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Abstract: Aging causes some unfavorable morphological and functional changes, such as the decline
in bone mineral density (BMD) and physical function. Moderate-to-vigorous physical activity (MVPA)
and sedentary time seem to be related with these alterations, but the impact of distinct patterns
remains unclear. The aim of this study was to cross-sectionally and prospectively assess the association
between objectively measured MVPA and sedentary patterns (bouts and breaks) with BMD and
physical function in older adults. The study considered 151 Brazilians (aged ≥ 60 years), out of which
68 participants completed 2-year follow-up measurements. MVPA and sedentary patterns were
measured by means of accelerometry, BMD—(total proximal femur and lumbar spine (L1-L4)) by
means of dual-energy X-ray absorptiometry (DXA), and physical function—by means of physical
tests. In older women, sedentary bouts >60 min were inversely associated with handgrip strength
(β = −2.03, 95% CI: from −3.43 to −0.63). The prospective analyses showed that changes in sedentary
bouts (20 to 30 min and >60 min) were inversely associated with changes in the lumbar spine’s BMD
(β = −0.01, 95% CI: from −0.01 to −0.00 and β = −0.03, 95% CI: from −0.06 to −0.01) and the lumbar
spine’s T-score (β = −0.06, 95% CI: from −0.10 to −0.01 and β = −0.27, 95% CI: from −0.49 to −0.04),
respectively. In older women, sedentary patterns are cross-sectionally associated with handgrip
strength and prospectively associated with BMD independent of MVPA.
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1. Introduction

The natural process of aging causes some unfavorable morphological and functional changes,
such as the decline in bone mineral density (BMD) [1] and physical function [2], which increase the
risk of developing disorders such as osteoporosis and functional disability.

Behavior patterns such as moderate-to-vigorous physical activity (MVPA) [3] and sedentary time
seem to be related to these alterations [4–6]. While MVPA entails beneficial health effects, large amounts
of time spent sedentarily can be harmful and have been suggested as a potential risk factor for functional
disability in older adults [7,8]. Despite some contradictory results [3,9], most studies indicate that
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reducing the time spent in sedentary activities may be relevant for the prevention of adverse health
outcomes [10–12], with previous investigations showing positive associations of breaking the sedentary
time up and limiting consecutive minutes of sedentary time (prolonged bouts) with BMD [5] and
physical function [8,11,12].

Older adults are the most sedentary group in the population, spending approximately 65 to 80%
(9 to 10 h/day) of their waking hours engaged in sedentary pursuits [7,13,14] with prolonged bouts of
sedentary behavior [15].

Currently, there is a paucity of research assessing the associations of sedentary patterns (breaks
and bouts) with BMD and physical function in older adults [5,11], especially in older men [4]. Moreover,
longitudinal studies analyzing these associations are scarce [16–18]. Thus, the aim of this study was
to verify the cross-sectional and prospective associations between objectively measured MVPA and
sedentary patterns with BMD and physical function in older adults in a 24-month cohort.

2. Methods

2.1. Study Design and Participants’ Recruitment

2.1.1. Study Design

The present study is a cohort study performed between January 2015 and February 2017 in the
city of Presidente Prudente, São Paulo State, Brazil. The main goal was to analyze the influence of
physical activity on sarcopenia, sarcopenic obesity, and functional disability in older adults. In this
paper, we chose to present cross-sectional and prospective data.

2.1.2. Study Population

Sample selection was performed by convenience sampling. The inclusion criterion was as follows:
older adults aged 60 years or older living in Presidente Prudente who attended all the evaluations
at the laboratory. The exclusion criteria consisted of the following factors: living at a long-term
institution; presence of a disease that could lead to muscle mass reduction, such as cancer, HIV/AIDS,
tuberculosis, and chronic kidney disease. A minimum sample size of 99 participants was identified
based on the expected correlation coefficient of 0.287 between appendicular lean mass and physical
activity [19] using the power of 80% and the 5% alpha level. A total of 395 older adults aged 60–85 years
were recruited and assessed. For the current study, we only included the participants who had valid
accelerometry data. At the baseline, the older adults were randomly selected (one of two persons)
to use the accelerometer. This way, 202 participants were selected to use the accelerometer. Of the
202 participants, 15 refused to use the equipment and 36 did not have at least three full valid days of
measurement; thus, 151 participants were considered valid and used in the baseline cross-sectional
analyses. In the following years (intermediate and final evaluations), phone calls were made to all older
adults who participated in the baseline assessments. Of the 151 older adults with valid accelerometry
data at the baseline, 68 completed the 24-month follow-up (Figure 1). We posteriorly calculated the
power of the test utilized to identify associations between exposures and outcome variables included
in this study and found the test power values higher than 76%.

Data collection was performed at the Center for Studies and Laboratory of Assessment and Motor
Activity Prescription (CELAPAM), Department of Physical Education, FCT/UNESP. The participants
who accepted the invitation to participate in the project signed the informed consent forms.
All the protocols were reviewed and approved by the Ethics Research Committee (Process CAEE
26058114.3.0000.5402).
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Figure 1. Flowchart of the older adults’ participation during the study. 

2.2. Bone Mineral Density 

BMD of the proximal femur and lumbar spine was assessed using dual-energy X-ray 
absorptiometry (DXA) (Lunar DPX-NT 4.7, General Electric Healthcare, Buckinghamshire, UK). All 
the examinations were performed according to the manufacturer’s recommendations. The presence 
of osteopenia or osteoporosis in the proximal femur or lumbar spine (L1-L4) was defined as T-score 
values ≤ −1.0 or ≤−2.5, respectively [20]. 

2.3. Physical Function 

Physical function was estimated using three functional tests: handgrip strength, gait speed, and 
timed up and go tests as described below. 

2.3.1. Handgrip Strength 

The handgrip strength was measured using a Camry digital dynamometer model EH101 
(Guangdong, China). The test was performed with the participant sitting in a chair without arm 
support, having their shoulder slightly adducted and elbow of the dominant arm flexed at 90° with 
the forearm and wrist in the neutral position. The participants were instructed to press the 
dynamometer as strongly as possible twice at intervals of one minute between each attempt. The 
highest handgrip strength value (kg) was recorded [21]. Previous test–retest assessments of 16 older 
men and women measured 24–48 h apart resulted in a standard error of measurement (SEM) of 0.74 
kg with the intra-class correlation coefficient (ICC) of 0.97. 

Figure 1. Flowchart of the older adults’ participation during the study.

2.2. Bone Mineral Density

BMD of the proximal femur and lumbar spine was assessed using dual-energy X-ray
absorptiometry (DXA) (Lunar DPX-NT 4.7, General Electric Healthcare, Buckinghamshire, UK).
All the examinations were performed according to the manufacturer’s recommendations. The presence
of osteopenia or osteoporosis in the proximal femur or lumbar spine (L1-L4) was defined as T-score
values ≤ −1.0 or ≤−2.5, respectively [20].

