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Abstract

Summary Relationships between objectively assessed free-living physical activity (PA) and changes in bone health over time are
poorly understood in older adults. This study suggests these relationships are sex-specific and that body composition may
influence the mechanical loading benefits of PA.

Introduction To investigate associations of objectively assessed PA and bone health in community-dwelling older adults.
Methods This secondary analysis of a subset of the Tasmanian Older Adult Cohort study included participants with PA assessed
utilising ActiGraph GTIM accelerometers over 7 days (N =209 participants, 53% female; mean + SD age 64.5+ 7.2 years).
Steps/day and PA intensity were estimated via established thresholds. Bone mineral content (BMC) was acquired at the total hip,
lumbar spine, legs and whole body by DXA at baseline and approximately 2.2 years later. Relationships between PA and BMC
were assessed by multivariable linear regression analyses adjusted for age, smoking status, height and total lean mass.

Results Men with above-median total hip BMC completed significantly less steps per day, but there was no significant difference
in PA intensity compared with those with below-median BMC. There were no significant differences in PA in women stratified
by median BMC. In women, steps/day were positively associated with leg BMC (B =0.178; P=0.017), and sedentary behaviour
was negatively associated with leg BMC (—0.165; 0.016) at baseline. After adjustment for confounders including lean mass and
height, higher sedentary behaviour at baseline was associated with declines in femoral neck BMC (—0.286; 0.011) but also with
increases in pelvic BMC (0.246; 0.030) in men and increases in total hip BMC (0.215; 0.032) in women, over 2.2 years. No other
significant longitudinal associations were observed after adjustment for body composition.

Conclusions Associations of accelerometer-determined sedentary behaviour and PA with bone health in older adults differ by sex
and anatomical site and are mediated by body composition.
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While self-reported PA questionnaires and diaries are gen-
erally reliable measures of intentional PA [8], incidental or
free-living PA measurement may be incorrectly estimated [9,
10]. Objective measurement techniques are likely to provide
more accurate estimates of incidental PA. Pedometers accu-
rately estimate step counts but are unable to quantify intensity
or exertion within ambulatory activity [11]. In contrast, accel-
erometers are able to quantify intensity of PA via various
established cut points. As such, accelerometers are increasing-
ly used as an objective measurement tool capable of assessing
PA intensity and sedentary behaviour, which may have differ-
ing associations with health outcomes [12].

Exercise interventions indicate that moderate to high im-
pact weight-bearing exercise may be the most effective exer-
cise modality for improving bone health in older adults [13].
As a result, accelerometer-determined estimates of PA per-
formed at higher intensity may serve as a proxy estimate for
high-impact exercise. While cross-sectional studies have ex-
amined associations of accelerometer-determined PA intensity
with bone mineral density (BMD) [14—17], conflicting obser-
vations have been observed and longitudinal associations with
bone mineral content (BMC) are largely unknown [18]. We
hypothesised that greater amounts of higher intensity PA
would be associated with greater BMC and BMD at weight-
bearing sites; however, relationships would vary between men
and women due to differences in body composition. As such,
we aimed to determine associations between varying intensi-
ties of PA and bone mass at a range of sites in community-
dwelling older adults.

Methods
Study design and participants

This study was a secondary analysis of a subset of the
Tasmanian Older Adult Cohort study, a prospective,
population-based study of community-dwelling older adults
designed to investigate progression of osteoarthritis and oste-
oporosis. An equal number of men and women between the
ages of 50 and 80 years were randomly selected from the
electoral roll in Southern Tasmania (population 229,000), with
a response rate of 57%. Electoral rolls represent the most
complete population information available in Australia be-
cause voting in federal and state elections is compulsory.
The sample was stratified by sex to provide equal numbers
of men and women, and equal distributions were drawn from
urban and rural areas in Southern Tasmania. Exclusion criteria
included contraindication for magnetic resonance imaging (re-
quired to examine osteoarthritis progression) and
institutionalisation. The study was approved by the Southern
Tasmanian Health and Medical Human Research Ethics
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committee, and written informed consent was obtained from
all participants.

One thousand one hundred participants were enrolled in the
study, and 1099 attended a bascline clinic between
March 2002 and September 2004. Follow-up data was collect-
ed for 875 participants approximately 2.6 years later (phase 2)
and for 767 participants approximately 5 years after baseline
(phase 3).

