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Changes in body composition and function with aging starts nearly at forties.
Bone status relationship with dynapenia and obesity was investigated in adults.
Dynapenia alone was not associated with BMD in both men and women studied.
Obesity and dynapenia interacted to influence BMD in women, but not in men.
Results suggest a bone protective effect of higher fat mass in dynapenic women
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Abstract

Objective: To evaluate bone mineral density (BMD) in the presence or absence of dynapenia
and/or obesity in Brazilian adults. Methods: This is a cross-sectional study conducted in 502
adults (33-81 y; 51% women) participants of the Pró-Saúde Study, a cohort of civil servants at
university campi in Rio de Janeiro, Brazil. Body composition and BMD were determined by dual
energy X-ray absorptiometry (DXA). Handgrip strength was measured using a dynamometer.
According to measures of handgrip strength (≤19 kg for women and ≤32 kg for men) and fat
mass (> 30% and >40% for men and women, respectively), participants were classified into four
groups: non-obese non-dynapenic, obese non-dynapenic, non-obese dynapenic and obese
dynapenic. The association between BMD at each specific bone site and obesity, dynapenia, and
their interaction was evaluated using a general linear model. Results: The prevalence of
dynapenic obesity was 14% and 15.2% in men and women, respectively. Dynapenia alone was
not associated with BMD at any site in both men and women. Obesity and dynapenia interacted
to influence BMD in women (P<0.05). Total body, lumbar spine and femoral neck BMD were,
respectively 6.3%, 9.3% and 10.4% higher in dynapenic obese women compared to their nonobese counterparts (P<0.05). In men, obesity, dynapenia, as well as their combination, were not
associated with BMD at any site. Conclusion: Our results suggest that dynapenia, obesity, and
their combination may affect bone mineral density in a gender-dependent manner. In the
presence of dynapenia, fat mass appears to exert a protective effect on bone mineral density in
women, but not in men.
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Introduction

Gradual changes in body composition during the life course include decrease in skeletal
muscle mass, traditionally referred as sarcopenia [1], as well as increase and redistribution in fat
mass. These changes occur as consequence of physiologic adjustments in the endocrine and
metabolic systems with aging [2], but may be accelerated by lifestyle habits, including physical
inactivity and unhealthy diet [3]. Although muscle mass was being used as the main parameter
when evaluating sarcopenia, it is now accepted that a broader set of functional tests, including
muscle strength, can contribute to a more adequate diagnosis [4,5]. There is evidence that muscle
strength may decrease faster than muscle mass, which suggests that the quality of the muscle
may be compromised earlier with aging [6,7].
The term dynapenia has been proposed to describe the age-related reduction in muscle
strength, dissociating the concept of mass reduction from the concept of muscle strength
reduction [8-10]. The recently revised guidelines of European Working Group on Sarcopenia in
Older People (EWGSOP) recognized that strength predicts adverse outcomes better than muscle
mass information [5, 11-13]. Nevertheless, in that guideline, even though muscle strength comes
to the forefront, the term sarcopenia was maintained. This may be due to the belief that
sarcopenia is a well-known term and its replacement can lead to major conceptual
misunderstanding [10].
Muscle, fat and bone tissues are metabolically interconnected [14,15] and share responses
to hormonal factors including sexual steroids, insulin, insulin like growth factor I (IGF-I) and
growth hormone (GH) [16]. Also, both muscle and body fat are sources of mechanical loading
that can contribute to the maintenance of bone mineral density (BMD) [15,17,18]. It is well
accepted that muscle mass is strongly and directly associated with BMD [19,20], although the
relationship between muscle strength and BMD deserves more investigation. Some [7,21] but
not all [22,23] studies suggest that muscle strength is directly associated with BMD
independently of muscle mass. On the other hand, the effects of fat mass on bone mass are
controversial, with published studies showing both direct, inverse and no associations with this
outcome [19, 24-26] depending on population characteristics, especially gender.
Much less explored is the potential association between bone mass and the simultaneous
occurrence of dynapenia and obesity. To our knowledge, only one study has examined dynapenic
obesity in the context of low bone mass and fracture outcomes, and this study focused in elderly
men and women [27]. They suggest that adipose tissue infiltration into muscles was associated
with a higher incident hip fractures risk [27]. Moreover, given that dynapenia may confer low