2.3. Physical Function

Physical function was estimated using three functional tests: handgrip strength, gait speed,
and timed up and go tests as described below.

2.3.1. Handgrip Strength

The handgrip strength was measured using a Camry digital dynamometer model EH101
(Guangdong, China). The test was performed with the participant sitting in a chair without arm
support, having their shoulder slightly adducted and elbow of the dominant arm flexed at 90◦ with the
forearm and wrist in the neutral position. The participants were instructed to press the dynamometer
as strongly as possible twice at intervals of one minute between each attempt. The highest handgrip
strength value (kg) was recorded [21]. Previous test–retest assessments of 16 older men and women
measured 24–48 h apart resulted in a standard error of measurement (SEM) of 0.74 kg with the
intra-class correlation coefficient (ICC) of 0.97.
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2.3.2. Gait Speed

The 4-m walk test was used to assess the participants’ gait speed. The participants were advised
to walk in a natural way as if walking indoors. Any habitual apparatus for walking (walking stick,
walker, etc.) could be used [22]. The walk test was performed twice and the test with the shortest time
(in seconds) was recorded. The SEMs for the 4-m walk test was 0.06 s, with the ICC of 0.95.

2.3.3. Timed Up and Go Test

The timed up and go (TUG) test was performed to evaluate gait speed and dynamic balance (time
in seconds). This test consisted of the participant sitting in a stable chair with arm support (hips and
back completely leaning on the seat), getting up from the chair, walking three meters, turning around,
returning, and sitting back in the chair. The individual could use the arms of the chair to move from
the sitting position to the standing position and vice versa [23]. For this test, any apparatus for walking
(walking stick, walker, etc.) could be used, and the participant could stop and rest throughout the test.
However, they could not be helped by another person or sit down during the course. The SEM for the
TUG test was 0.11 s, with the ICC of 0.94.

2.4. Physical Activity and Sedentary Patterns

Actigraph GT3X (Actigraph LLC, Pensacola, FL, USA) accelerometer motion sensors were used to
estimate daily MVPA and sedentary patterns. Older adults were instructed to wear accelerometers
attached to the waist for five consecutive days during all waking hours of the day, except when sleeping
and when performing water-based activities (personal hygiene or aquatic activities).

For data analysis, the ActiLife6 software (Actigraph LLC, Pensacola, FL, USA) was used. Only days
with at least 600 min were considered valid. Periods of 60 consecutive minutes of zero counts were
considered the non-wear time [24]. To be included in the analyses, each participant needed to have at
least three full days of monitoring (including one weekend day).

Each minute in which the accelerometer counts were below 100 was considered sedentary time.
Total sedentary time was the sum of all sedentary minutes when the accelerometer was worn. A bout
was considered a specific period of continuous sedentary time in which the accelerometer count was less
than 100 counts/min with no interruption. Bouts of continuous sedentary time (counts/minute < 100)
of 20 to 30 min, 30 to 60 min, and >60 min were used in the analyses.

A break in sedentary time was defined as an interruption (lasting at least 1 min) in sedentary time
in which the count was above 100 counts/min.

The cut points for defining the intensity of physical activity were analyzed following the
recommendation established by Troiano et al. [25]. Low intensity physical activity was defined as
values between 100 and 2019 counts/min, moderate physical activity was defined as values between
2020 and 5998 counts/min, and vigorous physical activity was defined as over 5999 counts/min. For this
particular study, moderate and vigorous activity was jointly referred to as the MVPA.

2.5. Covariates

2.5.1. Anthropometric Measurements

Body mass and stature were measured using an electronic scale (Filizola® Antropométrica,
São Paulo, Brazil) and a fixed stadiometer (Sanny®, standard model, São Bernardo do Campo, Brazil),
respectively. Body mass index (weight (kg)/height2 (m)) was calculated.

Information regarding such variables as age, sex, ethnicity, smoking, diseases (hypertension,
diabetes, dyslipidemia, and thyroid diseases), and income (monthly salary) of the study population
was obtained through a self-reported interview.
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2.5.2. Statistical Analysis

The prevalence of osteopenia and osteoporosis in both analyses (cross-sectional and prospective)
according to sex was analyzed using the chi-squared test. Descriptive statistics consisted of the mean
and standard deviation for all the relevant variables. The means for each variable were compared
between sexes using an independent t-test. Associations with BMD and physical function were initially
explored using the Pearson’s correlation coefficients. Covariates with the p-value < 0.05 were included
in the linear regression models, which were used to assess the relationships of MVPA and sedentary
patterns with BMD and physical function. The results are reported as unstandardized β-coefficients
with 95% confidence intervals. Cross-sectional regression analyses were performed for the baseline
data controlling for age, BMI, osteopenia and osteoporosis, and MVPA when sedentary patterns (bouts
or breaks) were the exposure of interest or the total sedentary time when MVPA was the exposure of
interest. For the prospective analyses, the changes for both exposures and outcomes were calculated
(follow-up minus baseline) and linear regression models were adjusted for the baseline age, BMI,
osteopenia and osteoporosis, and the aimed exposure and outcome, as well as MVPA (changes) when
sedentary patterns were the exposure of interest or the total sedentary time (changes) when MVPA was
the exposure of interest. Statistical analysis were performed using SPSS software (SPSS Inc., Chicago,
IL, USA) version 23.0 and the significance level was set at 5%.

3. Results

The participants’ characteristics are shown in Table 1. Significant differences were found between
men and women for weight, height, BMI, handgrip strength, femur and spine BMD, femur and spine
T-score, breaks in sedentary time (BST), and MVPA.

Table 1. Mean and standard deviation values for the participants’ characteristics at the baseline
according to sex.

Variables Total (n = 151) Male (n = 44) Female (n = 107)

Age (years) 69.4 ± 6.5 70.5 ± 6.9 69.0 ± 6.3
Weight (kg) ** 71.5 ± 14.7 78.9 ± 13.4 68.4 ± 14.1
Height (cm) ** 159.1 ± 8.4 167.6 ± 5.5 155.6 ± 6.7
BMI (kg/m2) 28.2 ± 5.1 28.1 ± 4.4 28.2 ± 5.4

Handgrip (kg) ** 26.2 ± 8.2 35.7 ± 6.8 22.4 ± 4.9
Gait speed (m/s) 1.0 ± 0.2 1.1 ± 0.2 1.0 ± 0.2

TUG (s) 9.6 ± 2.4 9.4 ± 2.1 9.6 ± 2.6
Femur BMD (g/cm2) ** 0.9 ± 0.2 1.1 ± 0.2 0.9 ± 0.1

Femur T-score ** −0.7 ± 1.1 −0.1 ± 1.2 −1.0 ± 1.0
Spine BMD (g/cm2) ** 1.1 ± 0.2 1.3 ± 0.2 1.1 ± 0.2

Spine T-score ** −0.8 ± 1.2 0.4 ± 1.9 −1.3 ± 1.4
Sedentary time (min/day) 543.8 ± 128.6 535.9 ± 110.9 547.1 ± 135.5

BST (number/day) * 94.5 ± 15.6 88.5 ± 15.6 97.0 ± 15.0
MVPA (min/day) * 21.1 ± 22.5 29.7 ± 28.7 17.5 ± 18.4

Continuous sedentary bouts (number/day)
20 to 30 min 7.1 ± 3.8 7.5 ± 3.4 6.9 ± 3.9
30 to 60 min 3.1 ± 2.0 3.4 ± 1.7 3.0 ± 2.1

>60 min 0.6 ± 0.6 0.6 ± 0.6 0.6 ± 0.6

Note: BMI = body mass index; TUG = timed up and go test; BMD = bone mineral density; BST = breaks in
sedentary time; MVPA = moderate and vigorous physical activity; * significant differences between groups, p < 0.05;
** significant differences between groups, p ≤ 0.001.