Accelerometers were not available at baseline during this
study and were incorporated into the experimental protocol
midway through phase 2. Therefore, for the present analysis,
phase 2 was considered as baseline, and participants were
included if they had complete accelerometer data at phase 2
and dual-energy x-ray absorptiometry (DXA) at both phase 2
and phase 3 (mean + SD; 2.2 + 0.9 years later). A total of 871
participants had completed DXA assessment at phase 2 but
only 210 completed accelerometer assessments. One of these
participants did not complete DXA assessment at phase 3, and
so a total of 209 participants were included in this analysis.

Descriptive variables

Height was measured to the nearest 1 mm (shoes and socks
removed) using a stadiometer (Invicta, Leicester, UK). Weight
was measured to the nearest 0.1 kg (shoes and bulky clothing
removed) using electronic scales (Heine, Dover, NH, USA).
Participant’s body mass index (BMI [kg/m?]) was subsequent-
ly calculated. Data was also collected on smoking status via
self-reported questionnaires.

Accelerometer-determined physical activity

Accelerometer-determined PA was assessed for 7 days follow-
ing the participant’s clinic visit at baseline. Participants also
utilised an activity diary to record start and end wear times,
any reason the accelerometer may have been removed, such as
swimming, showering or any circumstances when the partic-
ipants felt that they may have produced inaccurate accelerom-
eter estimates, such as driving on uneven ground. Participants
were excluded from analysis if they did not wear the device
for at least five valid days during the 7-day monitoring period.
A valid day was considered as having worn the device for
more than 10 h, as based on previous accelerometer studies
[19, 20].

Accelerometer data (ActiGraph GTIM, ActiGraph,
Pensacola, FL) was initially recorded as ‘counts’, generated
via proprietary algorithms. Using count data, intensity of ac-
tivity time periods and step counts per day were generated.
The Freedson equation and cut points proposed by Matthews
were utilised to define PA intensity and sedentary behaviour
respectively [21]. Four categories of PA intensity were deter-
mined according to metabolic equivalent (MET) values;
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sedentary behaviour (< 1.SMETs), light PA (1.5-2.9METs),
moderate PA (3.0-5.9METs) and vigorous (> 6METs) [22].

Body composition and bone parameters

Body composition, BMC (g), and BMD (g/cm?) were deter-
mined by whole-body, total hip and lumbar spine scans per-
formed on a Hologic Delphi densitometer (Hologic, Waltham,
MA. Apex v2.0) at baseline and follow-up. BMC and BMD
values were recorded at the trochanter, femoral neck, total hip,
lumbar spine, pelvis, arms, legs and whole body. The same
densitometer was used throughout the study and quality con-
trol was performed using a spine phantom prior to testing. The
longitudinal coefficient of variation for this spine phantom
using our machine between 2002 and 2007 was 0.39% [23].
Change in both BMC and BMD at each site was calculated as
values at phase 3 less phase 2.

Statistical analysis

All variables were tested for normality and non-parametric
analyses were performed where required. Due to low amounts
of vigorous intensity activity, moderate intensity and vigorous
intensity PA were combined (MVPA). Spearman correlations
assessed relationships between age and total hip BMC.
Independent samples ¢ tests compared means for continuous
variables including descriptive statistics, accelerometer data
and BMC between groups stratified as greater than or equal
to versus less than median sex-specific total hip BMC.
Categorical variables were compared using chi-square tests.
Standardised beta coefficients from sex-stratified multivari-
able linear regression analyses were obtained to examine the
relationship of PA intensities with BMC and BMD, along with
changes in BMC and BMD from baseline to 2.2 years. Model
1 was adjusted for age and smoking status. Model 2 included
covariates in model 1 and additionally, height and total lean
mass. All statistical analyses were performed using SPSS
Version 23 (IBM, USA), and a P value less than 0.05 was
considered statistically significant.

Results

Two hundred and nine participants (53% female; mean = SD
age 64.5+ 7.2 years) were included in this analysis. Total hip
BMC was significantly greater in men than in women (mean +
SD 49.099 + 8.374 vs 33.292 £ 6.809, P < 0.001), but was not
correlated with age.

Table 1 presents statistics according to sex-specific median
total hip BMC. In men, age, body weight and BMI were
significantly greater in individuals with higher hip BMC.
Smoking status was not significantly different between groups
in men. Steps per day were significantly lower in men with

higher total hip BMC. Women who had greater hip BMC were
significantly taller and had higher body weight and BMI than
those with lower hip BMC. There was no difference in
smoking status between groups in women while there was
also no difference in levels of PA. There was also no signifi-
cant difference in the number of participants who met the
American College of Sports Medicine (ACSM) guidelines of
at least 150 min of MVPA per week between groups
(P>0.05).

