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Promoting physical 
activity with wearables 



Why older adults should exercise?



• In 2025, there will be a total of about 1.2 
billion people over the age of 60. 

• Active ageing is the process of optimizing 
opportunities for health, participation and 
security in order to enhance quality of life as 
people age.

• https://apps.who.int/iris/handle/10665/67215

Active aging

https://apps.who.int/iris/handle/10665/67215




Structural and functional
decline with advancing age

• Declines in maximal aerobic capacity 
(V˙O2max) and skeletal muscle 
performance with advancing age are 
two examples of physiological aging

• Changing body composition is another 
hallmark of the physiological aging 
process, which has profound effects on 
health and physical function among older 
adults. 

• Specific examples include the gradual 
accumulation of body fat and its 
redistribution to central and visceral 
depots during middle age and the loss 
of muscle (sarcopenia) during middle 
and old age.

• https://pubmed.ncbi.nlm.nih.gov/19516148/

https://pubmed.ncbi.nlm.nih.gov/19516148/


• Physical activity and sedentary behavior are modifiable risk 
factors for non-communicable disease and healthy ageing

• Physical activity prevents sarcopenia, osteoporosis, falls, and 
many other conditions that hinder healthy aging.

• Physical activity improves mobility, cognition, and independent 
functioning.

• Older adults benefit from aerobic, strength, flexibility, and balance 
training.

Physical activity promotes healthy aging

https://www.sciencedirect.com/science/article/pii/S0749069020300513?via%3Dihub

https://www.sciencedirect.com/science/article/pii/S0749069020300513?via%3Dihub


Physical activity vs. inactivity vs. sedentary behavior



Terminology: what is physical activity

• Types of physical activity
• Occupational

• Leisure

• Transportation

• Daily (household)

• Physical activity has
• Intensity

• Duration

• Frequency

• Voluntary, planned

• Repetative, recovery

WHO defines physical 
activity as ‘any bodily 
movement produced 
by skeletal muscles 
that requires energy 

expenditure’.VOLUME

EXERCISE > fitness



• How to measure physical activity?
• MET=metabolic equivalent

• 1 MET = 3.5 ml/kg/min ~ 1 kcal/kg/h (energy consumption) 

ACTIVITY SPECTRUM



Classification of exercise intensity: relative 
and absolute exercise intensity for 
cardiorespiratory endurance and resistance 
exercise.

https://journals.lww.com/acsm-msse/Fulltext/2011/07000/Quantity_and_Quality_of_Exercise_for_Developing.26.aspx

https://journals.lww.com/acsm-msse/Fulltext/2011/07000/Quantity_and_Quality_of_Exercise_for_Developing.26.aspx


The other end of the spectrum:
SEDENTARY BEHAVIOR

• Sedentary behavior is 
defined as ’any waking
behavior with and energy
expenditure of no more than
1.5 METs in sitting, 
reclining or lying posture’.

• Standing (~2 METs) is 
defined as stationary, non-
sedentary activity.

• https://www.ncbi.nlm.nih.gov/
pubmed/22694051

https://www.ncbi.nlm.nih.gov/pubmed/22694051


https://www.sedentarybehaviour.org/

https://www.sedentarybehaviour.org/


https://www.ncbi.nlm.nih.gov/pubmed/27475271

Sitting kills you….

https://www.ncbi.nlm.nih.gov/pubmed/27475271


https://health.gov/our-work/nutrition-physical-activity/physical-activity-guidelines

https://health.gov/our-work/nutrition-physical-activity/physical-activity-guidelines


How much physical activity is enought?



• Worldwide, more than 1.4 billion adults do not get recommended 
levels of physical activity and are, therefore, at risk of 
developing physical inactivity-related non-communicable diseases 
(NCDs).

• The global pandemic of physical inactivity is responsible for more 
than 5 million deaths and at least $67.5 billion of economic burden 
per year.

• https://www.thelancet.com/series/physical-activity

• https://www.thelancet.com/series/physical-activity-2016

• https://pubmed.ncbi.nlm.nih.gov/31562122/

BURDEN of PHYSICAL INACTIVITY

https://www.thelancet.com/series/physical-activity
https://www.thelancet.com/series/physical-activity-2016
https://pubmed.ncbi.nlm.nih.gov/31562122/




Physical activity recommendations

• The WHO Guidelines on physical activity and sedentary 
behaviour provide evidence-based public health 
recommendations for children, adolescents, adults and older 
adults on the amount of physical activity (frequency, intensity and 
duration) required to offer significant health benefits and 
mitigate health risks. 