In cross-sectional analyses, 84.1% of the older men had a normal total proximal femur T-score,
13.6% had osteopenia, and 2.3% had osteoporosis. Among older women, 44.9% had a normal total
proximal femur T-score, 49.5% had osteopenia, and 5.6% had osteoporosis.
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Regarding the lumbar spine T-score, 75.0%, 20.5%, and 4.5% of the older men had a normal
lumbar spine T-score, osteopenia, and osteoporosis, respectively. Among older women, the observed
values were 38.3%, 46.7% and 15% for a normal lumbar spine T-score, osteopenia, and osteoporosis,
respectively, with older women showing higher prevalence of osteopenia and osteoporosis in both
regions (p ≤ 0.001).

Cross-sectional analyses of the relationships of MVPA and sedentary patterns with BMD controlling
for sex are presented in Table 2. No cross-sectional associations were found at the baseline in either
group (male and female).

Table 2. Cross-sectional associations of the MVPA and sedentary patterns with BMD (proximal total
femur and lumbar spine) controlling for sex.

Variables
Male (n = 44) Female (n = 107)

β (95% CI) a β (95% CI) b β (95% CI) a β (95% CI) b

Femur BMD (g/cm2)
Bouts (20 to 30 min) 0.00 (−0.01, 0.02) 0.00 (−0.01, 0.00) −0.00 (−0.01, 0.00) −0.00 (−0.01, 0.0)
Bouts (30 to 60 min) 0.01 (−0.02, 0.04) 0.00 (−0.02, 0.03) −0.01 (−0.02, 0.00) −0.01 (−0.02, 0.00)

Bouts (>60 min) −0.02 (−0.11, 0.07) −0.04 (−0.11, 0.04) −0.02 (−0.06, 0.00) −0.02 (−0.05, 0.01)
BST (number/day) 0.00 (−0.00, 0.00) 0.00 (−0.00, 0.00) 0.00 (−0.00, 0.00) 0.00 (−0.00, 0.00)
MVPA (min/day) 0.00 (−0.00, 0.00) 0.00 (−0.00, 0.00) 0.00 (−0.00, 0.00) 0.00 (−0.00, 0.00)

Femur T-score
Bouts (20 to 30 min) 0.03 (−0.07, 0.14) 0.00 (−0.09, 0.10) −0.03 (−0.07, 0.01) −0.03 (−0.07, 0.01)
Bouts (30 to 60 min) 0.06 (−0.14, 0.26) 0.03 (−0.15, 0.21) −0.05 (−0.12, 0.03) −0.05 (−0.13, 0.02)

Bouts (>60 min) −0.13 (−0.73, 0.47) −0.25 (−0.78, 0.27) −0.19 (−0.43, 0.05) −0.12 (−0.36, 0.12)
BST (number/day) 0.00 (−0.02, 0.03) −0.00 (−0.02, 0.02) 0.01 (−0.00, 0.02) 0.01 (−0.00, 0.02)
MVPA (min/day) 0.00 (−0.01, 0.01) 0.00 (−0.01, 0.01) 0.00 (−0.01, 0.01) 0.00 (−0.00, 0.01)

Spine BMD (g/cm2)
Bouts (20 to 30 min) 0.02 (−0.00, 0.04) 0.01 (−0.00, 0.03) 0.00 (−0.01, 0.01) 0.00 (−0.00, 0.01)
Bouts (30 to 60 min) 0.02 (−0.02, 0.06) 0.01 (−0.02, 0.04) 0.00 (−0.01, 0.02) 0.01 (−0.01, 0.01)

Bouts (>60 min) 0.00 (−0.12, 0.12) −0.02 (−0.12, 0.07) −0.01 (−0.06, 0.04) 0.00 (−0.03, 0.04)
BST (number/day) −0.00 (−0.01, 0.00) −0.00 (−0.01, 0.00) 0.00 (−0.00, 0.00) 0.00 (−0.00, 0.00)
MVPA (min/day) 0.00 (−0.00, 0.00) 0.00 (−0.00, 0.00) 0.00 (−0.00, 0.00) 0.00 (−0.00, 0.00)

Spine T-score
Bouts (20 to 30 min) 0.14 (−0.04, 0.32) 0.10 (−0.03, 0.24) 0.01 (−0.05, 0.08) 0.01 (−0.04, 0.06)
Bouts (30 to 60 min) 0.14 (−0.19, 0.48) 0.14 (−0.16, 0.36) 0.01 (−0.12, 0.13) 0.00 (−0.09, 0.09)

Bouts (>60 min) 0.04 (−0.96, 1.03) −0.20 (−0.98, 0.58) −0.08 (−0.48, 0.32) 0.05 (−0.25, 0.34)
BST (number/day) −0.01 (−0.05, 0.03) −0.02 (−0.05, 0.01) 0.00 (−0.02, 0.02) 0.01 (−0.01, 0.01)
MVPA (min/day) 0.01 (−0.01, 0.04) 0.00 (−0.02, 0.02) 0.00 (−0.02, 0.02) −0.00 (−0.01, 0.01)

Note: BST = breaks in sedentary time; BMD = bone mineral density; MVPA = moderate and vigorous physical
activity; TUG = timed up and go test; β = unstandardized coefficients. a The models were adjusted for age, BMI, and
MVPA or the total sedentary time (depending on the aimed exposure). b The models were adjusted for osteopenia
or osteoporosis and MVPA or the total sedentary time (depending on the aimed exposure).

Cross-sectional analyses of the relationship of MVPA and sedentary patterns with physical function
controlling for sex are presented in Table 3. In the female group, negative associations were found for
sedentary bouts >60 min with handgrip strength and the TUG test. Furthermore, negative associations
were also found for sedentary bouts of 20 to 30 min with the handgrip strength test. No associations
were found for the male group.
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Table 3. Cross-sectional associations of MVPA and sedentary patterns with physical function controlling
for sex.