Table 2 presents mean changes in BMC in men and women
from baseline to follow-up. Total hip decreased significantly
in men between assessments, while lumbar spine and arm
BMC increased. In women, trochanter BMC decreased signif-
icantly, while leg BMC increased.

Table 3 presents cross-sectional multivariable regression
coefficients for associations of PA and BMC at various sites
between sexes. In men, accelerometer-determined steps per
day were negatively associated with BMC at the trochanter,
femoral neck, total hip, arms, pelvis and whole-body sites.
After adjustment for height and lean mass, all associations
became non-significant. No other significant cross-sectional
associations were observed in men. In women, there were no
significant associations between PA and BMC after adjust-
ment for age and smoking status in model 1. Following further
adjustment for height and lean mass in model 2,
accelerometer-determined steps per day and MVPA were both
positively associated with leg BMC. Sedentary behaviour was
also negatively associated with leg, pelvis and whole-body
BMC. No other significant cross-sectional associations were
observed in women.

Table 4 reports sex-stratified standardised multivariable re-
gression coefficients for prospective associations between
baseline PA and change in BMC from baseline to follow-up.
In men, sedentary behaviour was negatively associated with
change in femoral neck BMC in models 1 and 2. Conversely,
sedentary behaviour was positively associated with change in
pelvic BMC in men and total hip BMC in women, in both
models.

The above analyses were repeated for BMD outcomes, and
Table 5 reports sex-stratified standardised multivariable re-
gression coefficients for these analyses. In men, steps per
day were positively associated with change in total hip
BMD in model 1; however, after further adjustment for height
and lean mass in model 2, this relationship was non-signifi-
cant. Steps per day were also positively associated with
change in femoral neck BMD but only in model 2.
Sedentary behaviour was negatively associated with change
in femoral neck BMD in model 2. No other associations were
observed in men. In women, steps per day were positively
associated with change in femoral neck BMD, but after ad-
justment in model 2, the relationship became non-significant.
Steps per day were also positively associated with change in
pelvic BMD yet only in model 2. Light intensity PA was also
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Table 1 Baseline descriptive statistics for men and women stratified by sex-specific median hip BMC
Men (n=98) Women (n=111)
Low hip BMC Normal hip BMC Low hip BMC Normal hip BMC
Mean + SD Mean + SD P Mean + SD Mean + SD P
General descriptive
Age (years) 62.5+7.2 66.6+7 <0.01 659+75 63.4+6.5 0.06
Height (cm) 172.7+6.3 175.3+4.8 0.02 159.2+£5.7 162+5.8 0.01
Weight (kg) 79.7+11.9 88.6+12.1 <0.01 66.5+11.2 76.8+16.1 <0.01
BMI (kg/m?) 26.7+3.7 289+3.9 <0.01 26.2+4 29.3+6.2 <0.01
Smoked (n) 29 26 087 20 27 0.16
Accelerometer
Steps/day 9171.3+£2685.1 7805.4+3410.1 <0.01 6757.3+£33539 7584.8 +£2808.6 0.16
Sedentary behaviour (min/day) 5744+115.2 581.1+101.1 0.485 586.1+85.1 580+82.1 0.70
Light activity (min/day) 237.4+71.1 231.5+73.5 0.187 214.6+78 236.2+66.5 0.12
Moderate and vigorous activity (min/day) 41.3 +25.3 3424299 0.175 25.7+£22.6 31.7+21.5 0.15
Bone mineral content (g)
Trochanter 10.387+1.417 13.716 £1.97 <0.01 6.895+1.111 9.277+1.519 <0.01
Femoral neck 4.481 £0.608 5.249+0.616 <0.01 3.392+0.488 4.112+0.572 <0.01
Total hip 42.682+3.8 56.064 £6.08 <0.01 28.016+3.194 38.664+5.08 <0.01
Lumbar spine 18.076 £2.887 20.774 £3.421 <0.01 12.884+2.444 15.653+£2.594 <0.01
Arm 226.41+24.845 250.965+48.311 <0.01 203.889+£39.082 214.224+38.434 0.16
Leg 485.464 +73.17 569.661+£63.555 <0.01 337.616+69.641  399.001 +53.323 <0.01
Pelvis 244.031 +£42.797 301.952+£50.192 <0.01 168.191+40.433  213.947+45.068 <0.01
Whole body 2086.372£259.747 2428.7+276.645 <0.01 1557.65+240.012 1802.528+225.532 <0.01
Bone mineral density (g/cm?)
Trochanter 0.752+0.088 0.898 £0.097 <0.01 0.612+0.095 0.753+0.101 <0.01
Femoral Neck 0.763 £0.093 0.872+0.114 <0.01 0.668+0.098 0.779+0.1 <0.01
Total hip 0.961 £0.093 1.129£0.102 <0.01 0.805+0.11 0.99+0.113 <0.01
Lumbar spine 1.026+0.12 1.14£0.142 <0.01 0.886+0.129 1.033+£0.134 <0.01
Arm 0.841 +0.095 0.914+0.128 <0.01 0.756+0.108 0.782+0.102 0.20
Leg 1.236+0.123 1.347+0.123 <0.01 1.01+0.166 1.106£0.103 <0.01
Pelvis 1.108+0.116 1.226+£0.135 <0.01 1.023+0.162 1.117+0.136 <0.01
Whole body 1.008 +£0.085 1.105+0.09 <0.01 0.864+0.096 0.932+£0.077 <0.01