BMD risk, it is possible that obese individuals with dynapenia do not demonstrate BMD
equivalent to that of those with obesity alone [9].
Considering that changes in body composition and function with aging starts nearly at
forties, and that studies addressing low muscle strength and fat mass excess relationship with
bone status are usually conducted in elderly individuals, it is important to identify the presence
of these outcomes earlier in life. Therefore, the aim of this study is to evaluate bone mineral
density in the presence or absence of dynapenia and/or obesity in Brazilian adults.

Methods

Study design and population

This is a cross-sectional study conducted in a subsample of a cohort study of university
civil servants in Rio de Janeiro, Brazil. Details on study population were previously described
[28-30]. Briefly, concurrently with cohort phase 4 (2012-13), 520 participants of the baseline
waves 1 and 2 (n=2444) – corresponding to about 20% of each strata of sex, age (<50 vs. 50+
yrs) and education level (less than high school vs. high school or more) from the cohort baseline
– were invited to conduct additional evaluation that included an interview to obtain general and
socioeconomic data, anthropometry and body composition assessment by dual energy x-ray
absorptiometry (DXA). Seven participants did not perform DXA measurements and eleven did
not perform handgrip strength test and therefore were excluded from the study. Thus, 502
participants (249 men and 255 women) were included in the current analyses. Based on previous
reports [10,31] a sample of 446 individuals would be sufficient to estimate the prevalence of
dynapenic obesity, assuming 95% CI. Additionally, with this sample size and based on previous
studies [32,33] it was estimated that the minimum detectable differences between groups in
LSBMD and in FNBMD were 0.116 and 0.090 g/cm2, respectively, assuming 95% CI and 80%
power.
Data on sociodemographic characteristics and menopausal status were obtained by
structured interviews. Postmenopausal status was defined as the self-reported cessation of natural
menses for at least 12 months. Participants self-classified their race/skin color as white, brown,
black, yellow, or indigenous

categories adopted by the Brazilian census [34].

Anthropometry and body composition

Total body mass and height were measured with subjects dressed in light clothes
according with standard protocol [35]. Total body mass was measured to the nearest 0.1 kg,
using a digital scale (Filizola, Brazil). Height was measured with a wall stadiometer to the
nearest 0.1 cm (Seca, Brazil). Body mass index (BMI, kg/m2) was derived.
Body composition was determined by dual energy X-ray absorptiometry (DXA) (Lunar
iDXA, GE Healthcare, WI). Total fat (kg and %), total non-bone lean mass (TLM) (kg) and arms
and legs lean mass (kg) were derived from DXA total body scan and estimated by the software
enCore 2008 version 12.20. The sum of arms and legs lean mass was used to define appendicular
lean mass (ALM). Skeletal muscle index (SMI) was calculated dividing ALM by squared height.
Obesity was defined as total fat mass higher than 30% and 40% for men and women,
respectively [36-38].
Visceral adipose tissue (VAT) was measured in a 5 cm wide region placed across the
entire abdomen just above the iliac crest at a level that approximately coincided with the 4th
lumbar vertebrae on the whole body DXA scan by the software CoreScan VAT [39]. Data on
VAT was expressed in absolute values (kg) and relative to total fat mass (%).

Handgrip strength measurement

Handgrip strength was measured using a hand dynamometer (Smedley, Takey). Each
participant was asked to extend the arm at 45°, holding the hand dynamometer, and squeeze the
handgrip with maximum strength. The test was performed twice on each hand with an interval of
10 – 15 seconds between measurements. The highest value of each side was used to represent
handgrip strength. Dynapenia was characterized by low muscle strength defined based on the
handgrip cut-off values of ≤19 kg for women and ≤32 kg for men, on at least one side evaluated.
These cut-offs correspond to two standard deviations below the sex-specific means reference
data for young adults, as proposed by EWGSOP [5,40].