Functional Tests
Male (n = 44) Female (n = 107)

β (95% CI) a β (95% CI) b β (95% CI) a β (95% CI) b

Handgrip (kg)
Bouts (20 to 30 min) 0.07 (−0.49, 0.63) 0.09 (−0.47, 0.66) −0.25 (−0.48, −0.01) * −0.24 (−0.48, 0.00)
Bouts (30 to 60 min) 0.19 (−0.86, 1.23) 0.24 (−0.82, 1.30) −0.42 (−0.85, 0.01) −0.41 (−0.85, 0.04)

Bouts (>60 min) 0.73 (−2.34, 3.80) 0.79 (−2.30, 3.89) −2.05 (−3.41, −0.68) * −2.03 (−3.43, −0.63) *
BST (number/day) 0.01 (−0.11, 0.13) 0.02 (−0.10, 0.15) 0.02 (−0.04, 0.08) 0.02 (−0.04, 0.09)
MVPA (min/day) 0.02 (−0.04, 0.09) 0.03 (−0.04, 0.10) 0.02 (−0.04, 0.07) 0.01 (−0.05, 0.06)

Gait speed (m/s)
Bouts (20 to 30 min) 0.00 (−0.01, 0.02) 0.00 (−0.02, 0.02) −0.00 (−0.01, 0.01) −0.00 (−0.01, 0.01)
Bouts (30 to 60 min) 0.00 (−0.03, 0.04) −0.00 (−0.04, 0.03) −0.00 (−0.02, 0.02) −0.00 (−0.02, 0.02)

Bouts (>60 min) 0.02 (−0.08, 0.12) 0.02 (−0.08, 0.12) −0.03 (−0.09, 0.04) −0.03 (−0.10, 0.04)
BST (number/day) 0.00 (−0.00, 0.00) 0.00 (−0.00, 0.00) 0.00 (−0.00, 0.00) 0.00 (−0.00, 0.00)
MVPA (min/day) −0.00 (−0.00, 0.00) −0.00 (−0.00, 0.00) −0.00 (−0.00, 0.00) 0.00 (−0.00, 0.00)

TUG (s)
Bouts (20 to 30 min) 0.05 (−0.14, 0.24) 0.06 (−0.13, 0.26) 0.11 (−0.00, 0.23) 0.10 (−0.02, 0.22)
Bouts (30 to 60 min) 0.07 (−0.29, 0.43) 0.10 (−0.26, 0.46) 0.19 (−0.02, 0.40) 0.17 (−0.05, 0.38)

Bouts (>60 min) 0.78 (−0.25, 1.82) 0.82 (−0.20, 1.85) 0.75 (0.07, 1.43) * 0.69 (−0.01, 1.39)
BST (number/day) −0.02 (−0.07, 0.02) −0.02 (−0.06, 0.02) −0.01 (−0.04, 0.02) −0.02 (−0.05, 0.01)
MVPA (min/day) 0.01 (−0.01, 0.04) 0.02 (−0.01, 0.04) −0.02 (−0.04, 0.01) −0.01 (−0.04, 0.02)

Note: BST = breaks in sedentary time; MVPA = moderate and vigorous physical activity; TUG = timed up and go
test; β = unstandardized coefficients; * p < 0.05. a The models were adjusted for age and BMI. b The models were
adjusted for age and BMI plus MVPA or the total sedentary time (depending on the aimed exposure).

In prospective analyses, 73.7% of the older men had a normal total proximal femur T-score,
21.0% had osteopenia, and 5.3% had osteoporosis. Among older women, 38.8% had a normal total
proximal femur T-score, 55.1% had osteopenia, and 6.1% had osteoporosis.

Regarding the lumbar spine T-score, 78.9%, 21.1%, and 0% of the older men had a normal lumbar
spine T-score, osteopenia, and osteoporosis, respectively. In older women, the observed values were
26.5%, 57.2%, and 16.3% for a normal lumbar spine T-score, osteopenia, and osteoporosis, respectively,
with older women showing higher prevalence of osteopenia and osteoporosis in both regions (p ≤ 0.05).

Table 4 presents the prospective analyses for the associations between the mean changes for MVPA
and sedentary patterns with BMD controlling for sex. In the female group, negative associations
between the changes in bouts (20 to 30 min and >60 min) and lumbar spine BMD and lumbar spine
T-score were found independently of the baseline exposure and outcome, age, BMI, osteopenia or
osteoporosis (at the baseline), and MVPA (changes).

Table 4. Prospective associations of MVPA and sedentary patterns with BMD (mean changes) controlling
for sex.

Variables
Male (n = 19) Female (n = 49)

β (95% CI) a β (95% CI) b β (95% CI) a β (95% CI) b

Femur BMD (g/cm2)
Bouts (20 to 30 min) 0.00 (−0.02, 0.02) −0.00 (−0.02, 0.01) −0.00 (−0.00, 0.00) 0.00 (−0.00, 0.00)
Bouts (30 to 60 min) 0.01 (−0.04, 0.05) 0.01 (−0.03, 0.03) 0.00 (−0.00, 0.00) 0.00 (−0.00, 0.00)

Bouts (>60 min) −0.02 (−0.11, 0.08) −0.02 (−0.10, 0.05) −0.00 (−0.01, 0.01) −0.00 (−0.01, 0.01)
BST (number/day) 0.00 (−0.00, 0.01) 0.00 (−0.00, 0.00) 0.00 (−0.00, 0.00) 0.00 (−0.00, 0.00)
MVPA (min/day) 0.00 (−0.01, 0.00) 0.00 (−0.01, 0.00) 0.00 (−0.00, 0.00) 0.00 (−0.00, 0.00)
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Table 4. Cont.

Variables
Male (n = 19) Female (n = 49)

Femur T-score
Bouts (20 to 30 min) 0.02 (−0.11, 0.16) −0.00 (−0.10, 0.10) −0.00 (−0.02, 0.01) −0.00 (−0.02, 0.01)
Bouts (30 to 60 min) 0.05 (−0.23, 0.34) 0.01 (−0.20, 0.22) 0.00 (−0.03, 0.03) 0.00 (−0.03, 0.03)

Bouts (>60 min) −0.03 (−0.66, 0.61) −0.08 (−0.57, 0.40) −0.02 (−0.11, 0.06) −0.03 (−0.11, 0.05)
BST (number/day) 0.02 (−0.01, 0.05) 0.01 (−0.01, 0.03) 0.00 (−0.00, 0.00) 0.00 (−0.00, 0.00)
MVPA (min/day) −0.01 (−0.04, 0.03) −0.01 (−0.04, 0.02) 0.00 (−0.00, 0.01) 0.00 (−0.00, 0.01)

Spine BMD (g/cm2)
Bouts (20 to 30 min) −0.00 (−0.01, 0.01) −0.00 (−0.01, 0.01) −0.01 (−0.01, −0.00) * −0.01 (−0.01, −0.00) *
Bouts (30 to 60 min) −0.01 (−0.03, 0.02) −0.01 (−0.02, 0.01) −0.01 (−0.02, 0.00) −0.01 (−0.02, 0.00)