positively associated with leg BMD in models 1 and 2.
Conversely, sedentary behaviour was positively associated
with change in total hip BMD in model 2.

Discussion

This longitudinal study of community-dwelling older adults
has demonstrated that sex-specific prospective and cross-
sectional associations exist between accelerometer-
determined PA, BMC and BMD, and that height and lean
mass often mediate these relationships. Our findings highlight
links between weight-bearing and the maintenance of skeletal
health at clinically relevant sites in older adult populations
may be influenced by body composition.
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An unexpected finding was that accelerometer-determined
steps per day were negatively associated with BMC at several
sites in men in cross-sectional analyses, although this relation-
ship was mediated entirely by height and lean mass.
Conversely, in women, positive cross-sectional associations
for steps per day and MVPA were observed with BMC, while
sedentary behaviour appeared to be beneficial for BMC at the
total hip. Positive longitudinal associations were also ob-
served between PA and BMD in both men and women at
the femoral neck, along with the total hip in men alone, al-
though these relationships were inconsistent. These findings
suggest that sex-related body composition differences poten-
tially play an important role in differing effects of PA on BMC
and BMD in older adults.

While interventional exercise studies have demonstrat-
ed positive benefits of higher intensity PA on skeletal
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Table 2 Change in bone mineral

content in men and women over Men Women

the course of follow-up

Mean + SD (g) % change P Mean + SD (g) % change P

Trochanter -0.225+142 -1.56 0.141 —0.241 +0.821 —2.44 0.004
Femoral neck —0.006 £ 0.266 —-0.08 0.833 —0.023 £0.253 —-0.17 0.352
Total hip —0.888 +£3.906 —1.48 0.036 —0.434 +2.425 —141 0.072
Lumbar spine 0.374 + 1.049 1.96 0.001 0.148 +0.817 1.28 0.070
Arm 25.861 + 68.102 12.86 0.001 5.112 + 98.859 4.55 0.601
Leg 4.609 +25.5 1.11 0.095 11.626 + 35.472 3.11 0.001
Pelvis —0.214 £ 24418 0.06 0.935 0.234 £19.372 0.38 0.903
Whole body 23.226 + 152.527 1.38 0.159 3.492 £209.952 0.48 0.866

health [5, 24, 25], the efficacy of free-living PA for mainte-
nance of bone health is less clear. Results from cross-sectional
studies measuring unstructured daily PA are conflicting [14,
16], and no previous study has examined longitudinal associ-
ations of accelerometer-derived PA with change in BMC or
BMD in older adults. Indeed, it has been previously acknowl-
edged that bone density in older adults may not be easily
influenced by daily PA alone [15]. Gerdhem et al. suggest that
reasons for this may be due to the low quantity of total PA
undertaken by older adults [15]. Perhaps more specifically, it
is possible that amounts of high-intensity or high-impact ac-
tivity performed by older adults are insufficient for osteogen-
esis. Given 65% of men and 58% of women in our cohort
completed sufficient MVPA as defined by the ACSM, our
results suggest this level of activity is inadequate to influence
their bone health. Specific PA guidelines for maintaining and
improving bone health in older age may therefore need to be
developed.