• For the first time, recommendations are provided on the 
associations between sedentary behaviour and health outcomes, 
as well as for subpopulations, such as pregnant and postpartum 
women, and people living with chronic conditions or disability. 

• Recommended levels of physical activity 
• for children aged 5 - 17 years
• for adults aged 18 - 64 years
• for adults aged 65 and above

https://health.gov/paguidelines/second-edition/report/

https://www.who.int/publications/i/item/9789240015128

https://health.gov/paguidelines/second-edition/report/
https://www.who.int/publications/i/item/9789240015128




https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2212267

https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2212267


How to promote physical activity among older adults?



• Older aduls are the most sedentary age group

• Barriers to physical activity may be different from younger
adults (disability, weather, fear, environment)

• Needs tailoring; personalized interventions/programs

• Social support is important, resources?

PROMOTING PHYSICAL ACTIVITY 
AMONG OLDER ADULTS



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5507305/

The interventions 

frequently incorporated 

lifestyle counselling 

and health education 

elements and typically 

took the form of a face-

to-face group/individual 

counselling or training 

session followed by a 

scheduled remote 

contact to encourage 

further involvement in PA

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5507305/


• Traditional face-to-face approaches promoting health behaviors 
are typically 

• resource intensive, 
• time-limited, 
• require participants to travel to specific locations and 
• lack appropriate techniques for monitoring daily fluctuations in health 

behaviors 

• In addition, behavior change interventions require professional 
expertise in delivering behavior change techniques (BCTs).

• Thus, there is a need for potentially scalable, low cost and less 
staff intensive interventions.

• https://www.sciencedirect.com/science/article/pii/S0531556519300877?via%3Dihub

However, ….

https://www.sciencedirect.com/science/article/pii/S0531556519300877?via%3Dihub


ADVANTAGES OF 
WEARABLES

• Individualized programs for large population

• Easy to use and well accepted, commercially available, 
expensive?

• Can be used as intervention method and for monitoring (and 
feedback)

• Include behavioral change techniques -> nudge to be active

• No face-to-face communication needed



• Behaviour change interventions to promote physical activity 
can include several behaviour change strategies and 
components—so-called behavior change techniques (BCTs).

• TAXONOMY https://pubmed.ncbi.nlm.nih.gov/23512568/

• BCT Taxonomy v1 (BCTTv1) is a cross-domain, hierarchically 
structured taxonomy of 93 distinct BCTs with labels, 
definitions and examples.

• Higher intervention effectiveness with the use of self-
regulation techniques (self-monitoring, feedback and goal
setting).

Behavioral change techniques (BCTs)

https://pubmed.ncbi.nlm.nih.gov/23512568/


Techniques
1. Goals and planning

2. Feedback and monitoring

3. Social support

4. Shaping knowledge

5. Natural consequences

6. Comparison of behavior

7. Associations

8. Repetition and substitution

9. Comparison of outcomes

10. Reward and threat

11. Regulation

12. Antecedents

13. Identity

14. Scheguled consequences

15. Self-belief

16. Covert learning



WEARABLES’ TOP 
BCTs

• Electronic activity monitor 
systems include a variety of 
evidence-based BCTs.

• Goal setting
• Feedback of behavior
• Self-monitoring of behavior
• Adding object to the

environment

• https://www.jmir.org/2014/8/e192/

• https://mhealth.jmir.org/2019/7/e12768/?ut
m_campaign=JMIR_TrendMD_0&utm_me
dium=cpc&utm_source=TrendMD

https://www.jmir.org/2014/8/e192/
https://mhealth.jmir.org/2019/7/e12768/?utm_campaign=JMIR_TrendMD_0&utm_medium=cpc&utm_source=TrendMD


Results from interventions, older adults
Stockwell et al. 2019

• Digital behavior change interventions have potential to increase 
physical activity and reduce sedentary time in older adults. 
Studies are still rather short-term.

