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Abstract

Background

The influence of sedentary time (ST) and habitual physical activity (PA) on the bone health of middle aged adults
is not well known.

Methods

Bone mineral density (BMD) and hip bone geometry were evaluated in 214 men (n=92) and women (n=112) aged
62.1+ 0.5years from the Newcastle Thousand Families Study birth cohort. Accelerometry was used to measure
PA and ST over four days. Regression models were adjusted for clinical risk factor covariates.

Results

Men were more sedentary than women (p<0.05). ST was negatively associated with spine BMD in men, with 84
minutes more ST corresponding to 0.268g.cm lower BMD (B= -0.268; p=0.017). In men, light PA and steps/day
were positively associated with bone geometry and BMD. Steps/day was positively associated with bone geometry
and femur BMD in women, with a positive difference of 1415 steps/day corresponding to 0.232g.cm? greater
BMD (B=0.232, p=0.015).

Conclusions

ST was unfavourably associated with bone strength in men born in North East England at age 62 years. Higher
volumes of light PA and meeting public health daily step recommendations (reaching 10,000 steps/day) was

positively associated with bone health in both sexes.



Introduction

Osteoporosis is defined by the World Health Organisation (WHO) as a ‘progressive systemic skeletal disease
characterized by low bone mass and microarchitectural deterioration of bone tissue, with a consequent increase
in bone fragility and susceptibility to fracture’, and is more common with age [1]. In the United Kingdom alone,
there are over half a million new fragility fractures annually, and this number is expected to rise by 27% between
2010 and 2025 [2].

There are a number of factors that influence the risk for osteoporosis including glucocorticoids and
parental history of osteoporosis. Modifiable factors include physical activity (PA) [3-8]. It is established that bone
adapts to its loading environment [3] and that weight-bearing and muscle loading exercises are osteogenic in
younger [4] and older populations [5-10]. In the absence of loading, bone strength is reduced [11-13]. As such,
habitual sedentary behaviour might have a similar detrimental effect on bone as bed-rest or microgravity
environments [11], through reduced muscle forces and skeletal unloading [12, 13].

Older adults are more sedentary than younger individuals [14] and less likely to meet the public health
PA recommendations of 10 000 steps per day, or 150 minutes of moderate or 75 minutes of vigorous PA per week
[15-17]. However, there is scant evidence on the contribution of objectively-measured habitual PA and sedentary
time to bone strength in this population. One study reported significant adverse associations between sedentary
time and hip bone mineral density (BMD) in older women, but not men [18], and another reported no associations
in women [19]. The aim of this current study was to determine if objectively-measured sedentary time and PA are
associated with BMD and bone geometry in men and women at age 62 years. Additionally, sex differences in PA

levels and sedentary time, were explored.

Methods

Study population

Two hundred and fourteen adults (men, n = 92; women, n = 122) aged 62.1 + 0.5 years, from the Newcastle
Thousand Families Study birth cohort were included in this analysis. The NTFS was initiated in 1947, when
1142 children born in May and June that year to mothers resident in the city of Newcastle upon Tyne were
recruited to a study of the health of children living in the city, in response to the high infant mortality rate and
poverty levels in the city at that time [20]. The birth cohort has been described in detail at age 50 years [21]. The
current study evaluated participants during the most recent follow up wave in 2011, where 352 participants

returned for a clinical examination, having completed health and lifestyle questionnaires. The remainder of the



sample could not be contacted, had moved away from the area, did not wish to take part or had died. Of those
who returned for clinical assessments, 214 provided sufficient accelerometry data to be included in the analyses.
A favourable ethical opinion was obtained from the Sunderland Research Ethics Committee [Reference

09/H0904/40]. All included study members gave their written informed consent.