Increased mechanical loading remains important, with the
quantity of bone loading determining the scale of osteogenic
response and thus adaption of bone [26, 27]. The results from
our study suggest that perhaps targeted exercise, rather than
daily PA, is most likely to stimulate osteogenesis in older
adults. Hinton et al. demonstrated that in an adult population
(aged 25-60 years), a 6-month high-impact, weight-bearing
exercise intervention improved BMD by 1.3% at the lumbar
spine [28], while a 12-month high-impact exercise interven-
tion in older men increased trochanteric BMC by 12.6% [24].

The magnitude of gravitational impact forces experienced
during activity is naturally a product of both muscle force
generation and body weight, where lower muscle force gen-
eration and/or body weight likely produce negligible impact
force and therefore, little osteogenic benefit. As such, even
individuals with high lean mass may not obtain improvements
in skeletal health if they have low physical activity levels.

Our cross-sectional results in particular suggest that bene-
fits of daily PA are largely mediated by an individual’s height
and lean mass, and suggest that exercise targeting increases in
muscle mass, strength and power, rather than greater

gravitational weight-bearing alone, may be most important
for driving osteogenesis in older adults. Indeed, Rhodes
et al. demonstrated that significant gains in muscle strength
occur in parallel with improvement in BMD [29], and the
recent LIFTMOR trial demonstrated a 7.7% increase in fem-
oral neck BMC alongside significant improvement in a
number of strength and physical function-related assess-
ments in response to 8 months of high-intensity resistance
and impact training [30].

The notion that greater lean mass contributes to greater
bone loading, further supports our finding of prospective neg-
ative associations between sedentary behaviour and both fem-
oral neck BMC and BMD in men. Given the structure of the
femoral neck, it and the proximal femur bear significant
weight from the upper body, and these sites are subject to
significant loading during activity [31, 32]. Equally, greater
sedentary behaviour thus reduces total load on the femoral
neck and may result in a concomitant decrease in bone mass.
Further, Chastin et al. have also previously demonstrated cross-
sectional negative associations between sedentary behaviour
and femoral neck BMD, although solely in women [33].

While accelerometers may accurately quantify exercise in-
tensity, these data often only approximate impact or loading
forces, and as a result, activities with high mechanostatic
strains implicated in osteogenesis may be underestimated or
mischaracterised. Indeed, accelerometer-derived high-in-
tensity PA may in certain instances very closely approxi-
mate high impact, yet there are a number of exercise mo-
dalities involving high intensity but minimal impact which
therefore likely have little benefit for osteogenesis, such as
cycling, swimming or rowing [34]. In an effort to over-
come the limitations of quantifying impact by accelerom-
eters, novel mathematical algorithms have been developed
[35], and additional wearable devices such as cameras and/
or multiple accelerometers have been deployed. These
methods may allow for the development of machine learn-
ing algorithms in accelerometers [36] and subsequently,
the ability to quantify potentially osteogenic exercise more
accurately.
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Table 3  Cross-sectional multivariable linear regression coefficients for associations between baseline PA and sedentary behaviour with BMC.