Bouts (>60 min) −0.01 (−0.06, 0.04) −0.01 (−0.05, 0.03) −0.04 (−0.07, −0.01) * −0.03 (−0.06, −0.01) *
BST (number/day) 0.00 (−0.00, 0.00) 0.00 (−0.00, 0.00) 0.00 (−0.00, 0.00) 0.00 (−0.00, 0.00)
MVPA (min/day) 0.00 (−0.00, 0.00) 0.00 (−0.00, 0.00) −0.00 (−0.00, 0.00) −0.00 (−0.00, 0.00)

Spine T-score
Bouts (20 to 30 min) −0.00 (−0.01, 0.01) −0.02 (−0.09, 0.04) −0.01 (−0.01, −0.00) * −0.06 (−0.10, −0.01) *
Bouts (30 to 60 min) −0.03 (−0.21, 0.16) −0.04 (−0.19, 0.11) −0.09 (−0.19, 0.01) −0.09 (−0.18, 0.00)

Bouts (>60 min) −0.03 (−0.46, 0.40) −0.06 (−0.40, 0.38) −0.31 (−0.55, −0.07) * −0.27 (−0.49, −0.04) *
BST (number/day) 0.00 (−0.01, 0.02) 0.00 (−0.01, 0.02) 0.00 (−0.01, 0.01) −0.00 (−0.01, 0.01)
MVPA (min/day) −0.01 (−0.02, 0.02) −0.00 (−0.02, 0.02) −0.01 (−0.02, 0.00) −0.01 (−0.02, 0.00)

Note: BST = breaks in sedentary time; BMD = bone mineral density; MVPA = moderate and vigorous physical
activity; TUG = timed up and go test; β = unstandardized coefficients; * p < 0.05. a The models were adjusted for
the baseline exposure and outcome, age, BMI, and MVPA or the total sedentary time (changes) (depending on the
aimed exposure). b The models were adjusted for the baseline exposure and outcome, osteopenia or osteoporosis,
and MVPA or total sedentary time (changes) (depending on the aimed exposure).

Table 5 presents the prospective analyses for the associations between the mean changes for
MVPA and sedentary patterns with physical function outcomes controlling for sex. No prospective
associations were found between the mean changes for MVPA and sedentary patterns with physical
function outcomes.

Table 5. Prospective associations of MVPA and sedentary patterns with physical function (mean
changes) controlling for sex.

Functional Tests
Male (n = 19) Female (n = 49)

β (95% CI) a β (95% CI) b β (95% CI) a β (95% CI) b

Handgrip (kg)
Bouts (20 to 30 min) 0.04 (−0.45, 0.52) 0.03 (−0.48, 0.54) 0.06 (−0.23, 0.34) 0.06 (−0.23, 0.36)
Bouts (30 to 60 min) −0.27 (−1.64, 1.09) −0.33 (−1.75, 1.09) −0.10 (−0.66, 0.47) −0.10 (−0.69, 0.49)

Bouts (>60 min) 0.02 (−3.48, 3.53) −0.02 (−3.57, 3.52) 0.03 (−1.52, 1.58) 0.04 (−1.58, 1.66)
BST (number/day) 0.07 (−0.03, 0.17) 0.06 (−0.04, 0.17) 0.04 (−0.02, 0.10) 0.04 (−0.02, 0.10)
MVPA (min/day) −0.08 (−0.21, 0.04) −0.08 (−0.20, 0.04) −0.05 (−0.14, 0.03) −0.05 (−0.14, 0.03)

Gait speed (m/s)
Bouts (20 to 30 min) −0.01 (−0.04, 0.03) −0.00 (−0.04, 0.03) −0.01 (−0.02, 0.01) −0.01 (−0.02, 0.01)
Bouts (30 to 60 min) −0.02 (−0.10, 0.06) −0.02 (−0.10, 0.06) −0.01 (−0.04, 0.01) −0.01 (−0.04, 0.01)

Bouts (>60 min) −0.03 (−0.22, 0.15) −0.03 (−0.22, 0.15) 0.01 (−0.07, 0.09) 0.01 (−0.07, 0.09)
BST (number/day) 0.00 (−0.01, 0.01) −0.00 (−0.01, 0.01) 0.00 (−0.00, 0.00) 0.00 (−0.00, 0.00)
MVPA (min/day) 0.01 (−0.00, 0.02) 0.01 (−0.00, 0.02) 0.00 (−0.00, 0.00) 0.00 (−0.00, 0.00)

TUG (s)
Bouts (20 to 30 min) −0.04 (−0.47, 0.40) −0.04 (−0.50, 0.41) −0.04 (−0.40, 0.33) −0.03 (−0.40, 0.35)
Bouts (30 to 60 min) 0.16 (−0.82, 1.14) 0.17 (−0.87, 1.20) −0.03 (−0.76, 0.70) 0.00 (−0.76, 0.76)

Bouts (>60 min) −0.11 (−2.25, 2.03) −0.11 (−2.35, 2.13) −0.33 (−2.28, 1.62) −0.29 (−2.31, 1.73)
BST (number/day) 0.00 (−0.11, 0.11) 0.00 (−0.11, 0.12) −0.02 (−0.09, 0.05) −0.02 (−0.09, 0.05)
MVPA (min/day) −0.02 (−0.14, 0.09) −0.02 (−0.15, 0.10) 0.02 (−0.09, 0.14) 0.02 (−0.11, 0.14)

Note: BST = breaks in sedentary time; MVPA = moderate and vigorous physical activity; TUG = timed up and
go test; β = unstandardized coefficients. a The models were adjusted for the baseline exposure and outcome, age,
and BMI. b The models were adjusted for the same covariates as in model A plus MVPA or the total sedentary time
(changes) (depending on the aimed exposure).
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4. Discussion

The present study found that in older women, sedentary patterns were cross-sectionally associated
with strength, and with BMD in a prospective manner, regardless of changes in MVPA. In particular,
prolonged bouts of sedentary time “>60 min” and “20 to 30 min and >60 min” were inversely associated
with handgrip strength when considering the cross-sectional data and with spine BMD in prospective
observations, respectively. Interestingly, MVPA was not associated with physical function or bone
outcomes in any of the performed analyses. These results suggest that in older women, avoiding
prolonged time in sedentary pursuits (20 to 30 min and >60 min) may have beneficial effects on
spine BMD.

It is known that prolonged sitting is detrimental to bone health due to the absence of the contractile
action of the skeletal muscle on bone as well as the absence of gravitational load on the skeleton [26].
According to the mechanostat theory, bone has a mechanical set point such that below a certain
threshold of mechanical strain or load, bone is resorbed [27]. Thus, the relationship between the
sedentary behavior and the reduction of bone mass is likely a result of decreased mechanical strain on
bone leading to increased bone reabsorption [27]. Previous cross-sectional investigations observed that
uninterrupted minutes of sedentary behavior are related to unfavorable total proximal femur BMD in
adults and older women regardless of the amount of MVPA they performed [4,5].