Accelerometer-measured sedentary time and physical activity

Sedentary time and PA were assessed using validated Actigraph accelerometery [GT1M, Actigraph Corp, US],
which participants were asked to wear for seven consecutive days [22, 23, 24]. Participants were requested to
wear the monitor for as much of the day as possible, removing it for washing and bathing, swimming and for bed
at night. The Actigraph detects vertical accelerations over a user-specified time interval epoch, and used is used
to calculate time spent in activities of different intensity [25]. In this study, an epoch length of 60 seconds was
specified. The accelerometer data files were processed using the Actilife Software package. Sedentary time was
defined as less than 100 counts per minute [cpm], light PA as 100 - 1951 cpm, moderate intensity PA as 1952 -
5725 cpm and vigorous PA as more than 5725 cpm [25]. As the time spent in vigorous activity was very low,
minutes of moderate and vigorous PA [MVPA] were combined. Runs of zero counts lasting more than 60 minutes
were excluded, as it was considered the monitor must have been removed for this time. A valid day of recording
was defined as one in which more than 500 minutes of monitored on-time were recorded in a 24 hour period [26];
only participants recording at least four valid days of accelerometry were included and only valid days were
analysed. The total daily time [in minutes] spent in MVVPA were obtained by totalling the duration of all the bouts
at each level for each day. The values were then averaged over the number of valid days to derive the percentage
of time spent in MVPA per day. Time spent sedentary and time spent in light PA were recorded. The number of

daily steps were also obtained, which enabled comparisons with public health recommendations.

Bone strength

Participants wore light-weight clothing with shoes and all jewellery removed. Body weight was measured to the
nearest 0.1 kg using calibrated electronic scales and standing height was measured to the nearest 0.1 cm using a
stadiometer. BMI was subsequently calculated (weight [kg]/height[m]?). Dual energy X-ray absorptiometry
(Lunar iDXA, GE Healthcare, Madison, W1) was used to evaluate BMD (g.cm2) of the lumbar spine (L1 - L4),
total hip and sub-regions of the hip. Structural geometry of the right proximal femur was estimated from the

acquired scans by utilising the GE Lunar Advanced Hip Structural Analysis programme. Cross-sectional area



(CSA in cm?), cross-sectional moment of inertia (CSMI, in cm*) and femoral strength index (FSI) values were
derived. Precision (CV) for the iDXA measurements are 0.4% for lumbar spine BMD and 0.9% for femoral

neck BMD [27]. DXA precision error for CSMI and CSA are 3.7% and 3.1% respectively [28]. Scan analysis
was performed by the same trained operator using the Lunar enCORE software (version 12.0, GE Healthcare,

Madison, WI).

Clinical risk factors and falls

Clinical risk factors for bone fragility were evaluated and treat as covariates in the analysis. In addition to sex
and BMI, the covariates included previous fracture, parent hip fracture, current smoking, rheumatoid arthritis,
corticosteroid use and alcohol consumption, all ascertained from general health questionnaires. Participants also

recorded the number of falls within the last 12 months.

Statistical analysis

All analyses were done using SPSS version 22.0 (IBM Corporation, US). Comparisons of BMI and femoral
neck BMD between participants with (n = 214) and without (n = 138) accelerometer data were made by
independent T-tests. Normality was tested using the Kolmogorov-Smirnov test. In men, total hip BMD, Wards
BMD and FSI were not normally distributed, and in women, total hip BMD was not normally distributed.
Therefore, the natural log-transformed values for these variables were created to be used in bivariate analysis
and modelling. All descriptive data are expressed as means and their standard deviations (SDs). Associations
with bone strength were initially explored using Pearson's correlation coefficients. Covariates (including CRFs)
with a p-value < 0.05 (two tailed test) were included in the linear regression models, which were used to
examine sex-specific relationships between bone strength, PA levels and sedentary time, with bone strength
parameters as the dependent variables. Standardised coefficients enabled the interpretation of differentiation in

bone strength parameters according to sedentary time (minutes) or steps per day.

Results
There were fewer men (44% v 51%) and more women (49% v 56%) in the current sample than in the 1947
cohort (p = 0.008). There were no differences in BMI or femoral neck BMD between those who did and did not

have accelerometry data (p > 0.05). Over half of women had used hormone replacement therapy (58%). Clinical



risk factors for osteoporosis are given in Table | and Table 11 presents the anthropometric, PA and bone strength
results for the cohort by sex.