Coefficients represent standardised (3 coefficients

Men Women
Model 1 Model 2 Model 1 Model 2
8 P 8 p 8 P 8 p
Trochanter
Accelerometer steps —0.264 0.016 -0.079 0.454 0.037 0.728 0.124 0.164
Sedentary behaviour (min/day) 0.097 0.364 0.005 0.962 0.044 0.646 —0.030 0.711
Light physical activity (min/day) —0.093 0.406 0.012 0.903 0.081 0.421 0.122 0.151
Moderate and vigorous physical activity (min/day) -0.099 0.360 0.028 0.777 0.072 0.491 0.121 0.168
Femoral neck
Accelerometer steps -0.311 0.005 -0.136 0.196 -0.014 0.892 0.060 0.528
Sedentary behaviour (min/day) 0.138 0.200 0.044 0.642 0.083 0.377 0.020 0.820
Light physical activity (min/day) —0.066 0.557 0.048 0.624 —0.036 0.715 0.007 0.940
Moderate and vigorous physical activity (min/day) —-0.183 0.093 —-0.070 0.482 0.023 0.820 0.049 0.601
Total hip
Accelerometer steps —0.268 0.013 -0.032 0.750 -0.011 0.912 0.087 0.290
Sedentary behaviour (min/day) —0.008 0.936 -0.113 0.195 0.067 0.483 -0.019 0.801
Light physical activity (min/day) 0.016 0.884 0.118 0.203 0.043 0.669 0.095 0.230
Moderate and vigorous physical activity (min/day) —0.087 0416 0.091 0.327 0.029 0.777 0.075 0.360
Lumbar spine
Accelerometer steps -0.128 0.228 0.080 0.435 0.022 0.828 0.116 0.192
Sedentary behaviour (min/day) 0.074 0.470 -0.012 0.895 0.021 0.825 —0.064 0.431
Light physical activity (min/day) -0.012 0913 0.079 0.408 —0.026 0.792 0.073 0.391
Moderate and vigorous physical activity (min/day) -0.102 0.326 0.032 0.742 0.079 0.432 0.051 0.558
Arms
Accelerometer steps —0.235 0.033 —0.135 0.237 0.034 0.750 0.106 0.292
Sedentary behaviour (min/day) 0.002 0.981 —0.062 0.544 —0.034 0.725 —0.100 0.276
Light physical activity (min/day) -0.052 0.645 0.029 0.789 0.039 0.701 0.113 0.244
Moderate and vigorous physical activity (min/day) -0.149 0.169 -0.089 0.412 0.067 0.522 0.053 0.597
Legs
Accelerometer steps -0.217 0.053 0.058 0.503 0.058 0.562 0.178 0.017
Sedentary behaviour (min/day) 0.196 0.071 0.067 0.381 —0.057 0.538 —0.165 0.016
Light physical activity (min/day) —0.069 0.546 0.092 0.255 0.029 0.766 0.122 0.092
Moderate and vigorous physical activity (min/day) —0.046 0.678 0.126 0.119 0.153 0.122 0.167 0.024
Pelvis
Accelerometer Steps -0.260 0.020 0.000 0.996 0.021 0.834 0.121 0.163
Sedentary behaviour (min/day) 0.112 0.299 —0.006 0.944 —0.068 0.470 —0.160 0.044
Light physical activity (min/day) 0.006 0.957 0.140 0.118 0.037 0.706 0.127 0.128
Moderate and vigorous physical activity (min/day) -0.216 0.048 —0.053 0.560 0.083 0412 0.078 0.364
Whole body
Accelerometer steps -0.326 0.003 —0.045 0.596 0.007 0.945 0.134 0.059
Sedentary behaviour (min/day) 0.175 0.105 0.043 0.575 —0.041 0.659 —0.156 0.015
Light physical activity (min/day) -0.094 0.410 0.058 0.471 0.020 0.840 0.119 0.081
Moderate and vigorous physical activity (min/day) —-0.184 0.093 0.000 0.997 0.095 0.340 0.109 0.118

Model 1 adjusted for age and smoking status

Model 2 adjusted for age, smoking status, height and lean mass
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Table4 Prospective multivariable linear regression coefficients between baseline physical activity and sedentary behaviour with changes in BMC over
2.2 years