Although sedentary time has been negatively associated with bone health, the exact amount of
time in which one has to spend in a sedentary behavior for deleterious effects to occur on BMD remains
uncertain [4]. In the present study, we found no cross-sectional associations between the time spent in
sedentary bouts with bone BMD. We did, however, observe that the change in the amount of time
spent in prolonged sedentary bouts (20 to 30 min and >60 min) over a 24-month time period was
inversely associated with lumbar spine BMD in older women independent of changes in MVPA levels.
Thus, our results point to the importance of encouraging older women who are most affected by bone
diseases (osteopenia and osteoporosis) compared to men [28,29] to reduce prolonged time spent in
sedentary behavior such that sedentary bouts do not exceed periods longer than 20 min without an
interruption, as this may result in beneficial changes in BMD.

On the other hand, there is still no consensus regarding the relationship between BMD and
sedentary time in older men. Hind et al. [30] found that total sedentary time was negatively associated
with spine BMD and similar results were found previously by Rodríguez–Gomez et al. [31] in regional
sites (arm and pelvic). However, in a prospective study, this association was not observed [32] and this
result is similar to that found in our study, since there were no cross-sectional or prospective associations
between BMD and sedentary time (bouts) in older men. A possible explanation for these discrepancies
in results may be due to the characteristics of the samples, since in the studies of Hind et al. [30] and
Rodríguez–Gomez et al. [31], older men spent more time sedentarily than older women.

Beyond sedentary bouts, the number of times people break the sedentary time up is an important
sedentary pattern to be considered. Braun et al. [5] found a positive association for the number of
breaks in sedentary time with BMD of the femoral neck in postmenopausal women in a cross-sectional
observation. Contrary to Braun et al. [5], the present study did not observe any cross-sectional or
prospective association between the number of breaks in sedentary time and BMD in either men
or women. Thus, more longitudinal studies with older adults of both sexes with longer periods of
follow-up are needed to confirm such results.

Muscle strength is one of the most important components of physical fitness for performing
activities of daily living (ADL) and maintaining a functional capacity in older adults. Reducing
the time in activities that stimulate muscle contraction can affect the amount of muscle mass and,
consequently, muscle quality [6,17,33]. Furthermore, this mechanical tension is also related to bone
quality, as it is a key regulator of osteoblast and osteoclast activity. Bone has an intrinsic ability to adapt
its morphology by adding new bone to withstand increased amounts of loading and by removing bone
in response to unloading or disuse. How the osteocytes sense the mechanical loads and coordinate
adaptive alterations in bone mass and architecture is not yet completely understood, but it is known
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that mechanical loads placed on bones generate several stimuli that could be detected by osteocytes.
These include physical deformation of the bone matrix itself, load-induced flow of the canalicular fluid
through the lacuno–canalicular network, and electrical streaming potentials generated from the ionic
fluid flowing past the charged surfaces of the lacuno–canalicular channels [34].

In the appendicular skeleton, the trabecular bone transfers mechanical loads from the articular
surface to the cortical bone, whereas in vertebral bodies, it represents the main load-bearing structure.
Mechanical properties of the bone tissue and architecture of the trabecular bone are two main factors
that determine the mechanical properties of the trabecular bone. Fragility fractures that arise in the
context of metabolic bone diseases such as osteoporosis usually occur in regions of the trabecular
bone [34].

In cross-sectional analyses within this study, negative associations were found for sedentary bouts
>60 min with handgrip strength in older women. However, in our prospective analysis, we found
no associations between sedentary bouts and muscle strength, which is similar to the result reported
by Keevil et al. [18] in a cohort of adults and older adults of both sexes. On the contrary, Hamer and
Stamatakis [17] and Reid et al. [6] both reported that the associations between sedentary activities and
muscle strength are context-specific (TV watching). However, it should be noted that the contradicting
findings may be explained by differences in the dimension of sedentary time that was used (i.e., leisure,
total time, bouts of specific lengths), as well as the measurement instrument utilized (i.e., subjective or
objective).

Regarding the breaks in sedentary time, we did not observe a significant relationship for the
number of breaks in sedentary time with physical function in older adults. These results differ from
those previously found by Sardinha et al. [11] and van der Velde [9]. Some possible reasons that may
explain these inconsistencies may be related to participant characteristics such as the older adults
in the present study being older (mean age: 70 years) than in the study by van der Velde [9] (mean
age: 60 years). Another reason can be that our participants had lower physical function and were
more sedentary or the specific tests that were used in our study when comparing to the ones used in
previous investigations for measuring physical function [9,11].

Some limitations to be mentioned in the present study are the fact that some parameters that may
be related to BMD have not been investigated, such as education level, calcium, vitamin D, nutrition,
medication, alcohol, and bone fractures. In addition, a reduced sample and the fact that accelerometers
are not sensitive to detect all activities, such as biking, standing, and upper body movement, may also
be considered relevant limitations. Accelerometers are not able to identify the moment of transition
between sitting and standing [35]. Nevertheless, previous studies used this method to assess the
associations between sedentary patterns and health outcomes. Even though periods of 60 consecutive
minutes of zero counts were considered the non-wear time to avoid an overestimation of sedentary time
and the fact that older adults were told to remove the devices when sleeping, one must not disregard
that some of them may have kept the accelerometers on while sleeping and that some sleeping time
(<60 min) could have been measured as sedentary time. Thus, a slight overestimation of the total
sedentary time may have happened.

A major strength of this study is its novelty in the sense that we investigated beyond the simple
associations of the total sedentary time with BMD and physical function in older adults and looked
into the relationship of sedentary patterns (breaks and bouts) with these outcomes both from a
cross-sectional perspective and considering a 24-month longitudinal perspective. In addition, despite
the aforementioned limitations in the use of accelerometry to assess sedentary patterns and MVPA, it is
a widely used objective method within the physical activity research field, thus allowing comparison
with previous studies.

5. Conclusions

In older women, sedentary patterns are cross-sectionally associated with handgrip strength
and prospectively associated with BMD independent of MVPA. The findings from the present study
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indicate that, in the long term, limiting continuous prolonged sedentary bouts, especially longer than
60 min, may have beneficial effects on BMD. Thus, in addition to some preventive strategies such as
engagement in physical activity, intervention programs must aim to reduce sedentary time in the daily
routine of this specific population, as it can promote benefits to BMD.