BMD measurement

Bone mineral density (BMD, g/cm²) of total body, lumbar spine (LS) (L1–L4) and
femoral neck BMD were also measured by DXA. Low bone mass was considered when T score
of the lumbar spine or femoral neck was -1.0 or less in postmenopausal women and men aged
50y and older. In premenopausal women and in men younger than 50y, Z score values below 2.0 were used to define low bone mass [41]. All DXA scans were performed by the same trained

operator, analyzed by the same certified clinical densitometrist and followed standard quality
control procedures according to the manufacturer. Measurements on the calibration block (daily)
and on the calibration spine phantom (weekly) supplied by the manufacturer had coefficients of
variation <0.5%. Coefficients of variation derived from three repeated measurements in 50
subjects were 0.47%, 0.87% and 0.62% for total body, lumbar spine (L1–L4) and femoral neck
BMD, respectively.

Data analyses

Combining the adopted criteria for definition of obesity and dynapenia, individuals were
grouped in: non-obese non-dynapenic, obese non-dynapenic, non-obese dynapenic and obese
dynapenic. Data were assessed for normality using the Kolmovorov-Smirnov test. Results are
presented as mean ± standard deviation or adjusted mean ± standard error for continuous
variables and as frequencies and percentages for categorical variables. The analyses were
conducted in men and women separately. Mean values of continuous variables (except BMD)
were compared between groups using one-way ANOVA. The influence of obesity, low muscle
strength, and their interaction on BMD was evaluated using a general linear model, followed by
Tukey post hoc test, with BMD at each specific bone site as dependent variables and the
presence or absence of obesity and low muscle strength as fixed factors. Based on previously
reported data [24], age, height, total lean mass, race and postmenopausal period (for women)
were also included in the analyses as covariates. Frequency distributions of low and adequate
bone mass between groups were compared by Chi-square test. All statistical analyses were
conducted using the statistical package SPSS for Windows, version 17.0 (SPSS Inc., Chicago,
IL, USA).

Results

Characteristics of study participants according to presence of obesity and low muscle
strength are presented in table 1. In men, the prevalence of obesity and dynapenia were 54.6%
and 25.3%, respectively. Dynapenic obesity was prevalent in 14% of male. Non-obese dynapenic
men were older than those without dynapenia. Total body weight, BMI, total fat mass (absolute
and relative) and VAT (absolute and relative) were higher in obese compared to non-obese
groups (P<0.05), independent of presence of low muscle strength. TLM and ALM were highest
(p<0.001) in obese non-dynapenic group. Additionally, SMI was higher in obese non-dynapenic

men compared to non-obese men (p<0.001) (table 1). Among women, prevalence of obesity and
dynapenia were similar to that observed in men (60.4% and 24.7%, respectively). Dinapenic
obesity was present in 15.2% of female participants. Mean age was higher in obese dynapenic
compared to non-obese non-dynapenic women (p<0.05). Similar to the observed in men, total
weight, BMI, total fat (absolute and relative) and VAT (absolute and relative) were higher in
obese compared to non-obese women (P<0.05), independent of presence of dynapenia. Obese
women presented higher TLM than non-obese dynapenic women (p<0.001). Additionally, obese
women had higher SMI than their non-obese counterparts, independently of muscle strength
status (table 1).
In men, obesity, dynapenia, as well as their interaction, were not associated with BMD at
total body, lumbar spine and femoral neck (Figure 1). Mean BMD for total body, lumbar spine
and femoral neck were similar within all men groups (Figure 1A, 1B, 1C). In women, obesity
was associated with higher total body, lumbar spine and femoral neck BMD (p<0.01) (Figure 1).
Dynapenia was not associated with BMD at any site. However, statistically significant
interaction between obese status and muscle strength status was observed for BMD at total body,
lumbar spine and femoral neck (p<0.05) (Figure 1). Mean BMD values at total body (Figure 1D)
and lumbar spine (Figure 1E) were lower in non-obese dynapenic women compared to obese
dynapenic women. Also, femoral neck BMD was lower in non-obese dynapenic women
compared to obese women, independently of muscle strength status (Figure 1F) (P<0.05).
Based on T or Z scores, low bone mass was prevalent in 28.5% and 28.2% of men and
women respectively. Frequency distribution of low or adequate bone mass in the studied groups
are presented in table 2. In non-dynapenic men, the distribution in low/adequate bone status
differed by obesity status (p=0.009), with most individuals with low bone mass belonging to the
non-obese group (Table 2). In contrast, among women, the distribution of low or adequate bone
mass was significantly different (p=0.037) in obese and non-obese women in the presence of
dynapenia (Table 2).
The frequencies of isolated or simultaneous occurrence of obesity and/or dynapenia
and/or low bone mass are illustrated in Figure 2. Frequency of osteodynapenic obesity was 3.3%
among men and 4.3% among women. Of note, 21.5% of the men and 23.9% of the women had
none of the three studied conditions (obesity, dynapenia or low bone mass).