• The meta-analyses suggest that among RCT studies, DBCI 
increased total PA (SMD = 0.28, p = 0.04), increased MVPA by 52 
min/week (SMD = 0.47, p < 0.001; MD = 52, p < 0.001) and 
reduced sedentary time by 58 per day (SMD = −0.44, p < 0.001; 
MD = −58, p < 0.001) when compared with control conditions. 

• Digital behavior change interventions may improve physical 
functioning and reduce systolic blood pressure, no change in 
weight.

• A minimum of 3 behavior change technique clusters were required 
for significant effects on physical activity

• https://www.sciencedirect.com/science/article/pii/S0531556519300877?via%3Dihub

https://www.sciencedirect.com/science/article/pii/S0531556519300877?via%3Dihub


• Interventions using contemporary mobile apps or physical activity 
trackers are effective in promoting physical activity, with a 
statistically significant effect size of public health relevance. 

• These interventions were more effective when including text-
messaging or personalisation features. 

• A major challenge with apps and trackers is their high drop-off
rate, a third of users of activity trackers abandon their device in 
the first 6 months

• These results are valuable to clinicians, who may prescribe apps 
and trackers as part of a shared decision-making process to 
individuals who seem ready to make behavioral changes.

Results from interventions, adults
Laranjo et al., 2021



https://bjsm.bmj.com/content/55/8/422.abstract

Interventions

using apps or 

trackers have small-

to-moderate effects

on physical activity 

at a mean follow-up

of 13 weeks, with 

an average 

increase of 1850 

steps per day, 

compared with 

control.

https://bjsm.bmj.com/content/55/8/422.abstract


• Utilizing a consumer-based wearable activity tracker as either the 
primary component of an intervention or as part of a broader 
physical activity intervention has the potential to increase physical 
activity participation. 

• Consumer-based wearable activity trackers can be effective on their 
own, but when combined with other behavior change techniques, 
such as telephone counseling or group-based education, the 
improvement in physical activity participation is greater.

• As the effects of physical activity interventions are often short term, 
the inclusion of a consumer-based wearable activity tracker may 
provide an effective tool to assist health professionals to provide 
ongoing monitoring and support to patients with minimal resource 
expenditure.

• https://pubmed.ncbi.nlm.nih.gov/30977740/

Results from interventions, adults
Brickwood et al. 2019

https://pubmed.ncbi.nlm.nih.gov/30977740/




• Activity trackers may be an effective technology to encourage 
physical activity among older adults, especially those who have 
never tried it. 

• Initial positive response to tracker use does not guarantee tracker 
use maintenance. 

• Maintenance depends on recognizing the long-term benefits of 
tracker use, social support, and internal motivation. 

• Nonadoption and relapse may occur because of technology's 
limitations and gaining awareness of one's physical activity 
without changing the physical activity level itself.

• https://pubmed.ncbi.nlm.nih.gov/30950807/

Acceptance and use of wearables among
older adults

https://pubmed.ncbi.nlm.nih.gov/30950807/




• There is an urgent need to promote physical activity among older
adults.

• Especially inactive older adults

• Aim is not only to increase MVPA, but also to reduce sedentary
behavior with LPA (WHO guidelines, every minute counts)

• The use of wearebles is promising yet suffers from short-term
adherence, other resourses may be needed to gain significant
results (social support, text-messages)

• New users, inactive users, person who is motivated to make a change may
benefit

• Long-term usage?, how to develop physical activity as a habit

• Changing behavior is not easy
• Motivation, skills, readiness to change

• Multidisciplinary research is needed

Take home message



Retirement and physical activity



• Physical activity (self-reported) • Sedentary time (self-reported)

Our previous findings from the
retirement transition

TOTAL

TV

https://pubmed.ncbi.nlm.nih.gov/27084334/ https://pubmed.ncbi.nlm.nih.gov/29636399/

https://pubmed.ncbi.nlm.nih.gov/27084334%20/
https://pubmed.ncbi.nlm.nih.gov/29636399/


RETIREMENT AND PHYSICAL ACTIVITY

0

10

20

30

40

50

60

0

500

1000

1500

2000

2500

3000

3500

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

M
in

/h
o
u
r

P
A

 (
V

M
)

