
groups, we used the Kruskal-Wallis and post-hoc Dunn tests.
The statistical significance for the tests was p<0.05.
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Results
The sample consisted of elderly individuals aged 65 to 94
years (77.03 years 6.51±), with a height of 1.51 m (0.05±),
a weight of 66.19 kg (16.78±) and a BMI of 29.12 kg/m2
7.02±(). The descriptive analysis of the bone, lean mass
and fat mass in the total body, trunk, upper limbs and lower
limbs is presented in Table 1.

regardless of the body segment. This association occurred
almost homogeneously, with the correlation coefficients
considered to be good to excellent. In particular, when
analyzing BMD, the total correlation coefficients for total fat
mass and total lean mass were 0.57 and 0.59, respectively (p
<0.0001).
The assessment of the body composition profiles indicated
that the group having a lower lean mass and lower fat mass

Table 1. Characterization of the sample regarding age, weight, height, BMI, comorbidities, and body
composition in different body sites in the elderly*
Mean

SD**

Min**

Q1**

Median

Q3**

Max**

Age (years)

77.03

6.51

66.00

72.00

77.00

81.00

94.00

Height (m²)

1.51

0.05

1.40

1.47

1.51

1.53

1.67

Weight (kg)

66.19

16.78

37.00

53.10

64.50

75.50

132.00

BMI

29.12

7.02

16.01

23.37

28.77

32.68

57.89

Diseases***

3.66

1.67

0.00

2.00

4.00

5.00

8.00

Arms Fat (g)

4353.0

2918.5

367.00

2279.0

3878.0

5398.0

16936

Arms Lean (g)

4900.1

1431.6

2555.0

3903.0

4611.0

5773.0

9114.0

Arms BMD (g/cm²)

0.76

0.12

0.46

0.67

0.76

0.84

1.04

Legs Fat (g)

8446.8

3706.4

2391.0

5542.0

8256.0

10036

26469

Legs Lean (g)

12012

2014.5

8472.0

10430

11679

13114

17624

Legs BMD (g/cm²)

1.00

0.15

0.56

0.89

1.03

1.11

1.31

Trunk Fat (g)

11284

4060.4

1678.0

8072.0

11397

13811

22578

Trunk Lean (g)

17606

3337.9

2114.0

15801

17264

19226

28503

Trunk BMD (g/cm²)

0.86

0.11

0.61

0.78

0.86

0.94

1.15

Total Fat (g)

25473

11032

1226.0

17335

24955

31045

70880

Total Lean (g)

37123

6001.8

21442

32735

36592

40339

57305

Total BMD (g/cm²)

1.03

0.12

0.76

0.94

1.04

1.12

1.28

*n=99.
**sd= standard deviation, min=minimum, q1=quartile 1, q3=quartile 3, max=maximum.
Table 2 showed that age had a negative relationship with
BMD in all of the body sites evaluated, i.e., a lower bone
density was associated with an older age. The correlation
coefficients ranged from r=0.30- (p=0.0022) to r=0.48- (p
<0.0001), characterizing this association as reasonable.

The number of chronic diseases was not associated
with BMD, except when considering the trunk, but this
association was weak (r=0.21, p=0.0344). Moreover, the
BMI was related to BMD for all sites investigated. For this
condition, the correlation coefficients were greater than
0.50, corresponding to a good association.
When investigating the relationship between BMD and
the other components of body composition, a positive
association was observed for both lean tissue and fat tissue,

(group 1) had a lower average bone mass, independent of
the body site evaluated, compared with the other groups.
However, when considering significance, group 1 was
characterized by a low BMD compared only with group 4
(high lean mass and high fat high mass) for the total body,
arms, legs and trunk (Table 3).

The elderly women with high lean mass and low fat mass
(group 2) were not significantly different with regard to
BMD compared with groups 1 and 3 for the different body
sites. These data indicate that the elderly women in group
2 had a BMD that was very similar to that of the women
in groups 1 and 3. Apparently, a higher lean mass did not
represent a protective factor against a lower BMD in group
2, and similarly, a greater fat mass was not associated with a
higher BMD in group 3. Group 2 had a lower BMD than
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Table 2. Correlation between age, chronic diseases, BMI and body composition with BMD values
(g/cm²) in the elderly
BMD

BMD

BMD

BMD

Arms

Legs

Trunk

Total

-0.48834

-0.36584

-0.30485

-0.34353

0.13415**

0.08204**

0.21289

0.20481

0.62728

0.55613

0.66589

0.59239

0.59122

0.53248

0.61547

0.54234

0.62680

0.56437

0.65283

0.56371

Legs Fat++

0.61227

0.59140

0.64439

0.59284

Legs Lean++

0.62275

0.59157

0.65887

0.61003

0.65211

0.61144

0.66485

0.60783

0.51955

0.49143

0.55942

0.50878

0.63376

0.59113

0.66128

0.59280

0.61499

0.56448

0.62526

0.57703

Variables
Age

+

r*

Diseases+
BMI++
Arms Fat

++

Arms Lean

++

Trunk Fat++
Trunk Lean
Total Fat

++

++

Total Lean++

*r=spearman correlation coefficient n=99.
**not significant.
+

p <0.005, ++p<0.0001.

