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Introduction

In the UK, one in two women and one in five men over
the age of 50 will experience an osteoporotic fragility
fracture'. The combined lifetime risk for hip, forearm
and vertebral fractures coming to clinical attention is
around 40%, equivalent to the risk for cardiovascular
disease?. Living with osteoporosis is challenging, with
huge personal consequences for the individuals® and
large economic consequences for the NHS“. Although
some bone loss is a normal part of the ageing process,
osteoporosis is not an inevitable disease of the old, with
many risk factors for osteoporosis and osteoporotic
fracture being modifiable’; immobility has long been
recognised as such a risk factor. There is a plethora of
studies investigating the beneficial effects of exercise/
physical activity modalities and bone health; the majority
of them concentrate on the high end of the physical
activity continuum (i.e. the high intensity physical
activity). For example, Stiles and colleagues® advocate
that accumulating 1-2 min/day of high-intensity activity,
equivalent to running in pre-menopausal women and
slow jogging in post-menopausal women, would lead

to improvements of bone health. However, in addition
to this body of evidence, there is currently emerging
data from the opposite end of the spectrum (inactivity/
sedentary behaviour) to support the detrimental effects
of such behaviours on bone. Everyday modern life lends
itself for prolonged periods of immobility (such as long
uninterrupted periods of sitting at work, transportation,
leisure e.g. TV viewing). Data from cross-sectional

and longitudinal studies suggest that such sedentary
behaviours might have a detrimental effect on bone
mineral density (BMD). There is also the suggestion that
breaking up prolonged bouts of sedentary behaviour (by
standing up) might also have beneficial effects on the
skeleton but data on this are currently sparse.

Sedentary behaviour and health

Sedentary behaviour (SB), recently segregated from
the term Physical Activity (PA), can be defined as ‘any
waking activity characterized by an energy expenditure
< 1.5 metabolic equivalents (METs), while in a sitting,
reclining or lying posture’”. High volumes of SB can be
detrimental to health, after controlling for the role of

may meet the physical activity guidelines (of at least
150 minutes of MVPA per week™), but still be at risk
due to their high levels of SB throughout the reminder of
their day®.

Adverse health consequences include higher risk of
cardiovascular disease™ , diabetes mellitus™ , and
reduced cognitive function™. The increasing evidence
regarding the deleterious health effects of SB, led the
UK'’s four Chief Medical Officers™ (Figure 1) and the
American Heart Association™ making recommendations
to reduce SB in addition to engaging in physical activity.

SBs are now ubiquitous in everyday life - during work
(e.g. sitting in front of a computer), leisure (e.g. watching
TV) and transportation (e.g. driving). National surveys
reveal that adults spend on average 6-8 hours/day
sitting increasing to 8-10 hours in older age™™.

Sedentary behaviour and bone health:
proposed biological mechanism

It has been postulated that SBs might also have an
adverse effect on bone health™"® and thus be a risk
factor for osteoporosis. It has been hypothesised

that regular and sustained SB exposure, leading to
diminished postural variation, might affect bone
physiology in a similar way to that observed in extreme
cases of immobilisations (e.g. bed rest studies), but this
remains to be tested.

The effect of complete immobilisation (e.g. total bed
rest for 12 weeks) on bone metabolism is pretty severe
and can lead to 3-5% decrease in bone mineral density,
equivalent to about a decade of normal ageing bone
loss™2° The bone mass loss is mostly pronounced in
the cortical section of the epiphyses?'. At the metabolic
level this seems to result from an imbalance of bone
resorption and formation, described by a rapid increase
in collagen breakdown products without any or with
marginal changes in markers of bone formation.

In everyday life, long periods of immobility such as

the ones seen in complete bed rest are rare; however
modern lifestyles are increasingly leading to excessive
exposure to long periods of time spent sitting. While not
as extreme as bed rest, these SBs involve prolonged
periods of unloading of the lower limbs and diminished
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Evidence from cross-sectional and
longitudinal studies

A number of studies mainly in children and adolescents
have been conducted in this area and a recent systematic
review explored the effects of SB on bone health in children,
adolescents and young adults?. It was concluded that there
is a negative association between SB and bone health in
children in the lower extremities, and that one less hour of
sedentary time mimics the positive effect of 18 minutes of
moderate-vigorous physical activity (MVPA), however, these
findings were based on a small number of studies.