24-h time

Men, pre-retirement

SED PA

0

10

20

30

40

50

60

0

500

1000

1500

2000

2500

3000

3500

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

M
in

/h
o
u
r

P
A

 (
V

M
)

24-h time

Men, post-retirement 

SED PA

0

10

20

30

40

50

60

0

500

1000

1500

2000

2500

3000

3500

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

M
in

/h
o
u
r

P
A

 (
V

M
)

24-h time

Women, pre-retirement

SED PA

0

10

20

30

40

50

60

0

500

1000

1500

2000

2500

3000

3500

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

M
in

/h
o
u
r

P
A

 (
V

M
)

24.h time

Women, post-retirement

SED PA

https://pubmed.ncbi.nlm.nih.gov/32150014/

https://pubmed.ncbi.nlm.nih.gov/31095675/

https://pubmed.ncbi.nlm.nih.gov/32150014/
https://pubmed.ncbi.nlm.nih.gov/31095675/


• Enhancing physical ACTivity and healthy aging among 
recent REtirees (REACT)

• To examine the efficacy of 12-month wearable technology 
based intervention on physical activity and sedentary time, 
and other health-related outcomes among recent retirees.

• REACT trial was among the first physical activity trials 
targeted to a time window immediately after retirement.

• Because, the independent effect of commercial activity
trackers on daily physical activity is not known.

REACT trial
NCT03320746



The inclusion criteria

• Statutory retirement date between January 
2016 and December 2018

• No major functional limitations 

• No current post-operative state or no known 
surgery within the next 6 months

• No malign cancer or recent myocardial 
infraction

• Basic knowledge on how to use computer

• Internet access at home

• Former public sector workers

• Mean age 65.2 years (SD 1.1), 
83% women

REACT design: flow chart Eligible (n=1474)

272 (18.5%) responded

252 were invited

231 participated

20

Intervention

n=117

Control

n=114

21



• Polar Loop 2 activity tracker, wrist-worn, waterproof

• To wear every day and preferable nights for 12 months

• Features for daily activity:
• Daily activity goal - - -- - - - - - - - - - - - - - ->
• Daily steps - - - - - - - - - - - - >
• Daily calories
• Inactivity alerts (vibration after 55 min of non-movement period)

• Activity data was uploaded at least once a week to personalized 
account to Polar’s web-based program (Polar Flow)

• If a participant frequently exceeded the daily activity goal, a higher 
goal was suggested by the researcher via e-mail.

• No further counselling or guidance on how to achieve the daily 
activity goal was given to the participants. 

• No intervention for controls.

Intervention



• Adding objects to the environment (the tracker)

• Goal Setting (behavior) (daily activity goal)

• Review behavioral goals (progression of the goal)

• Discrepancy between current behavior and goal (how much to go)

• Self-monitoring of behavior (e.g., daily steps)

• Feedback on behavior (level of attainment)

• Prompts/Cues (inactivity alerts)

• Social rewards (congratulation of the 100% attainment of the goal)

• Information about health consequences (from Polar flow program)

BCTs





Baseline 3-months 6-months 12-months

REACT design: timeline of the measurements

RZ



Results: daily physical activity patterns

https://pubmed.ncbi.nlm.nih.gov/34261997/

https://pubmed.ncbi.nlm.nih.gov/34261997/


Results: physical activity, all

https://pubmed.ncbi.nlm.nih.gov/34261997/

https://pubmed.ncbi.nlm.nih.gov/34261997/


Results: physical activity, obese

Tuominen M. et al., 2021, JPAH, accepted



Results: sedentary time, prolonged (>60 
mins)

https://pubmed.ncbi.nlm.nih.gov/33839766/

https://pubmed.ncbi.nlm.nih.gov/33839766/


Results: spatial physical activity

Pasanen S. et al., 2021, under review



Results: body composition

Leskinen T. et al., 2021, under review



Results: metabolic health

Leskinen T. et al., 2021, under review



• Short-term use up to 6 months, inactive and obese may
benefit the most

• May decrease prolonged sedentary time, replaced with LPA

• No increase in / loss of daily MVPA

• No significant health effects, MVPA needed

• The long-term use of commercial activity tracker alone is not
effective enought, more components are needed

• Goal was too easy?

• Controls’ ”wear effect” / baseline measurements

• Thematic analysis in process….

Conclusions from REACT