Table 3. Evaluation of lean mass, fat mass and bone mass according to body composition
Group

BMD

N

Mean

SD

Min

Median

Max

Arms

38

0.69

0.08

0.51

0.68

0.86

P<0.001 (A)*

Legs

38

0.91

0.15

0.56

0.94

1.23

P<0.001 (B)*

Trunk

38

0.79

0.08

0.61

0.78

0.94

P<0.001 (C)*

Total

38

0.69

0.11

0.76

0.97

1.20

P<0.001 (D)*

Arms

11

0.73

0.13

0.46

0.76

0.93

Legs

11

0.99

0.13

0.83

0.94

1.20

Trunk

11

0.86

0.11

0.74

0.82

1.04

Total

11

1.02

0.10

0.88

1.01

1.18

Arms

11

0.75

0.09

0.60

0.73

0.87

3

Legs

11

1.00

0.12

0.77

1.06

1.12

Low Lean Mass/

Trunk

11

0.87

0.08

0.74

0.89

0.99

High Fat Mass

Total

11

1.02

0.09

0.85

1.06

1.13

Arms

39

0.84

1.10

0.60

0.85

1.04

Legs

39

1.10

0.11

0.86

1.11

1.31

Trunk

39

0.94

1.10

0.73

0.94

1.15

Total

39

1.11

0.10

0.90

1.11

1.28

1
Low Lean Mass/
Low Fat Mass
2
High Lean Mass/
Low Fat Mass

4
High Lean Mass/
High Fat Mass

*p-value for the kruskal-wallis test to compare variables among the 4 groups. significant differences (post-hoc dunn
test, p<0.05): (a=arms) ‘2’≠‘4’, ‘1’≠‘4’, ‘3’≠‘4’; (b=legs) ‘2’≠‘4’, ‘1’≠‘4’; (c=trunk) ‘1’≠‘3’, ‘1’≠‘4’; (d=total body)
‘1’≠‘4’.
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group 4 for the upper and lower limbs, showing that lean
mass and fat mass together were associated with a higher
BMD in group 4.

Group 3 (low lean mass and high fat mass) showed a lower
BMD than group 4 for the arms, showing a beneficial effect
of lean body mass and fat mass on BMD, as found in group 4.
However, group 3 had a higher BMD in the trunk compared
with group 1, suggesting that a higher fat mass had a positive
relationship with BMD in the trunk, i.e., fat had a protective
effect in this region.

Discussion

Consistent with our findings herein, several other studies
highlight age and BMI as determinants of the changes that
occur in body composition. Age is a factor associated with a
lower bone mass and, therefore, is predictive of osteoporosis
and osteopenia [6,12,13]. With respect to BMI, the literature
describes body weight as accounting for %30 of the variance
in bone density, constituting a major determinant of BMD
[14,15].

Our research showed that the coefficient of correlation
between BMI and BMD at different body sites ranged from
0.55 to 0.66. In the Auckland Calcium Study, which examined
1462 women at menopause, the value was 0.39 for the
correlation between hip BMD and BMI, which was greater
than the value found in the relationship between hip BMD
and lean mass (r=0.28) and fat mass (r=16[ )0.30]. In a
cohort of 300 women, Saarelainen et al., [17] found that
those with a low BMI (20 kg/m²) became osteopenic 2 years
after menopause when evaluating the spine and 4 years
after menopause when investigating the femur, whereas
the women with a BMI of 30 kg/m² developed osteoporosis
5 years after menopause in the spine and 9 years after
menopause in the femur.
Based on the knowledge that a larger BMI value is associated
with an increased BMD, it is necessary to identify which
components of body composition are predominant in this
relationship and is therefore associated of bone mass.
Determining how the distribution of these components
occurs at different body sites is also important. In this
regard, this research noted that there was a relationship
between BMD and lean and fat mass, independent of the
body segment investigated, with correlation coefficients that
were considered good to excellent. This finding has great
clinical relevance, suggesting that adipose tissue and muscle
tissue create a protective mechanism against bone loss [-18
21].

