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Abstract
Objectives: To examine the association of Bone Mineral Density (BMD) in the prediction of frailty, pre-frailty, osteoporosis,
falls and health conditions in elderly men and women.
Methods: A four-year prospective study (2009-2013) with
106 elderly, both sexes, aged ≥ 60 years, of the city of
Goiânia, Brazil. BMD was estimated using dual-energy X
ray absorptiometry. Frailty was assessed subjectively, including the following components: unintentional weight loss,
fatigue, and low physical activity, reduction of strength and
gait speed.
Results: Mean age was 70 years of age and Body Mass
Index (BMI) was 26.7 kg/m2. The mean BMD for women was
1.042 (± 0.11) g/cm2 while for men, mean BMD was 1.169
(± 0.12) g/cm2, (p = 0.000). After adjustments for age and
BMI in women, lower BMD values were significantly associated with osteoporosis (p = 0.003), frailty (p = 0.033), and
pre-frailty (p = 0.037).
Conclusion: BMD was predictive of frailty, pre-frailty and
osteoporosis in women. In men, no associations were established.
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Background
Bone health and its relationships with several health
outcomes of adults and elderly have been in the spotlight of recent research [1-3], as its consequences affect
morbimortality. In literature, there is evidence that de-

creases in Bone Mineral Density (BMD) are due to the
natural ageing process for both sexes, however more
prevalent for women [3-6], with consequences such as
increased risk of fractures [3,6], falls and incapacities in
the female group [2].
Within the last years, the frailty syndrome has been
increasingly highlighted due to its complex nature [7],
with high prevalence and mortality [8], and its relationship with different health conditions has been investigated [9,10]. The majority of studies has analyzed frailty
as a predictor of low BMD and indicate a causal relationship with low BMD [2,3,11]. However, analysis of
BMD as a predictor of frailty has not been extensively
investigated [12,13]; existing research has presented
controversial results. While research finds no association between frailty and BMD in older women, another study observed associations between low BMD and
frailty markers such as: low strength and low gait speed
in men [12,13].
A plausible explanation for the relationship between
frailty and low bone mineral density is that the parameters used as frailty markers in the elderly such as advanced age, weight loss, low body weight, sarcopenia,
the low level of physical exercise, and impaired mobility,
since mechanical crucial is loading to bone mass maintenance [14]. The research presented herein considers
the current context of population ageing, as well as the
importance of BMD in the general and bone health of
elderly. The results presented herein can add relevant
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information on BMD and frailty of elderly, according to
sex, mainly on those living in countries with great social
inequality, such as Brazil. Therefore, the endpoint primary of this study was to verify the association between
low BMD and frailty and pre-frailty in elderly, according
to sex. The secondary endpoints were the prediction of
falls, morbidities, osteoporosis, hospitalizations with
low BMD according to sex.

Methods
A cohort study is presented herein, which integrates
the Elderly Project/Goiânia [15-17] that analyzed several aspects of health conditions of the elderly in community-dwelling settings. The initial sample was constituted of 418 elderly, selected by probabilistic sampling carried out in multiple stages, proportional to the health
districts of Goiânia (Midwest Brazil). Data were collected by previously trained interviewers and anthropometrics, at the home of the elderly, with standardized
anthropometric measurement techniques. The project
was approved by the Research and Ethics Committee of
the Federal University of Goiás (Protocol nº 031/2007)
and all the seniors signed a free informed consent for
participation in the study.
The methodological details on sample calculation
and sampling are described in previous publications
[15,16].
BMD evaluation involved the random selection of
132 elderly from the initial sample and data were collected in June, 2009. The Dual-energy X ray Absorptiometry (DXA) was performed with the device Lunar
DPX-MD PLUS, and the quantification of these values
was conducted in the software version 7.52.002 DPX-L.
DXA was carried out for the entire body, with the following eligibility criteria: not in use of diuretics, body
weight under 110 kg and height under 1.90 meters. Reports were issued by a doctor specialized in clinical densitometry. The DXA equipment was regularly calibrated
and all requirements for the exam were fulfilled. Data
collection was accomplished in a specialized clinic by a
previously trained team. The elderly were contacted by
phone to schedule data collection and receive information on the DXA exam procedures: fasting, no use of diuretics, and no rigorous physical activity in the 24 hours
previous to the exam.
Investigation of the influence of BMD on different
health outcomes required that, in 2013, all elderly (132)
that underwent DXA in 2009 were contacted for data
collection and follow-up. Up to three phone calls were
made per phone number, and in the case of inexistent
phone number or change of number, home visits were
made. Loss to follow-up was reported when the elderly
could not be located by phone or home visit. Follow-up
included finally 106 elderly, to whom standardized and
validated questionnaires were applied regarding frailty
[18].
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The following components were evaluated in the
frailty questionnaire: unintentional weight loss, fatigue,
low physical activity, reduction in strength and in gait
speed. According to these components, the elderly were
classified in not frail (no component identified), pre-frail
(presence of one or two components), and frail (presence of three or more components) [18]. The choice for
the subjective evaluation of the fragility was due to the
specialized equipment and specific training required for
the objective assessment, generating greater difficulty
of implementation in primary health care. The subjective evaluation is constituted by a validated instrument
for this population and is easy to apply [18].
The outcome variables were: falls, hospitalization,
presence and number of morbidities, osteoporosis,
frailty and pre-frailty. Falls was evaluated from the following questions: “Have you suffered any fall within the
last six months”? Besides these questions, the elderly
were questioned about any hospitalizations within the
last year (“Have you been hospitalized within the last
year”?) and presence of diseases including osteoporosis, according to the epidemiological research method
utilized previously [19].
The database was structured in EPIINFO® version 7.0,
with double entry to check for inconsistencies and validated. The database was transferred to the statistical
package STATA/SE 12.0. All analyses were stratified by
sex. Student’s T test or ANOVA were used to analyze the
difference between the mean BMD in the categories of
the studied variables, considering a 5% significance level. Multiple linear regressions were carried out between
BMD and the outcome variables, adjusting by age and
Body Mass Index (BMI). Only those variables with bivariate analysis p-values lower than 0.20 were included in
the multivariate analysis models. R2 was calculated for
each analysis model to verify variability.