Men spent more time sedentary and less time in light PA than women (Table 2). Sedentary time ranged
from 305 to 676 minutes per day in men and 283 to 691 minutes per day in women. Time spent in MVPA in
women ranged from 1 to 115 minutes per day and in men, 0 to 111 minutes. The average daily steps ranged
from 1371 to 19 294 in women and 889 to 19 922 in men, and mean values fell short of the recommended 10
000 steps/day [15 - 17]. Twelve women (10%) and 7 men (8%) met or exceeded 10 000 steps per day. There
were no differences in sedentary time or PA levels between participants who had or had not fallen in the last 12
months (Table I1).

Lumbar spine BMD, total hip BMD, CSMI and CSA were higher in men than women, but there were
no differences in femoral neck BMD and FSI (Table 2). In this cohort, 63% (n = 71) of women and 48% (n =

44) of men were either osteopenic or osteoporotic.

Women
Sex-specific unadjusted correlation coefficients between dependent and independent variables are given in Table
IV. BMI was positively associated with all BMD outcomes. There were no associations between self-reported
hormone therapy and BMD. Smoking was associated with lower CSA, and use of corticosteroids was associated
with lower total hip, femoral neck and Wards area BMD, and lower CSMI. Higher number of steps per day were
associated with higher femoral neck and Wards area BMD, and with a greater CSA.

After adjustment for BMI and use of corticosteroids, steps per day remained associated with femoral
neck BMD (B = 0.232 g.cm?; Cl 0.228 - 0.236; p = 0.015). The standardised coefficient corresponds to a 0.232
g.cm? higher femoral neck BMD for 1415 more steps per day. After adjusting for BMI (B = 0.174 mm?) and
smoking (B = -0.256 mm?), the regression coefficient for CSA and steps per day was B = 0.253 mm? (Cl 0.249 -

0.257; p = 0.006).

Men
BMI was associated with lumbar spine BMD but no other measures of bone strength, and smoking was associated
with lower CSA (Table 1V). Sedentary time was associated with lower lumbar spine, total hip and Wards area

BMD, and time spent in light PA was positively associated with lumbar spine, femoral neck, Wards area and total



hip BMD (Table 1V). Steps per day were positively associated with total hip BMD and all hip bone geometry
outcomes, FSI, CSMI and CSA (Table 1V).

Lumbar spine BMD remained associated with sedentary time after adjustment for BMI (f =-0.268 g.cm
2: Cl -0.347 - -0.189; p = 0.017). The standardised coefficient corresponds to 0.268 g.cm-? lower lumbar spine
BMD for 84 more minutes per day spent sedentary. As TH and Wards area BMD were transformed a similar
interpretation was not feasible. After adjustment for BMI, lumbar spine BMD remained positively associated with
light PA (B = 0.322 g.cm; Cl 0.237 - 0.395; p = 0.004), corresponding to a 0.322 g.cm higher lumbar spine
BMD for 82 minutes more per day spent in light PA. The linear regression coefficient between steps per day and

CSA, after adjustment for smoking was p = 0.210 mm? (CI 0.109 - 0.319; p = 0.05).

Discussion

Main findings of this study

In this study of men and women aged 62 years and born in the North East of England, there were negative
associations between sedentary time and BMD in men. Notably men were also found to be more sedentary than
women. Although there were no associations with MVPA, the amount of time men spent in light PA was
favourably associated with spine and hip BMD. In both sexes, a higher number of steps/ day was associated with
higher BMD and positive bone geometrical properties, suggesting that a more active lifestyle was associated with

better bone health.

What is already known on this topic
Previous studies have reported negative associations between objectively-measured sedentary time and bone
strength only in women [18, 29]. A negative association between self-reported sedentary time and bone strength
in men has been reported previously [30]. Self-reported non-study use of the internet in male adolescents was
associated with lower total body and femoral neck bone mineral content [30]. In older men, greater self-reported
sitting time has been shown to be associated with reduced lean mass and an increased risk of sarcopenia [31],
suggesting a similar disuse trajectory.