Men Women
Model 1 Model 2 Model 1 Model 2
5] P 6 P I P 1] P
Trochanter
Accelerometer steps 0.093 0.433 0.128 0.345 0.000 0.990 0.003 0.977
Sedentary behaviour (min/day) 0.018 0.873 0.01552 0.895 0.102 0.311 0.103 0.308
Light physical activity (min/day) 0.131 0.266 0.144 0.242 0.008 0.940 0.023 0.828
Moderate and vigorous physical activity (min/day) 0.011 0.925 0.017 0.891 —0.040 0.713 —0.054 0.626
Femoral neck
Accelerometer steps 0.185 0.121 0.168 0217 0.197 0.065 0.183 0.088
Sedentary behaviour (min/day) —0.286 0.011 —0.278 0.016 —0.156 0.114 —0.141 0.155
Light physical activity (min/day) 0.049 0.680 0.354 0.775 0.202 0.050 0.194 0.063
Moderate and vigorous physical activity (min/day) 0.188 0.108 0.164 0.189 0.195 0.068 0.199 0.063
Total hip
Accelerometer steps 0.188 0.144 0.062 0.631 —0.041 0.711 —0.055 0.619
Sedentary behaviour (min/day) 0.058 0.612 0.129 0.246 0.215 0.032 0.228 0.023
Light physical activity (min/day) 0.005 0.969 —0.086 0.461 -0.130 0218 -0.162 0.131
Moderate and vigorous physical activity (min/day) 0.041 0.729 —0.049 0.682 —0.045 0.683 —0.028 0.796
Lumbar spine
Accelerometer steps -0.127 0.272 —0.160 0.227 0.067 0.538 0.044 0.686
Sedentary behaviour (min/day) 0.164 0.135 0.170 0.135 0.065 0.518 0.084 0.399
Light physical activity (min/day) -0.179 0.120 —0.181 0.129 0.055 0.597 0.016 0.877
Moderate and vigorous physical activity (min/day) -0.034 0.763 —0.041 0.735 —0.031 0.777 —0.009 0.933
Arms
Accelerometer steps 0.012 0917 —0.135 0.310 —0.146 0.181 —0.154 0.154
Sedentary behaviour (min/day) —0.092 0.420 —0.045 0.698 —0.042 0.680 —0.033 0.739
Light physical activity (min/day) 0.075 0.528 0.025 0.838 —0.131 0.215 -0.126 0.232
Moderate and vigorous physical activity (min/day) —0.044 0.707 —0.144 0.240 —0.162 0.137 -0.177 0.098
Legs
Accelerometer steps -0.104 0.382 —0.158 0.243 0.111 0.313 0.117 0.296
Sedentary behaviour (min/day) 0.054 0.631 0.065 0.576 —-0.032 0.753 —0.036 0.723
Light physical activity (min/day) -0.076 0.523 —0.078 0.522 0.194 0.064 0.206 0.056
Moderate and vigorous physical activity (min/day) -0.125 0.282 —0.163 0.190 0.059 0.591 0.058 0.602
Pelvis
Accelerometer steps 0.021 0.865 0.034 0.800 —0.011 0918 -0.030 0.783
Sedentary behaviour (min/day) 0.246 0.030 0.255 0.024 0.063 0.532 0.077 0.439
Light physical activity (min/day) —0.082 0.495 -0.112 0.354 0.121 0.254 0.083 0427
Moderate and vigorous physical activity (min/day) 0.029 0.808 0.053 0.666 -0.073 0.506 —0.046 0.669
Whole body
Accelerometer steps 0.019 0.871 —-0.130 0.327 —0.081 0.460 —0.089 0.417
Sedentary behaviour (min/day) —-0.025 0.824 0.026 0.817 —-0.039 0.702 —0.030 0.765
Light physical activity (min/day) 0.047 0.693 -0.010 0.934 -0.032 0.762 —-0.026 0.809
Moderate and vigorous physical activity (min/day) —0.065 0.581 —0.168 0.169 -0.144 0.190 -0.157 0.146

Model 1 adjusted for age and smoking status

Model 2 adjusted for age, smoking status, height and lean mass
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Table5 Prospective multivariable linear regression coefficients for the association of baseline physical activity and sedentary behaviour with changes