Results
Of the 132 elderly that underwent BMD evaluation
in 2009, only 106 were located for follow-up in 2013.
Loss to follow-up included 13 deaths, one refusal and 12
elderly that were not located (Figure 1).
In the elderly studied in the 2013 follow-up, the
mean age was 70 ± 6.40, with mean BMI 26.7 (p = 0.078).
Medical diagnosis of two or more diseases occurred for
87.8% of women and 80% of men. Hospitalizations were
reported by 45% of women and 44.62% of men. Osteoporosis diagnosis was verified for 50% of women. The
prevalence of frailty was 61% for women and 52% for
men. The loss of muscle strength was the most frequent
frailty criterion in both sexes, with 67.5% in men and
75.3% in women (Table 1).
Mean BMD for women was 1.042 ± 0.11 g/cm2 and
for men, 1.169 ± 0.12 g/cm2, with a statistically significant difference (p = 0.000). BMD for men was not sta-
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Unable to locate
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Figure 1: Sample follow-up of the Elderly Project/Goiania.
Table 1: Frequency of falls, frailty criterion and health conditions
in the elderly.
Health conditions
Falls†
Yes
No
Reduction in gait speed*
Yes
No
Reduction in strength†
Yes
No
Reported fatigue§
Yes
No
Reduction in physical activity*
Yes
No
Unintentional weight loss§
Yes
No
Frailty†
No
Pre-frail
Frail
N° of reported diseases
None
One
Two or more
Reported osteoporosis*
Yes
No
Hospitalization†
Yes
No
*

Men
n
%

Women
n
%

14
26

35.00
65.00

31
34

47.69
52.31

25
15

62.50
37.50

50
14

78.12
21.88

27
13

67.50
32.50

49
16

75.38
24.62

15
24

38.46
61.54

30
33

47.62
52.38

19
21

47.50
52.50

41
23

64.06
35.94

12
28

30.00
70.00

22
40

35.48
64.52

3
16
21

7.50
40.00
52.50

1
24
40

1.54
36.92
61.54

2
6
32

5.00
15.00
80.00

1
7
58

1.52
10.61
87.88

4
36

10.00
90.00

32
32

50.00
50.00

18
22

45.00
55.00

29
36

44.62
55.38

n = 104; †n = 105; §n = 102.

tistically associated with falls, number of diseases or
hospitalizations. There was, however, an association
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between BMD and osteoporosis in women, with significantly lower BMD in those presenting osteoporosis (p =
0.003) (Table 2).
For frailty and its criteria, no significant differences
were observed for BMD in men. However, in women,
lower BMD values were associated with reduction in
strength (p = 0.023) (Table 3).
After multivariate analysis, no association was established between BMD and outcomes for the male elderly, even after adjustments by age and BMI. For women,
there was significant association between BMD and osteoporosis (p = 0.003) adjusted by age. After age and
BMI adjustments, there was association of BMD with
frailty (p = 0.033) and pre-frailty (p = 0.037). Considering the R2 value, the frailty variable was able to explain
43% of BMD data variability in elderly women (Table 4).