Author Contributions: Conceptualization, L.A.G., P.B.J. and V.R.D.S.; data curation, L.A.G., P.B.J. and V.R.D.S.;
formal analysis, L.A.G. and V.R.D.S.; methodology, L.A.G., P.B.J., and V.R.D.S.; writing—original draft, M.H.-R.;
Writing—review and editing, L.A.G., P.B.J., L.B.S. and V.R.D.S. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: We would like to thank the Coordenação de Aperfeiçoamentode Pessoal de Nível Superior,
Brazil, for supporting the study through the award of a scholarship (VRS), Finance Code 001 and process PDSE
88881.132107/2016-01. We thank Kong Chen for the use of accelerometers (funded by NIH Z01 DK071013). PBJ is
supported by the Portuguese Foundation for Science and Technology (grant: SFRH/BPD/115977/2016).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Gong, J.; Tang, M.; Guo, B.; Shang, J.; Tang, Y.; Xu, H. Sex- and age-related differences in femoral neck
cross-sectional structural changes in mainland Chinese men and women measured using dual-energy X-ray
absorptiometry. Bone 2016, 83, 58–64. [CrossRef] [PubMed]

2. Daly, R.M.; Rosengren, B.E.; Alwis, G.; Ahlborg, H.G.; Sernbo, I.; Karlsson, M.K. Gender specific age-related
changes in bone density, muscle strength and functional performance in the elderly: A-10 year prospective
population-based study. BMC Geriatr. 2013, 13, 71. [CrossRef] [PubMed]

3. Wu, F.; Wills, K.; Laslett, L.L.; Oldenburg, B.; Jones, G.; Winzenberg, T. Moderate-to-vigorous physical
activity but not sedentary time is associated with musculoskeletal health outcomes in a cohort of Australian
middle-aged women. J. Bone Miner. Res. 2017, 32, 708–715. [CrossRef] [PubMed]

4. Chastin, S.F.; Mandrichenko, O.; Helbostadt, J.L.; Skelton, D.A. Associations between objectively-measured
sedentary behaviour and physical activity with bone mineral density in adults and older adults, the NHANES
study. Bone 2014, 64, 254–262. [CrossRef] [PubMed]

5. Braun, S.I.; Kim, Y.; Jetton, A.E.; Kang, M.; Morgan, D.W. Sedentary behavior, physical activity, and bone
health in postmenopausal women. J. Aging Phys. Act. 2017, 25, 173–181. [CrossRef]

6. Reid, N.; Healy, G.N.; Daly, R.M.; Baker, P.; Eakin, E.G.; Dunstan, D.W.; Owen, N.; Gardiner, P.A. Twelve-year
television viewing time trajectories and physical function in older adults. Med. Sci. Sports Exerc. 2017,
49, 1359–1365. [CrossRef]

7. Dunlop, D.D.; Song, J.; Arnston, E.K.; Semanik, P.A.; Lee, J.; Chang, R.W.; Hootman, J.M. Sedentary time in
US older adults associated with disability in activities of daily living independent of physical activity. J. Phys.
Act. Health 2015, 12, 93–101. [CrossRef]

8. Chen, T.; Narazaki, K.; Haeuchi, Y.; Chen, S.; Honda, T.; Kumagai, S. Associations of sedentary time and
breaks in sedentary time with disability in instrumental activities of daily living in community-dwelling
older adults. J. Phys. Act. Health 2016, 13, 303–309. [CrossRef] [PubMed]

9. van der Velde, J.H.P.M.; Savelberg, H.H.C.M.; van der Berg, J.D.; Sep, S.J.S.; van der Kallen, C.J.H.;
Dagnelie, P.C.; Schram, M.T.; Henry, R.M.A.; Reijven, P.L.M.; van Geel, T.A.C.M.; et al. Sedentary behavior
is only marginally associated with physical function in adults aged 40–75 years—The Maastricht Study.
Front. Physiol. 2017, 8, 242. [CrossRef]

10. Júdice, P.B.; Silva, A.M.; Santos, D.A.; Baptista, F.; Sardinha, L.B. Associations of breaks in sedentary time
with abdominal obesity in Portuguese older adults. Age 2015, 37, 23. [CrossRef]

11. Sardinha, L.B.; Santos, D.A.; Silva, A.M.; Baptista, F.; Owen, N. Breaking-up sedentary time is associated with
physical function in older adults. J. Gerontol. A Biol. Sci. Med. Sci. 2015, 70, 119–124. [CrossRef] [PubMed]

12. Manns, P.; Ezeugwu, V.; Armijo-Olivo, S.; Vallance, J.; Healy, G.N. Accelerometer-derived pattern of sedentary
and physical activity time in persons with mobility disability: National Health and Nutrition Examination
Survey 2003–2006. J. Am. Geriatr. Soc. 2015, 63, 1314–1323. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.bone.2015.09.017
http://www.ncbi.nlm.nih.gov/pubmed/26475501
http://dx.doi.org/10.1186/1471-2318-13-71
http://www.ncbi.nlm.nih.gov/pubmed/23829776
http://dx.doi.org/10.1002/jbmr.3028
http://www.ncbi.nlm.nih.gov/pubmed/27805281
http://dx.doi.org/10.1016/j.bone.2014.04.009
http://www.ncbi.nlm.nih.gov/pubmed/24735973
http://dx.doi.org/10.1123/japa.2016-0046
http://dx.doi.org/10.1249/MSS.0000000000001243
http://dx.doi.org/10.1123/jpah.2013-0311
http://dx.doi.org/10.1123/jpah.2015-0090
http://www.ncbi.nlm.nih.gov/pubmed/26181652
http://dx.doi.org/10.3389/fphys.2017.00242
http://dx.doi.org/10.1007/s11357-015-9760-6
http://dx.doi.org/10.1093/gerona/glu193
http://www.ncbi.nlm.nih.gov/pubmed/25324221
http://dx.doi.org/10.1111/jgs.13490
http://www.ncbi.nlm.nih.gov/pubmed/26173621


Int. J. Environ. Res. Public Health 2020, 17, 8198 12 of 13

13. Baptista, F.; Santos, D.A.; Silva, A.M.; Mota, J.; Santos, R.; Vale, S.; Ferreira, J.P.; Raimundo, A.M.; Moreira, H.;
Sardinha, L.B. Prevalence of the Portuguese population attaining sufficient physical activity. Med. Sci.
Sports Exerc. 2012, 44, 466–473. [CrossRef]

14. Harvey, J.A.; Chastin, S.F.; Skelton, D.A. How sedentary are older people? A systematic review of the amount
of sedentary behavior. J. Aging Phys. Act. 2015, 23, 471–487. [CrossRef]

15. Santos, D.A.; Júdice, P.B.; Magalhaes, J.P.; Correia, I.R.; Silva, A.M.; Baptista, F.; Sardinha, L.B. Patterns of
accelerometer-derived sedentary time across the lifespan. J. Sports Sci. 2018, 36, 2809–2817. [CrossRef]

16. Gába, A.; Cuberek, R.; Svoboda, Z.; Chmelík, F.; Pelclová, J.; Lehnert, M.; Fromel, K. The effect of brisk
walking on postural stability, bone mineral density, body weight and composition in women over 50 years
with a sedentary occupation: A randomized controlled trial. BMC Women Health 2016, 16, 63. [CrossRef]

17. Hamer, M.; Stamatakis, E. Screen-based sedentary behavior, physical activity, and muscle strength in the
English longitudinal study of ageing. PLoS ONE 2013, 8, e66222. [CrossRef]

18. Keevil, V.L.; Wijndaele, K.; Luben, R.; Sayer, A.A.; Wareham, N.J.; Khaw, K.T. Television viewing, walking
speed, and grip strength in a prospective cohort study. Med. Sci. Sports Exerc. 2015, 47, 735–742. [CrossRef]

19. Park, H.; Park, S.; Shephard, R.J.; Aoyagi, Y. Yearlong physical activity and sarcopenia in older adults:
The Nakanojo Study. Eur. J. Appl. Physiol. 2010, 109, 953–961. [CrossRef]

20. World Health Organization (WHO). Prevention and Management of Osteoporosis: Report of a WHO Scientific
Group Geneva; WHO: Geneva, Switzerland, 2003.