Discussion

In the present study, we evaluated BMD in relation to the presence or absence of obesity
and/or dynapenia in a sample of Brazilian adults. We observed that dynapenia alone was not
associated with BMD in both men and women studied. Nevertheless, an interaction between
obesity and muscle strength status was observed in women suggesting a bone protective effect of
having higher fat mass in those who were dynapenic.
DXA is recognized as the reference method for measurements of fat mass but it still lacks
consensus in the establishment of cut-off points to group individuals in obesity categories [4245]. Considering the proposed cut-offs of 30% for men and 40% for women [36-37], the
population studied had a high frequency of obese individuals (almost 55% and 60% for men and
women, respectively). Using the same cut-off values, studies conducted in Americans, Mexicans,
Tasmanians and Vietnamese adults found highly variable prevalence of obesity, ranging from
14% to 53% in men and from 15% to 73% in women [19,37,44,46,47].
Data on prevalence of dynapenia also varies widely, with studies reporting frequencies
from 4.4% to 43.8% in older populations [10,31,48,49]. Again, part of the variation has been
attributed to the use of different cutoff points for low muscle strength evaluated by dynamometry
[5,40,50,51]. Using the cutoffs recently proposed by EGWSOP [5,40], we found that dynapenia
was present in 25.3% and 24.7% in men and women, respectively. These frequencies appear to
be high, especially considering that the majority of the individuals (80%) was younger than 60
years old.
The simultaneous occurrence of obesity and dynapenia was firstly described by Bouchard
and coworkers [12]. In that study, dynapenic obesity was associated with poor physical function
in older adults [12]. More recent studies have been conducted investigating its association with
many other unfavorable health outcomes including high mortality risk, cardiovascular disease,
functional incapacity, risk of falls and fracture [10,27,31,48,52]. The prevalence of dynapenic
obesity varies in a range between 4% to 17.6% considering several definitions and cut-offs for
both obesity and dynapenia [10,13,27,31,48,52]. In the present study, the simultaneous presence
of obesity and dynapenia affected 14% and 15.2% of men and women, respectively. One would
expect dynapenic obesity to be less frequent among middle-aged participants (mean age ~53
years) in our study. However, its prevalence approached that observed in elderly populations,
usually associated with higher muscle weakness.
The choice for using strength instead of muscle mass when investigating the muscle
relationship with BMD was based on the faster decrease of strength with age, compared to