The regulation of bone metabolism also has a combination of
mechanical and hormonal aspects among its determinants.
Increased serum levels of estrogen, leptin, insulin and amylin
in obese individuals can affect the activity of osteoblasts and
osteoclasts, positively affecting bone mass. Research suggests
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that a higher body weight requires greater mechanical
loading on bone structures and that consequently there is an
increase in this tissue to accommodate the overload [15,22].
Thus, a greater mechanical load activates dendritic cells
and osteocytes, which translates the signal into anabolic
response, for example the expression of IGF-I and osteocalcin
[23,24].

In our study, we found a good correlation between the total
BMD and the total lean mass (r=0.57) and total fat mass
(r=0.59). These values were very close, which may indicate
an interrelationship between these two components in the
determination of BMD. Thus, the research reinforced the
impact of the interrelationship of fat and lean tissue on
the bone health of the elderly women who were evaluated
in this study. This result suggests that a greater fat and
lean mass were associated on bone structure in old age.
Amid the controversy over the performance of fat and lean
mass to BMD, studies have claimed that lean mass exerts a
significant influence on BMD compared with fat as BMD is
influenced particularly by mechanical overload and dynamic
interactions from the muscle contraction, which has a strong
effect on the bone structure compared with the gravitational
effects of body weight [2,18,19,25,26].

Ho-Pham et al., [14] showed that both lean tissue and fat
were predictors of bone density but that lean mass was
significantly more predictive before menopause, whereas
fat was a more significant predictor after menopause.
According to Dytfeld et al., [2], lean mass was predictor of
bone density in L-1L4 vertebra; the fat associated with
lean tissue determined the BMD of the femoral neck in
postmenopausal women with a diagnosis of osteoporosis. In
another study, the BMD of any site was related to fat, body
weight and BMI (r=0.5) and less associated to lean tissue
(r=0.2) in postmenopausal women, whereas premenopausal
BMD was associated with lean and fat mass [24].

When considering the interaction among bone, lean mass
and fat mass, it is essential to mention the influence of
the change in body composition associated with aging
and inactivity, which contribute to fat accumulation and
redistribution to the central and visceral regions [27]. Body
fat includes essential body fat and storage body fat. Essential
body fat is necessary to maintain life and reproductive
functions. The percentage of essential body fat for women is
greater than that for men, due to the demands of pregnancy
and other hormonal functions. Storage body fat consists of
fat accumulation in subcutaneous adipose tissue and visceral
fat, part of which protects internal organs in the chest and
abdomen [28]. Moreover, the bone marrow adipocytes are
able to generate estrogen, this aspect may explain in part
why obese men and postmenopausal women tend to have
lower bone loss relative to lean individuals [29]. As an
endocrine organ, fat has a role in addition to its mechanical
load because dysfunction in this tissue leads to the secretion
of inflammatory mediators [16,23,30,31]. Another relevant
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aspect is that the lower production of adiponectin in
obese individuals suppresses osteoclastogenesis and
activates osteoclastogenesis. Visceral obesity is related
with the alteration of GH/IGF1-, a regulator of bone activity
[32,22,33]. However, in our study, the negative associated
between fat and bone tissue was not evident.
Distinguishing the function of lean tissue and fat tissue in
determinants of BMD has important clinical for the elderly
population. The physical activity / physical exercise can
result in benefits to the musculoskeletal system because
its regular practice acts positively on both muscle mass
and BMD. However, the relationship between BMD and fat
implies that the accumulation of fat was related to bone.
Measuring the effects of these indices or quantifying the
effect of fat and lean mass on BMD is complex because these
body composition elements are interrelated [14].

We emphasize that the elderly group with greater muscle
mass and lower fat mass, that is, the group with a body
composition similar to that of an «old athlete,» did not have
the highest average bone mass. These results suggest that the
profile of body composition is a determining factor of bone
tissue with great clinical relevance in relation to preventive
and diagnoses measures. The findings reinforce the need for
the development of preventive measures, diagnostic tests
and treatments focusing on body composition components
to identify the profiles of elderly individuals who are
vulnerable to the impairment of bone changes.
This research has some limitations. First, because the
sample was relatively small and only women were involved,
the results do not represent the elderly population as a
whole. Second, we conducted a cross-sectional study, which
allowed only the identification of associations, making
it difficult to determine the causes and effects of lean and
fat mass on bone. Another limitation of the study refers no
consideration between visceral and subcutaneous fat in
analyzes. We suggest that more studies focusing on body
composition be conducted to characterize groups of elderly
individuals who are vulnerable to osteoporosis.

Conclusion

In this research, we used the DXA, the gold standard technique
for assessing body composition, which made it possible to
precisely analyze the interaction between these components
of body composition. Using this technique, the findings
indicated that there was a positive association between bone
mass and fat and lean body mass. These data are preventive
and diagnostic relevant for the identification of the elderly
who are vulnerable to bone changes and suggest the need
for the development of preventive measures, diagnostic
tests and treatments with a focus on body composition.
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