in BMD over 2.2 years

Men Women
Model 1 Model 2 Model 1 Model 2
8 P 8 p 8 P 8 p
Trochanter
Accelerometer steps 0.184 0.120 0.170 0.207 0.147 0.164 0.141 0.187
Sedentary behaviour (min/day) —0.022 0.847 —0.002 0.984 —-0.010 0.920 0.000 0.998
Light physical activity (min/day) 0.095 0.421 0.091 0.458 -0.029 0.776 —0.034 0.745
Moderate and vigorous physical activity (min/day) 0.128 0.274 0.095 0.445 0.090 0.396 0.088 0410
Femoral neck
Accelerometer steps 0.228 0.055 0.287 0.034 0.208 0.048 0.188 0.061
Sedentary behaviour (min/day) -0.220 0.051 -0.232 0.047 -0.119 0.220 —0.095 0.307
Light physical activity (min/day) 0.035 0.770 0.045 0.716 0.179 0.077 0.174 0.074
Moderate and vigorous physical activity (min/day) 0.185 0.114 0.199 0.111 0.126 0.231 0.120 0.230
Total hip
Accelerometer steps 0.279 0.018 0.174 0.182 0.079 0.468 0.065 0.556
Sedentary behaviour (min/day) 0.010 0.933 0.077 0.496 0.184 0.064 0.199 0.046
Light physical activity (min/day) 0.012 0918 —0.064 0.588 —0.080 0.442 -0.109 0.306
Moderate and vigorous physical activity (min/day) 0.101 0.389 0.007 0.955 —0.006 0.960 0.008 0.939
Lumbar spine
Accelerometer steps -0.024 0.839 0.053 0.683 0.148 0.151 0.128 0.211
Sedentary behaviour (min/day) 0.144 0.187 0.119 0.287 0.018 0.853 0.034 0.714
Light physical activity (min/day) —0.087 0.451 —0.049 0.679 0.097 0.328 0.060 0.547
Moderate and vigorous physical activity (min/day) 0.049 0.668 0.099 0410 0.044 0.669 0.067 0.508
Arms
Accelerometer steps 0.081 0.502 -0.037 0.783 —0.147 0.180 —0.158 0.140
Sedentary behaviour (min/day) —0.104 0.363 —0.061 0.598 —0.006 0.951 0.007 0.947
Light physical activity (min/day) 0.145 0.223 0.092 0.450 -0.142 0.177 -0.142 0.174
Moderate and vigorous physical activity (min/day) -0.075 0.528 —0.165 0.179 —0.168 0.122 -0.182 0.087
Legs
Accelerometer steps —0.030 0.796 —0.163 0214 0.077 0.483 0.085 0.445
Sedentary behaviour (min/day) 0.004 0.973 0.046 0.683 —0.061 0.543 —0.069 0.500
Light physical activity (min/day) 0.019 0.871 —0.033 0.780 0.207 0.048 0.222 0.038
Moderate and vigorous physical activity (min/day) —0.006 0.959 -0.079 0.513 0.013 0.907 0.010 0.926
Pelvis
Accelerometer steps 0.148 0214 0.096 0479 0.206 0.060 0.224 0.043
Sedentary behaviour (min/day) 0.035 0.761 0.068 0.557 0.086 0.397 0.074 0472
Light physical activity (min/day) —0.084 0.483 —-0.133 0.277 0.116 0.273 0.141 0.193
Moderate and vigorous physical activity (min/day) 0.166 0.156 0.134 0.280 0.166 0.129 0.158 0.152
Whole body
Accelerometer steps 0.090 0.447 —0.056 0.665 —0.108 0.325 —-0.115 0.293
Sedentary behaviour (min/day) -0.097 0.390 —0.043 0.704 —0.008 0.936 0.000 0.999
Light physical activity (min/day) 0.165 0.162 0.097 0.412 -0.074 0.486 —0.069 0.519
Moderate and vigorous physical activity (min/day) —0.057 0.627 —0.163 0.174 -0.137 0.211 —0.150 0.166

Model 1 adjusted for age and smoking status

Model 2 adjusted for age, smoking status, height and total lean mass
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A limitation of this study is the relative intensity of PA
levels calculated by accelerometry which were based on
cut points developed within a healthy young adult popula-
tion. As a result, PA classified as light or moderate inten-
sity in this study may in fact be considered relatively vig-
orous amongst older adult populations, potentially
influencing the lack of observed associations. In particular,
given our study population constituted of relatively healthy
community-dwelling older adults, it is likely that these as-
sociations are not generalizable to older adults with poorer
musculoskeletal health where this potential effect may be
more marked. Furthermore, the relatively short period of
follow-up between assessments may explain the lack of
associations observed, with changes in bone mass at cer-
tain sites failing to exceed long-term coefficient of varia-
tion of the study. Given no coefficient of variation mea-
sures was completed for the arms and leg BMC or BMD,
along with substantial longitudinal changes observed at
these sites, the precision of DXA measurements at these
sites is questionable. Studies with longer follow-up periods
and assessment of precision at specific sites are required to
clarify associations of PA with changes in bone health.
Additionally, 7-day accelerometer assessments may not ac-
curately reflect long-term habitual physical activity. While
it is challenging to deploy accelerometers over longer pe-
riods, future studies with prolonged or repeated usage of
accelerometers may improve our understanding of the re-
lationship between changes in PA and bone health during
ageing. Finally, we did not include data on menopause
status or hormone replacement therapy in older women in
this study. The median age of menopause in Australia is 51
[37], and the median age of women in the present study
was 63 years, suggesting the majority of our women were
post-menopausal. Furthermore, roughly 11% of Australian
women were using hormone replacement therapy during
the study period, suggesting this would have limited influ-
ence on our results [38]. Nevertheless, menopause status
and hormone replacement therapy may have been a con-
founder in the observed sex-specific associations between
PA and BMC and should be assessed in future studies.

In conclusion, height and lean mass mediate sex-
specific associations between accelerometer-determined
PA and bone health in community-dwelling older adults.
Positive cross-sectional associations for steps per day and
MVPA were observed in women only, while negative
prospective associations for sedentary behaviour were
observed in men at clinically relevant fracture sites.
These findings suggest that body composition differences
may influence mechanical loading benefits of PA in older
adults.
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