Discussion
The results of this study demonstrated that low BMD
was a predictor of frailty, pre-frailty and osteoporosis in
elderly women. However, BMD was not a predictor of
any of the analyzed outcomes for men over 60 years of
age. Despite increasing interest of scientific literature in
bone health [1-3], the study presented herein contributes with information on the association of BMD with
adverse health events, mainly frailty, in female elderly;
no association was verified for the male elderly.
Stratified analysis by sex, for the analysis of factors
associated with BMD, is important because the process
of bone remodeling is affected by alterations in the production of estrogen (which occurs after menopause).
Deficiency in estrogen levels results in lower bone metabolic activity, increasing bone reabsorption and consequently progressive loss of trabecular bone [10,20].
Existing research show that low BMD, osteoporo-
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Table 2: Association between BMD and falls, and health conditions in the elderly.
Variables

n (%)

BMD (1.092 ± 0.13 g/cm2)
Falls†
Yes
No
Osteoporosis*
Yes
No
N° of reported diseases
None
One
Two or more
Hospitalization†
Yes
No
a

Bone mineral density (g/cm2)
Men
Mean ± SD
p-value

Women
Mean ± SD

0.698a
45 (42.45)
60 (56.60)

1.165 ± 0.03
1.180 ± 0.02

0.803a
1.055 ± 0.02
1.048 ± 0.02

0.220a
36 (34.62)
68 (65.38)

1.107 ± 0.03
1.182 ± 0.02

0.003a
1.011 ± 0.02
1.089 ± 0.02
0.166b

0.284b
3 (2.83)
13 (12.26)
90 (84.91)

1.081 ± 0.03
1.228 ± 0.13
1.170 ± 0.12

47 (44.76)
58 (55.24)

1.200 ± 0.02
1.153 ± 0.03

p-value

0.976
0.984 ± 0.11
1.060 ± 0.11
0.207a

0.079a
1.026 ± 0.02
1.073 ± 0.02

Test t; bANOVA; *n = 104; †n = 105.
Table 3: Association between bone mineral density and frailty and frailty criteria in the elderly, by sex.

Variables

Bone mineral density (g/cm2)
Men
Mean ± SD
Mean ± SD
0.649a
1.180 ± 0.12
1.163 ± 0.12
0.873a
1.172 ± 0.12
1.179 ± 0.12
0.250a
1.147 ± 0.10
1.191 ± 0.12
0.559a
1.186 ± 0.11
1.164 ± 0.12
0.572a
1.181 ± 0.12
1.158 ± 0.12
0.545b
1.234 ± 0.13
1.156 ± 0.12
1.180 ± 0.11

n (%)

Reduction in gait speed*
Yes
75 (72.12)
No
29 (27.88)
Reduction in strength†
Yes
76 (72.38)
No
29 (27.62)
Reported fatigue§
Yes
45 (44.12)
No
57 (55.88)
Reduction in physical activity*
Yes
60 (57.69)
No
44 (42.31)
Weight loss§
Yes
34 (33.33)
No
68 (66.67)
Frailty
No
4 (3.81)
Pre-frail
40 (38.10)
Frail
61 (58.10)
a

Women
Mean ± SD

Mean ± SD
0.564a

1.054 ± 0.11
1.035 ± 0.10
0.023a
1.034 ± 0.10
1.104 ± 0.11
0.704a
1.045 ± 0.11
1.056 ± 0.11
0.547a
1.039 ± 0.10
1.056 ± 0.11
0.367a
1.069 ± 0.12
1.043 ± 0.10
0.799b
1.124
1.050 ± 0.11
1.051 ± 0.11

Teste t; bANOVA; *n = 104; †n = 105; §n = 102.

Table 4: Multiple linear regression for BMD and evaluated outcomes for women.
Outcomes
Osteoporosis*
Yes
No
Frailty**
No
Pre-frail
Frail

β

CI 95%

p-value

R2

- 0.706 - 0.12 – - 0.03
-

0.003
-

0.18*
-

- 0.188 - 0.36 – - 0.01
- 0.190 - 0.36 – - 0.02

0.037
0.033

0.43**
0.43**

*adjusted by age; **adjusted by age and body mass index.

