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The Price of Inactivity: the imperceptible 
stressor

Are we muddying age related changes with inactivity related changes? 





Campbell et al. J Neurol Neurosurg Psych (1973)



Loss of strength with ageing

Effect of loss of strength on the ability to perform an action such as rising from a chair, for a young, healthy adult 

(left) and for a sarcopenic older person of the same body weight (right).

MVC = maximal voluntary contraction. Actions that exceed MVC cannot be performed. Baltimore, MD: Williams & 

Wilkins. 

Frontera and Meredith, Exercise rehabilitation of the elderly. In: Rehabilitation of the Aging and Elderly 

Patient, ed. G Felsenthal, S Garrison & FU Steinberg, 1995, pp 35-45. Baltimore, MD: Williams & Wilkins.



Loss of Cardiorespiratory Capacity and Muscle Quality

Schiller et al. Journal of Applied Physiology (2001) 91, 1048-1054

Mitochondrion



Impaired Glucose Tolerance and Ageing



Brain Volume & Cortical Thickness

Fjell et al. February 2009 Cerebral 

Cortex 19(9):2001-12



Physiological Ageing?
HOWEVER………..

Most of these physiological features of ageing appear to be also major features 
of inactivity 

You can make a young person physiologically age simply by making them 
inactive.

………AND YOU DON’T PERCEIVE IT HAPPENING



Lean Muscle Mass
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Isometric Strength

Jones et al. FASEB J, 2004

Examples…….



Limb immobilisation reduces human muscle protein synthesis

de Boer et al. J Physiol. (2007) 15;583(Pt 3):1079-91.



Motor unit (MU) potential size was 

reduced by 11% to 24% with 

immobilisation, while MU firing rate 

decreased by 8% to 11% at several 

contraction levels. All adaptations were 

observed in the immobilised limb only.

These findings highlight impaired neural 

input following immobilisation reflected by 

suppressed MU firing rate which may 

underpin the disproportionate reductions 

of strength relative to muscle

size.
J Physiology 2022 Sep 11. doi: 
10.1113/JP283425.



Eighty studies published since 1949 involving a total 

of 949 participants (mainly young men) of median 

age (interquartile range) 24.5 (22.4 –34.0) yr. 

The duration of bed rest ranged from 1 to 90 days. 

Maximal oxygen uptake declined linearly across bed 

rest duration.



Acute bed rest

Chronic bed rest

Shur et al. JCS&M 13, 2022



Langer et al. Neurology. 2012 Jan 17;78(3):182-8.

Effects of limb immobilisation on brain plasticity: declines in cortical thickness by 

deprivation of motor and sensory input



Question: Is age related physiological decline as much a function of 
inactivity as ageing phenomena per se?  



Although few alternative 

values have been 

considered, the 

continued use of <5000 

steps/day as a step-

defined sedentary 

lifestyle index for adults 

is appropriate for 

researchers and 

practitioners and for 

communicating with the 

general public.

Appl. Physiol. Nutr. Metab. 38: 100–114 (2013) 

dx.doi.org/10.1139/apnm-2012-0235



What’s the significance of being inactive?
Blair Br J Sports Med 2009, 43: 1: 1-2

Attributable fractions (%) for all 

cause deaths in 40,842 (3333 

deaths) men and 12,943 (491 

deaths) women in the Aerobics 

Center Longitudinal Study.

The attributable fractions are 

adjusted for age and each other 

item in the figure.

* = cardiorespiratory fitness 

determined by a maximal exercise 

test on a treadmill. 



Evidence from Public Health Epidemiology –

Examined 240,819 adults (aged 50 –71 y) 

who did not report any cancer, 

cardiovascular disease, or respiratory 

disease at baseline. Mortality was 

ascertained over 8.5 y. Time spent in 

sedentary behaviours was positively 

associated with mortality

Sedentary time is associated 

with an increased risk of 

diabetes, cardiovascular 

disease and cardiovascular and 

all-cause mortality; the 

strength of the association is 

most consistent for diabetes.



Inactivity in chronic disease

Physical activity (daily step count) chronic disease
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Tudor-Locke et al. Preventative Medicine 2009



Fifteen studies involving 47,471 adults, among whom there were 3013 deaths (10.1 per 

1000 participant-years) over a median follow-up of 7.1 years ([IQR 4.3–9.9]; total sum 

of follow-up across studies was 297,837 person-years).

How far to walk to benefit?



Age and step count 

relationship with all-cause 

mortality

Progressively decreasing risk of 

mortality among adults aged 

60 years and older with 

increasing number of steps 

per day until 6000–8000 steps 

per day and among adults 

younger than 60 years until 

8000–10 000 steps per day.

Conclusion

Taking more steps per day was 

associated with a progressively 

lower risk of all-cause 

mortality, up to a level that 

varied by age.

How far to walk to 

benefit?



How fast to walk to benefit?

1705 men aged 70 or more participating in CHAMP (Concord Health and 

Ageing in Men Project) followed for a mean of 59.3 months.

The mean walking speed was 0.88 (range 0.15-1.60) m/s.

Survival analysis showed that older men who walked faster than 0.82 m/s 

(about 2 miles per hour) were 1.23 times less likely to die (95% confidence 

interval 1.10 to 1.37) than those who walked slower.

When a walking speed of 1.36 m/s (about 3 miles per hour) or greater was 

achieved risk of death was almost eliminated.
Stanaway et al. BMJ 2011;343:d7679



Epidemiology will bring 

evidence of association, 

but cannot provide any 

evidence of mechanisms 

responsible for any 

association reported.

Do not assume

cause and effect 

relationships exists. 



Wroblewski, A., et. al. Chronic Exercise Preserves Lean Muscle Mass in Masters 
Athletes. The Physician and Sports medicine. 39, 2011.

Physical inactivity is likely to be the primary driver of

poor health span and chronic disease progression.

Epidemiological evidence of associations between

inactivity and chronic disease and mortality is

strong.

However, we urgently need to understand the

mechanistic basis of these associations to arrive at

robust health guidelines. This will require

longitudinal human volunteer intervention studies in

different cohorts of people employing state of the

art biomedical analytical approaches.



Concurrent multi-organ responses to CHronic physical 

Activity and INactivity intervention, to increase research 

discovery in human health and wellbeing.