In older adults, early cross sectional studies showed that the
risk of osteoporotic fracture doubled in post-menopausal
women who reported over 4 hours of daily sitting?®. This could
however have been explained by frailer women, who would
be more likely to experience osteoporotic fracture, having

a tendency to sit more. More recently, work with data from
the NHANES study revealed that in a large representative
sample of adult women (age range: 23-90 years), habitual
sitting time was associated with lower femoral bone mineral
density regardless of age, menopausal status and presence
of other risk factors such as alcohol intake or smoking ™.
Remarkably, this association was still present in women who
engaged in exercise and regular physical activity, with an
effect size commensurate with that of tobacco consumption,
suggesting that too much habitual sitting in daily life might be
an important risk factor for bone health.

More recent findings by Rodriguez-Gomez et al. found that
the associations between the movement patterns and BMD
seem to be gender specific. When they analysed 871 older
(mean age 76.8 + 5.0 years) people’s data from the Toledo
Study in Healthy Aging, they found that there is positive effect
of MVPA relative to other behaviours on bone mass in men.
In women, however fracture risk was decreased through an
increase in PA and a reduction in SB?*. Increasing the number
of breaks in SB was also positively associated with a higher
BMD in both men and women.

A study by Onamele-Pearson et al. (2019) included 112
community dwelling OA aged between 57-89 years found that
the number of breaks in SB was positively linked to a higher
BMD at various sites in both men and women. The number

of short duration SB breaks (<5mins) in women appeared
beneficial for BMD at sites such as ribs, upper and lower limbs.
In men, MVPA appeared to have beneficial effects on BMD %,

In addition to the above observational studies, some small
studies have investigated the effects of regular standing on
preventing bone loss that is pronounced in certain diseases
and conditions. For example, one study showed that bone
loss could be prevented after long term immobilisation due
to spinal cord injury, with as little as 30 minutes of standing
three times per week for 12 weeks?®. More recently, a study
of 44 community dwelling post-menopausal women aged
>60 years old, found that reduced sedentary time and a
great number of breaks in SB were significant predictors of
osteopenia/osteoporosis at the femoral neck but not the
lumbar spine?. A one-unit increase in daily sedentary time
and a one unit increase in the number of daily breaks in SB
decreased the odds of being classified as osteoporotic or
osteopenic by 2% and 10% respectively.
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Conclusion: future studies

To the best of the authors’ knowledge, there are no large
scale randomised controlled trial interventions in SB and
bone health. The current cross-sectional evidence needs to
be substantiated by controlled experimental data to ascertain
how much prolonged sitting affects bone metabolism and the
mechanisms likely to be involved. The Royal Osteoporosis
Society is currently funding such a study, which is due to
produce results to this effect in early 2020. This study aims
to investigate the acute dynamics of bone metabolism during
prolonged sitting, using data from controlled laboratory
experiments. If this study identifies a significant effect of SB
on bone metabolism then, as is now recommended in the
case of type 2 diabetes?, it may be that breaking up periods
of prolonged sitting regularly could be a simple and cheap
new lifestyle tool to prevent bone loss, particularly in older
adults who are the most sedentary segment of society and
have the highest prevalence of osteoporosis.

Key points:

— 1. Sedentary behaviour (SB) is any waking activity
characterized by an energy expenditure <15
metabolic equivalents, while in a sitting, reclining, or
lying posture. Examples include sitting in front of a
computer, watching TV, and driving.

— 2. High volumes of SB can be detrimental to health
(e.g. cardiovascular disease, diabetes mellitus).

— 3. ltis possible that regular and sustained SB exposure,
leading to diminished postural variation, might affect
bone physiology in a similar way to that observed
in extreme cases of immobilisations (e.g. bed rest
studies).

— 4. Observational studies report negative associations
between SB and bone health, but these appear to be
gender specific and results are not unanimous.

— 5. More experimental data is required to ascertain how
much prolonged sitting affects bone metabolism
and the mechanisms likely to be involved.
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