21. American Society of Hand Therapists (ASHT). Clinical Assessment Recommendations; ASHT: Mount Laurel,
NJ, USA, 1981.

22. Guralnik, J.M.; Simonsick, E.M.; Ferrucci, L.; Glynn, R.J.; Berkman, L.F.; Blazer, D.; Scherr, P.A.; Wallace, R.B.
A short physical performance battery assessing lower extremity function: Association with self-reported
disability and prediction of mortality and nursing home admission. J. Gerontol. 1994, 49, M85–M94.
[CrossRef] [PubMed]

23. Mathias, S.; Nayak, U.S.; Isaacs, B. Balance in elderly patients: The “get-up and go” test. Arch. Phys.
Med. Rehabil. 1986, 67, 387–389. [PubMed]

24. Craig, C.L.; Marshall, A.L.; Sjostrom, M.; Bauman, A.E.; Booth, M.L.; Ainsworth, B.E.; Pratt, M.; Ekelund, U.;
Yngve, A.; Sallis, J.F.; et al. International physical activity questionnaire: 12-country reliability and validity.
Med. Sci. Sports Exerc. 2003, 35, 1381–1395. [CrossRef]

25. Troiano, R.P.; Berrigan, D.; Dodd, K.W.; Masse, L.C.; Tilert, T.; McDowell, M. Physical activity in the United
States measured by accelerometer. Med. Sci. Sports Exerc. 2008, 40, 181–188. [CrossRef]

26. Tremblay, M.S.; Colley, R.C.; Saunders, T.J.; Healy, G.N.; Owen, N. Physiological and health implications of a
sedentary lifestyle. Appl. Physiol. Nutr. Metab. 2010, 35, 725–740. [CrossRef] [PubMed]

27. Tyrovola, J.B. The “Mechanostat Theory” of Frost and the OPG/RANKL/RANK System. J. Cell Biochem. 2016,
117, 549. [CrossRef]

28. Noh, J.W.; Park, H.; Kim, M.; Kwon, Y.D. Gender differences and socioeconomic factors related to osteoporosis:
A cross-sectional analysis of nationally representative data. J. Women Health 2018, 27, 196–202. [CrossRef]

29. Qiao, D.; Liu, X.; Tu, R.; Zhang, X.; Qian, X.; Zhang, H. Gender-specific prevalence and influencing factors of
osteopenia and osteoporosis in Chinese rural population: The Henan Rural Cohort Study. BMJ Open 2020,
10, e028593. [CrossRef]

30. Hind, K.; Hayes, L.; Basterfield, L.; Pearce, M.S.; Birrell, F. Objectively-measured sedentary time, habitual
physical activity and bone strength in adults aged 62 years: The Newcastle Thousand Families Study.
J. Public Health 2019, 42, 325–332. [CrossRef]

31. Rodríguez-Gomez, I.; Mañas, A.; Losa-Reyna, J.; Rodriguez-Mañas, L.; Chastin, S.F.M.; Alegre, L.M.;
García-García, F.J.; Ara, I. Associations between sedentary time, physical activity and bone health among
older people using compositional data analysis. PLoS ONE 2018, 13, e0206013. [CrossRef]

32. Rodríguez-Gomez, I.; Mañas, A.; Losa-Reyna, J.; Rodriguez-Mañas, L.; Chastin, S.F.M.; Alegre, L.M.;
García-García, F.J.; Ara, I. Compositional influence of movement behaviors on bone health during aging.
Med. Sci. Sports Exerc. 2019, 51, 1736–1744. [CrossRef]

33. Chastin, S.F.; Ferriolli, E.; Stephens, N.A.; Fearon, K.C.; Greig, C. Relationship between sedentary behaviour,
physical activity, muscle quality and body composition in healthy older adults. Age Ageing 2012, 41, 111–114.
[CrossRef]

http://dx.doi.org/10.1249/MSS.0b013e318230e441
http://dx.doi.org/10.1123/japa.2014-0164
http://dx.doi.org/10.1080/02640414.2018.1474537
http://dx.doi.org/10.1186/s12905-016-0343-1
http://dx.doi.org/10.1371/journal.pone.0066222
http://dx.doi.org/10.1249/MSS.0000000000000453
http://dx.doi.org/10.1007/s00421-010-1424-8
http://dx.doi.org/10.1093/geronj/49.2.M85
http://www.ncbi.nlm.nih.gov/pubmed/8126356
http://www.ncbi.nlm.nih.gov/pubmed/3487300
http://dx.doi.org/10.1249/01.MSS.0000078924.61453.FB
http://dx.doi.org/10.1249/mss.0b013e31815a51b3
http://dx.doi.org/10.1139/H10-079
http://www.ncbi.nlm.nih.gov/pubmed/21164543
http://dx.doi.org/10.1002/jcb.25265
http://dx.doi.org/10.1089/jwh.2016.6244
http://dx.doi.org/10.1136/bmjopen-2018-028593
http://dx.doi.org/10.1093/pubmed/fdz029
http://dx.doi.org/10.1371/journal.pone.0206013
http://dx.doi.org/10.1249/MSS.0000000000001972
http://dx.doi.org/10.1093/ageing/afr075


Int. J. Environ. Res. Public Health 2020, 17, 8198 13 of 13

34. Oftadeh, R.; Perez-Viloria, M.; Villa-Camacho, J.C.; Vaziri, A.; Nazarian, A. Biomechanics and mechanobiology
of trabecular bone: A review. J. Biomech. Eng. 2015, 137, 010802. [CrossRef]

35. Júdice, P.B.; Santos, D.A.; Hamilton, M.T.; Sardinha, L.B.; Silva, A.M. Validity of GT3X and Actiheart to
estimate sedentary time and breaks using ActivPAL as the reference in free-living conditions. Gait Posture
2015, 41, 917–922. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1115/1.4029176
http://dx.doi.org/10.1016/j.gaitpost.2015.03.326
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Study Design and Participants’ Recruitment 
	Study Design 
	Study Population 

	Bone Mineral Density 
	Physical Function 
	Handgrip Strength 
	Gait Speed 
	Timed Up and Go Test 

	Physical Activity and Sedentary Patterns 
	Covariates 
	Anthropometric Measurements 
	Statistical Analysis 


	Results 
	Discussion 
	Conclusions 
	References