muscle mass loss [53,54]. In this adult population (mostly middle-aged), however, muscle
strength status (dynapenic or not) was not associated with BMD in both men and women.
Although the effect of dynapenic status on bones was not previously explored, several studies
have reported positive correlation between muscle strength and BMD at total body and specific
bone sites in elderly people, mainly in postmenopausal women [7,21-23]. Results of our
correlation analysis showed a weak, but statistically significant direct association between
muscle strength and BMD (total and specifics sites) in men (r>0.115, for all bone sites) and
women (r>0.184, for all bone sites) that, however, disappeared after adjustment for muscle mass
(data not shown). This is consistent with studies suggesting that the relationship between muscle
strength and BMD may be muscle mass dependent [19,26,55].
The combination of obesity with low muscle strength has been associated with high
mortality risk [13,48] and other health outcomes such as metabolic syndrome [31],
cardiovascular disease [56], activities of daily living disability [10,13] and risk of falls [52].
However, to our knowledge, only one study, conducted in Tasmanian older adults, investigated
the relationship between dynapenia combined with obesity and BMD [27]. The authors suggest
that lower muscle strength, at least in the presence of obesity, results in less adverse effects for
bone health in older women than men. Similarly, in the present study, we observed a higher
BMD in the dynapenic obese women compared to their non-obese counterparts suggesting that
the presence of obesity may benefit bone health in women when muscle strength is impaired.
Based on frequencies of adequate bone mass in men, it appears that a slight advantage of obesity
for non-dynapenic men may also occur.
The influence of obesity on bones has been extensively studied [20,24,26,57,58], with
some evidence of a direct association between fat mass and BMD in women, mainly in those at
the postmenopausal period [20,24]. Mechanisms explaining the potential beneficial effect of fat
on women's BMD include the increased aromatization of androgen to estrogen in adipose tissue
[59] as well as the high circulating levels of insulin, IGF-I, and leptin [60], which are usually
associated with adiposity, but also appear to favor bone formation. Nevertheless, the effect of
excess of fat on BMD remains controversial and other factors besides gender, such as age and
ethnicity appear to influence in this relationship [26,57,58]. The ectopic fat accumulation in
skeletal muscle in the form of intramuscular and intermuscular adipose tissue (IMAT) [61] is
another topic that adds to the question whether the presence of obesity offsets or exacerbates the
risk of osteoporosis in individuals with dynapenia [9]. IMAT is considered a major determinant
of muscle weakness [62]. Although less investigated, there is also evidence that fat infiltration
into muscle is associated with higher risk of hip fracture [63] and lower lumbar BMD [64].

Some study limitations should be mentioned. The absence of information on physical
activity habits, and dietary habits, which are recognized to influence our main outcome variables,
may have limited our conclusions. Also, we did not incorporate IMAT information obtained by
Magnetic Resonance Imaging (MRI) or Computed Tomography (CT) techniques for the
evaluation of muscle quality. Finally, the sample size was not powered to detect group
differences in LSBMD lower than 11%, and FNBMD lower that 12%. On the other hand,
considering that the only study evaluating bone status in dynapenic obesity was conducted in
older people, a major strength of our study was the early investigation of middle-age men and
women. It is important to highlight that almost five percent of participants shared on obesity,
dynapenia and low bone mass.
Our results suggest that dynapenia, obesity, and their combination may affect bone
mineral density in a gender-dependent manner. In the presence of dynapenia, fat mass may exert
a protective effect on bone mineral density in women, but not among men. We herein reported
that changes in body composition and muscle strength during the ageing process, seem to exert
synergistic effects on BMD that may result in a lower risk of low BMD, especially among
women. It is important to emphasize the early monitoring of these changes encourage developing
treatment strategies to enhance muscle strength, prevent bone mass loss, and improve quality of
life for a growing number of older adults.
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Figure 1: Association of obesity, dynapenia and their interaction with bone mineral density
(BMD) at total body (TBMD) (A,D), lumbar spine (LSBMD) (B,E) and femoral neck BMD
(FNBMD)

(C,F),

by

gender:

Pró-Saúde

Study,

Brazil,

2012-13.

*P-value obtained by a general linear model, followed by Tukey post hoc test with adjustment
for age, height, total lean mass, race and postmenopausal period (only for women). Different
letters indicate statistical significance between groups.

Figure 2: Frequency of obesity, dynapenia and low bone mass and their combinations in the men
(A) and women (B) studied.