We observed positive associations between light PA and bone strength in men and steps per day and
bone strength in both sexes. This is in agreement with previous cross-sectional and prospective studies measuring

PA by self-report [32-35] suggesting the importance of habitual PA for bone health. Most previous studies have



reported positive associations between PA and femur BMD only, and not the lumbar spine [18, 32-35]. Although
we found no associations at the lumbar spine in women, BMD at this site was greater in men who engaged in
higher levels of light PA and who recorded more steps per day. This might reflect the site-specific mechanics of
exercise [36] and it should be considered that bone can become accustomed to repetitive patterns of loading [e.g.
walking and running] [37]. It is also possible that earlier life PA might have impacted on later life bone strength

[38].

What this study adds

To our knowledge this is the first study to demonstrate an unfavourable relationship between objectively-measured
sedentary time and bone strength in men. Our study found that additional 84 minutes per day spent sedentary was
associated with a 0.268 g.cm lower lumbar spine BMD. This is clinically relevant given that in real terms, it
could mean the difference between having normal T-score or an osteopenic T-score. It should also be considered
that the strength of the association between sedentary time and total hip BMD (R = -0.195) was not dissimilar to
that of smoking (R = —0.209), which is a known risk factor for osteoporosis. The findings of the present study
together with evidence elsewhere, suggest that sedentary behaviour is a modifiable factor influencing bone health
in men, as well as in women [18, 29]. Our findings also support recent calls for interventions aimed at reducing
sedentary behaviour including sitting time, in older adults [39], following accumulation of evidence linking
sedentary behaviours with cardiometabolic health [40]. We suggest that there may be benefits in promoting a
reduction in sedentary time for improving bone health in men in addition to the well documented cardiometabolic
benefits.

Interestingly, MVVPA was not associated with any bone health outcomes, unlike in several previous
accelerometry-based studies, which have reported positive associations between comparable levels of MVPA and
femoral neck, total hip and tibial BMD [18, 41]. Steps/day and light PA were more predictive of bone strength
outcomes than MVPA. In women, the regression coefficient describing the relationship between steps per day and
femoral neck BMD after correction for significant CRFs, indicates that a change of 1415 steps per day corresponds
to a 0.232 g.cm2 higher femoral neck BMD. This would constitute as a clinically meaningful difference in terms
of equivalent diagnostic T-score. The number of steps is equivalent to around 15 minutes extra of moderate
intensity walking per day [42] This figure is also similar to that derived by Chastin et al. of 0.300 g.cm™2 higher
total femur BMD for every 10 minutes of MVVPA in men [18]. Walking is an accessible and inexpensive form of

PA with multifarious health benefits, and the aforementioned PA levels are comparable to those shown to deliver



improved cardiovascular health, lower cancer and mortality rates, through active commuting in adults [43] and of
relevance to policy makers, support the current public health recommendation of 10 000 steps/day [15 - 17].

It is notable that in both sexes, the strength of the associations observed between steps/day and light PA
with BMD were greater or comparable to those for smoking, corticosteroid use and BMI. Furthermore, adjustment
for CRFs did not change the positive associations between PA and bone strength. These findings suggest that PA
interventions for bone health in older adults could include light PA, associated with achievable benefits regardless
of BMI, smoking and corticosteroid use. However, there are currently no specific guidelines for light PA or for
reducing sedentary time at population level. Such an approach might be particularly useful for older adults who
may find MVPA difficult to achieve independently, and who may, following retirement, be more likely to engage

in sedentary behaviours such as increased television viewing time [44].