sis and fractures are predominant in the female sex
[3,5,6,21], however no studies were found on the evaluation of BMD as a predictor of adverse health events in
elderly of both sexes [1]. The reduction of sex hormones
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with advancing age is one of the factors that influence
one reduced BMD in both men and women [22]. In females the estrogen decline, resulting from menopause,
is the main reason for this loss of BMD, as this hormone
is responsible for fixing calcium in the bones and maintenance of BMD [22].
The bone loss that occurs in both sexes is quantified
through BMD, and utilized to diagnose osteoporosis and
also analyze the risk of fractures [22,23]. In this sense,
the association observed between low BMD and osteoporosis in women is an expected result. We carry out
preliminary analysis of the occurrence of self-reported
by elderly fracture and low BMD, but not found association. However, such association is not the objective of
the current study.
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Still within this context, considering the hypothesis
that low BMD can lead to fractures and these lead to
hospitalization, one of the analyses carried out was the
verification of the predicting capacity of BMD in hospitalizations. Nevertheless, no associations were verified
between these variables and no literature data was
found on the association of BMD and elderly hospitalization for comparison purposes herein. However, the
studies on BMD and hospitalization verify the effect of
hospitalization on the reduction of BMD [24,25] and not
the effect of BMD on the occurrence of hospitalizations.
One of the highlights of this study was the association between low BMD and pre-frailty and frailty in
female elderly. A study with female elderly of a more
advanced age group (over 75-years-old) in Sweden did
not establish any association between BMD and frailty
[12]. Other studies analyzed frailty as a predictor of low
BMD [1,3,26] or other outcomes related to bone health,
such as falls, fractures and incapacity [2,21]. Research
that evaluate relationships between low BMD and frailty, as an outcome or predictor, present associations and
divergences. The controversies can be attributed to the
complexity in the development of frailty, a multifactorial syndrome related to neuromuscular and neuroendocrine alterations [7,27] that, in turn, cause alterations in
body composition. Low BMD is not explicitly presented
as one of the triggering factors of the syndrome, as proposed by Fried, et al. 2001 [7]. However, there is evidence in literature that frailty and osteoporosis (consequence of low BMD) share risk factors (age group,
sarcopenia, sedentarism, low body weight, consumption of tobacco) and physiopathological mechanisms
[27,28]. In the latter, alterations in estrogen and growth
hormone levels would be related to osteoporosis, as
these are involved in the bone remodeling process, and
related to frailty because they contribute with loss of
muscle mass and strength [27,29,30]. This information
presents biological plausibility as in this study, loss of
strength in women was the frailty component associated with low BMD. These divergences can also be attributed to the use of different instruments to identify
frailty in these studies (criteria of the Cardiovascular
Health Study [7,31]; and subjective models) and to the
different locations used to measure low BMD. A study in
Korea found that men with sarcopenia were 3.89 times
more likely to have low BMD, while women were 1.87
times more likely to have low BMD, which reinforces
that loss of muscle strength (from the sarcopenia evaluation criteria) is associated with BMD [28]. However,
the present study did not aim to evaluate the influence
of BMD on sarcopenia, since such measurements (of
bone mass and appendicular muscle mass) were performed simultaneously. Additionally, the evaluation of
sarcopenia also takes into account the assessment of
muscular function and strength. Since BMD is a variable not included in the cycle proposed by Fried [7] as a
variable for predicting the fragility, but with plausibility
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to influence its occurrence, this work had as interest to
investigate if low values of BMD were able to influence
the future occurrence of fragility.
Another question that must be considered regarding the association between BMD and frailty is the BMI
adjustment, as it can act as a modifier in the association
[10,32] and therefore BMI must be always considered in
multivariate analyses.
Regarding the other studied variables, no association
was observed between BMD and other comorbidities.
The elderly presented high proportions of chronic diseases, which are usually diagnosed before the age of 60.
There is other evidence that the presence of chronic diseases such as diabetes, hypertension and dyslipidemia
[9], obesity and metabolic syndrome [10] were not associated with low BMD in post-menopause women, but
the study presented herein is the first to carry out such
evaluation for elderly men.
Loss to follow-up of approximately 10% can be mentioned as a possible limitation of this research, due to
deaths within the period of four years. These deaths
could be related to adverse health events. However, it
was not possible to verify the causes of death due to
ethical issues and family embarrassment. Other limitation this research is that the sample size, but due to depreciation of bone mineral density in women is more
evident than in the opposite sex, the sample of the current study was able to predict the association among
women.
It is important to consider the applicability of the
research in the context of health service practices, and
therefore this research chose subjective frailty measurements due to its easiness of application, low cost,
reproducibility, and accuracy [18,33,34]. These qualities are important both in the context of the reality of
many health units as the entry door is primary attention
to health, where ambulatory patients do not undergo
complex exams, and for the development of epidemiological studies. The objective evaluation of frailty
demands specific equipment and trained personnel,
which are not always available and accessible at health
services [1,34], especially considering the reality of less
developed areas of Latin America, Africa and Asia.

Conclusions
After a four-year follow-up, it was concluded that BMD
was a predictor of osteoporosis, frailty and pre-frailty in
elderly women. It is suggested that other studies are carried out on these aspects, as throughout time, bone health
(BMD) can act on other important adverse outcomes in
the health of the elderly. Research in this area contributes
with valuable information, both for prevention actions
and clinical treatment. Therefore, in the current scenario
of population ageing, analysis of bone mass and frailty are
important in the areas of prevention and public policies for
the health of the elderly.
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