Table 1: Descriptive characteristics of study participants according to presence of obesity and
dynapenia: Pró-Saúde Study, Brazil, 2012-13.
Non-obese

Obese

Non-obese

Obese

non-dynapenic

non-dynapenic

dynapenic

dynapenic

Men
N
Age (y)
Weight (kg)
Height (m)
BMI (kg/m²)
Absolute TFM (kg)
Relative TFM (%)
VAT (kg)
VAT (%)
TLM (kg)
ALM (kg)
SMI (kg/m²)
Right HS (kg)
Left HS (kg)

86
51.94±,7.47b
74.16±9.17b
1.73±0.06a,b
24.76±3.01b
18.59±4.56b
24.76±4.11b
0.98±0.51b
5.01±2.02b
52.71±5.57b
25.40±3.28b
8.47±1.08b
42.97±5.59a
40.54±4.98a

100
51.24±7.81b
91.36±14.19a
1.74±0.06a
30.31±3.95a
32.05±7.26a
34.81±3.36a
2.27±0.91a
6.98±1.89a
56.32±7.78a
27.09±4.51a
8.97±1.18a
43.45±5.91a
41.00±5.73a

27
57.37±7.29a
69.21±11.90
b
1.70±0.08
b
23.97±2.98b
17.53±5.29b
24.82±4.33b
0.98±0.52b
5.34±1.91b
48.92±6.85b
23.00±3.89c
7.98 ± 1.04b
32.63±6.29b
29.35±3.03b

36
52.78±7.86a,b
85.72±14.00a
1.72±0.07b
29.57±4.20a
30.57±8.27a
35.28±4.57a
2.09±0.94a
6.74±2.03a
52.36±7.35b
24.88±3.93b,c
8.57±1.07a,b
32.32±5.46b
27.98±4.54b

0.003
<0.001
0.009
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Women
n
Age
Weight (kg)
Height (m)
BMI (kg/m²)
Absolute TFM (kg)
Relative TFM (%)
VAT (kg)
VAT (%)
TLM (kg)
ALM (kg)
SMI (kg/m²)
Right HS (kg)
Left HS (kg)

77
51.38±7.21b
63.91±9.46b
1.61±0.07a
24.69±2.85b
23.48±4.36b
36.60±2.83b
0.58±0.34b
2.39±1.22b
38.19±5.41a,b
17.37±2.91b
6.70±0.88b
26.56±4.55ª
26.28±7.49ª

115
53.12±8.02a,b
77.63±11.78a
1.61±0.06a
30.14±4.62a
35.27±7.57a
45.10±3.43a
1.27±0.63a
3.51±1.34a
40.06±4.86a
18.49±2.66a
7.17±0.09a
26.19±3.99a
24.78±3.73a

24
55.29±8.26a,
b
58.07±9.59
b
a,b
1.58±0.07
23.18±3.40b
20.40±4.80b
34.80±3.97b
0.53±0.32b
2.47±1.24b
35.63±5.16b
16.03±2.56b
6.40±0.89b
17.85±4.43b
16.03±3.00b

39
55.77±8.49a
77.31±17.81a
1.57±0.07b
31.14±5.93a
35.87±12.03a
45.67±4.61a
1.25±0.70a
3.36±1.15a
39.21±6.39a
17.86±3.05a,b
7.20±0.98a
17.94±3.69b
16.32±2.90b

0.020
<0.001
0.016
<0.001
<0.001
<0.001
<0.001
<0.001
0.001
<0.001
<0.001
<0.001
<0.001

P-value*

BMI: Body mass index; TFM: Total fat mass; VAT: Visceral adipose tissue; TLM: Total lean mass; ALM:
Appendicular lean mass; SMI: Skeletal muscle index; HS: Handgrip strength. Data expressed as mean ± SD. *Pvalue obtained by one-way Anova followed by Tukey test. Different letters in the same row indicate statistical
significance between groups.

Table 2: Frequency distribution of low or adequate bone mass in the according to presence of
obesity and dynapenia, by gender: Pró-Saúde Study, Brazil, 2012-13.
Non-obese

Obese

Non-obese

Obese

non- dynapenic

non- dynapenic

dynapenic

dynapenic

Low

33 (38.4)

21 (21.0)

9 (33.3)

8 (22.2)

Adequate

53 (61.6)

79 (79.0)

18 (66.7)

28 (77.8)

Men
Bone mass

P-value*

0.009

0.242

Women
Bone mass
Low

16 (20.8)

32 (27.8)

13 (54.2)

11 (28.2)

Adequate

61 (79.2)

83 (72.2)

11 (45.8)

28 (71.8)

P-value*

0.175

Data expressed as n (%). *P-value obtained by by Chi-square test

0.037