Limitations of this study

The firstly limitation is that although we found no associations between MVPA and bone strength, accelerometry
is not able to classify all types of PA including some high impact loading exercises [e.g resistance training], which
are known to be especially oestogenic [12, 45]. Secondly, it has been hypothesised that attaining a 10% higher
peak bone mass in young adulthood could delay the development of osteoporosis by around 13 years [46].
Therefore it is possible that individuals who have greater BMD at age 62 years, had previously achieved a higher
peak bone mass at a time when the skeleton was especially responsive to exercise [4]. It is not possible to confirm
this from the current cross-sectional analysis and there is risk for reverse causation arising from morbidity, none-
the-less, elsewhere, bone loss has been clearly evidenced in adults who are sedentary or in bed rest [18]. Finally,
caution should be taken when making inferences given that the study was performed among members of a birth
cohort born in Newcastle upon Tyne, UK who were aged 61 to 63 years. This age group does however, have
particular public health importance because the risk of osteoporosis and fracture is increased compared to

younger ages, and effective risk factor modification is still viable.

Conclusions
In conclusion, the results from this present study demonstrate an unfavourable relationship between sedentary
time and bone strength in men. Light PA and steps taken per day were associated with better bone strength in

older men and women independent of clinical risk factors, and more so than MVPA. These findings provide



impetus for interventions in older adults that seek to reduce sedentary time and increase habitual PA levels

regardless of intensity.
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Table I. Clinical risk factors for osteoporosis and fracture, age 62 years

Women Men
Use of corticosteroids [>3 months] 7 (5.8%) 5 (5.7%)
Parental fracture 4 (3.3%) 6 (6.7%)
Previous fracture 21 (17.1%) 16 (18.2%)
Hip fracture 1 (0.8%) 2 (2.2%)
Rheumatoid arthritis 1 (0.8%) 1(1.1%)
Current smoking 9 (7.4%) 12 (13.6%)
Alcohol consumption >3 units/daily 15 (12.4%) 23 (26.1%)
Fallen within last 12 months 20 (16.5%) 16 (17.4%)




Table I1. Anthropometric, bone strength and physical activity parameters (mean, SD)

Women Men P
Height, cm 161.2+6.8 173.3+£7.2 < 0.001
Weight, cm 73.3+14.5 82.7+15.2 < 0.001
Body mass index, kg.m 28.2+54 27649 0.346
Sedentary time, minutes/day 493.6 £ 69.7 523.2 £ 83.7 0.008
Light activity time, minutes/day 275.9 + 59.7 253.2+82.2 0.028
MPVA time, minutes/day 22.1+19.9 23.8+17.9 0.525
Steps per day 8,035.9+1,415.2 8,113.9+1,572.1 0.970
Lumbar spine BMD, g.cm? 1.105+0.175 1.207 £ 0.168 < 0.001
Lumbar spine T-score -07x14 -02+£14 < 0.001
Total hip BMD, g.m? 0.987 +0.138 1.077 £ 0.155 <0.001
Femoral neck BMD, g.cm 0.918 +0.169 0.961 + 0.166 0.070
Femoral neck T-score -05x12 -08x12 0.070
Wards area BMD, g.cm? 0.739£0.161 0.771£0.176 0.179
Trochanter BMD, g.cm 0.821+0.135 0.985+0.178 < 0.001
Femoral Strength Index 15+£05 1504 0.640
CSMI [mm4] 10,092.6 + 2,603.5 17,231.5 + 4,480.2 < 0.001
CSA [mm?] 141.2 £29.9 1739+ 315 < 0.001

MVPA: moderate to vigorous physical activity; BMD: bone mineral density; CSMI: cross-sectional moment of

inertia; CSA: cross-sectional area




Table I11. Sedentary time, physical activity levels and reported falls in the last 12 months (mean, SD)

Women Men
Fall (n=17) No fall (n=105) P Fall (n=15) No fall (n=77) P
Sedentary time, min/day 483.0+74.1 495.3 £ 69.1 0.516 517.1+70.1 526.9£87.9 0.697
Light physical activity, min/day 271.8 £ 62.7 276.6 £ 59.6 0.767 233.4+£90.3 260.5+82.2 0.275
MVPA, min/day 20.6 £ 26.6 23.5+20.6 0.614 23.9+137 24.1+18.8 0.984
Steps per day 6348.4 £3591.3 | 7017.7+3001.1 | 0572 | 7351.4+3744.7 | 6545.1 +3235.3 0.400




Table V. Unadjusted Pearson correlation coefficients [p values] of physical activity levels and bone strength parameters

Sedentary time

Light physical activity

MPVA

Steps per day

BMI

Smoking

Corticosteroids

Women

Lumbar spine BMD

0.017 [0.860]

0.038 [0.699]

-0.145 [0.129]

0.123 [0.183]

0.369 [<0.001]*

-0.051 [0.595]

-0.186 [0.051]

Total hip BMD'

-0.018 [0.856]

0.079 [0.415]

-0.024 [0.806]

0.145 [0.116]

0.326 [<0.001]*

-0.116 [0.227]

-0.225 [0.018]*

Femoral neck BMD

-0.077 [0.431]

0.074 [0.447]

-0.100 [0.273]

0.203 [0.037]*

0.255 [0.008]*

-0.141 [0.145]

-0.208 [0.030]*

Wards area BMD

0.051 [0.626]

0.043 [0.658]

-0.030 [0.753]

0.183 [0.057]

0.248 [0.010]*

-0.176 [0.068]

0.211 [0.028]*

Trochanter BMD

-0.024 [0.805]

0.079 [0.417]

-0.072 [0.458]

0.156 [0.109]

0.330 [<0.001]

-0.039 [0.683]

0.187 [0.051]

Femoral Strength Index

-0.094 [0.334]

0.159 [0.101]

0.126 [0.194]

0.172 [0.079]

n/a

-0.115 [0.233]

0.069 [0.477]

Femur CSMI

-0.014 [0.888]

-0.002 [0.986]

0.088 [0.338]

0.171 [0.080]

0.086 [0.378]

-0.004 [0.964]

0.185 [0.050]*

Femur CSA

-0.045 [0.645]

0.048 [0.627]

0.052 [0.574]

0.243 [0.011]*

0.137 [0.174]

-0.235 [0.014]*

0.162 [0.093]

Men

Lumbar spine BMD

-0.221 [0.050]*

0.260 [0.021]*

0.036 [0.741]

0.057 [0.614]

0.229 [0.033]*

-0.037 [0.736]

-0.050 [0.653]

Total hip BMD T

-0.195 [0.048]*

0.257 [0.021]*

0.041 [0.705]

0.282 [0.038]*

0.160 [0.137]

-0.209 [0.050]*

-0.132 [0.232]

Femoral neck BMD

-0.131 [0.242]

0.230 [0.039]*

0.020 [0.981]

0.145 [0.190]

0.100 [0.353]

-0.021 [0.851]

-0.023 [0.837]

Wards area BMD 1

-0.264 [0.017]*

0.254 [0.023]*

0.052 [0.626]

0.175 [0.110]

-0.012 [0.909]

-0.058 [0.595]

-0.081 [0.462]

Trochanter BMD

-0.083 [0.467]

0.168 [0.135]

0.075 [0.483]

0.117 [0.292]

0.101 [0.349]

-0.129 [0.239]

-0.209 [0.056]

Femoral Strength Index'

-0.093 [0.407]

0.064 [0.571]

0.113 [0.210]

0.320 [0.002]*

n/a

-0.150 [0.169]

0.011 [0.921]

Femur CSMI

-0.174 [0.121]

0.117 [0.297]

0.198 [0.060]

0.261 [0.017]*

0.028 [0.795]

-0.165 [0.129]

-0.045 [0.682]

Femur CSA

-0.166 [0.138]

0.171[0.126]

0.148 [0.166]

0.308 [0.005]*

0.135 [0.208]

-0.275 [0.010]*

-0.119 [0.280]

BMD: bone mineral density; CSMI: cross-sectional moment of inertia; CSA: cross-sectional area; BMI: body mass index; * significant association at p < 0.05; "Log transformed




