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Wearable devices: underrepresentation in the ageing society
In The Lancet Digital Health, Zinzuwadia and Singh 
commented on the bias and inequity in studies that 
make use of wearable devices among the general 
population.1 We appreciate their efforts to widen the 
known issue of insufficient representation from racially 
minoritised people, to people from low-income or 
rural communities, and other populations with poorer 
access to digital literacy. However, they did not properly 
address older populations, especially those who are 
most likely to benefit from remote monitoring and 
wearable device technology—people living with age-
related cognitive decline and dementia.

Wearable devices and smartphone applications 
could help health-care professionals gain insight 
into the spectrum of dementia conditions in a real-
time, longitudinal, and more objective manner. Well 
validated devices and algorithms have the potential to 
assist in tracking cognitive and functional trajectories, 
monitoring social behaviour changes, preventing falls, 
and potentially relieving care-giver burden,2 which can 
go far beyond the cardiovascular diseases that were 
described in the Comment. However, older people are 
underrepresented in many wearable device studies, such 
as the Apple Heart Study.³ With a mean age of 41 and 
less than 6% of participants aged above 65, its initially 
claimed sensitivity in detecting atrial fibrillation dropped 
significantly in the validation study with a mean age 
of 76.⁴ The issue of underrepresented populations can 
be further complicated with under represented data (ie, 
data loss due to suboptimal acceptance or adherence to 
wearables) caused by a decline in cognitive capacity in 
people with dementia.

Despite the potential benefits of wearables (eg, 
logitudinal monitoring), a 2022 systematic review 
showed that there were few studies with wearable 
sensors and artificial intelligence-enhanced tech-
nologies in older people receiving long-term care. 
When studies included this group, older people did 
not find the wearables acceptable, due to perceptions 
that these devices were not useful or usable.2 Another 
observational study of mostly cognitively healthy older 
people found a generally high (95%) device-wearing 
adherence, but poor memory performance could 
decrease adherence to daily syncing and was therefore 
associated with data loss.5 The influence of cognitive 

function on adherence appears in our own unpublished 
study, RADAR-AD6 in people with preclinical, mild, and 
moderate Alzheimer’s disease. Participants were asked 
to wear two activity trackers for 8 weeks. Wear time 
was not associated with age or sex but decreased with 
decreasing cognition and function. Although wearables 
usually function passively and therefore pose fewer 
cognitive challenges than interactive mobile apps, 
adherence might still be hampered by more complex 
study protocols and cognitive challenges. Prospective 
memory challenges that we observed included 
remembering to press a button at a predefined time, to 
charge a device before use,7 and to change the wearable 
device (appendix). Unpublished data from another 
study recruiting older care-home participants living with 
moderate to severe Alzheimer’s disease (the STAND trial; 
ISRCTN97163562), which used an actigraphy watch to 
explore behavioural symptoms, reports similar findings. 
The overall adherence was 88% during the 4-week trial, 
with carers reminding participants to wear the watch 
continuously. A sex difference was noted in this study, 
with an adherence of 75·5% for female residents and 
96·4% for male residents in the first 2 weeks, which 
then improved to 82·6% and 97·4% respectively, in 
the last 2 weeks (unpublished; appendix). Some carers 
reported in their feedback that low adherence might 
have been influenced by the appearance and design 
of the device, particularly for female residents, but this 
could still be improved when they provided reassurance 
and reminders.

One of the two studies had a very small sample size 
(STAND n=29; RADAR-AD n=175) and therefore any 
inference should be made with caution. However, 
adequate reporting, exploring, and dealing with non-
adherence or non-acceptance is both crucial and 
challenging in dementia research with wearable devices. 
A systematic review found many studies have potential 
bias due to missing data and bias in selection of the 
reported result.2 Another systematic review summarised 
multiple barriers to adherence, including the severity 
of cognitive symptoms. These studies require tailored 
strategies to encourage people to wear the devices and 
secure their continuous use.8 If adherence is affected 
by clinical characteristics such as cognitive capacity, 
high compliance data could be seen as having low 
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representative value, making the clinical validity and 
generalisability questionable. Non-adherence related 
data loss and systematic links between missing data 
and unobserved data, should not be neglected and 
cannot be tackled solely with advanced imputations 
by data scientists. Dementia researchers should  report 
the adherence data to reduce bias and assist in finding 
solutions.

There is a myth that older people are unable to 
participate in digital studies due to a lack of digital 
competence. However, there is ample evidence that 
the participation has rapidly increased for this age 
group, especially during the COVID-19 pandemic. 
Large-scale sensor-based studies started to include 
older populations,9 and our ongoing longitudinal 
online study also suggests that tele-research is feasible 
with older adults from Black, Asian, and minority 
ethnic communities.10 Thordardottir and colleagues 
emphasised the need to reduce ageism in digital 
research and the importance of addressing the specific 
needs of older people with dementia. Key topics 
determining adherence and feasibility include perceived 
benefit, patient-centred design of the wearables, 
technical demand, and encouragement and assistance 
from carers.8 Our feedback from carers suggests that 
adherence could be further improved with additional 
cognitive aids (eg, detailed documentation of study 
procedures and user manuals) and allowing enough 
time to build up wearing routines.

With global ageing, the number of people living with 
dementia worldwide is projected to exceed 150 million 
by 2050.11 These individuals are at high risk for many 
symptoms that studies with wearable devices attempt 
to monitor. Acquiring sufficient representative data 
is the only way to reflect real-world scenarios and 
develop solutions accordingly. Achieving adequate 
representation from this population requires health-
care professionals and the wider community to embrace 
the fact that, given age-appropriate conditions, older 
participants can be both willing to use and proficient 
with wearable devices. Once studies have sufficient 
representation of participants from different stages of 
dementia, the knowledge to optimise adherence and 

strategies to minimise missing data can then be further 
improved with quantitative and qualitative information 
from both participants and carers. This insight will 
ultimately make remote monitoring and wearable device 
technology truly feasible and beneficial for older people. 
We declare no competing interests.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an Open 
Access article under the CC BY-NC-ND 4.0 license.

*Ta-Wei Guu, Marijn Muurling, Zunera Khan, 
Chris Kalafatis, Dag Aarsland, Dominic ffytche, 
Anna-Katharine Brem
ta-wei.guu@kcl.ac.uk

Department of Old Age Psychiatry, Institute of Psychiatry, Psychology, and 
Neuroscience, King’s College London, UK (T-WG, ZK, CK, DA, Df, A-KB); Division 
of Psychiatry, Departments of Internal Medicine, China Medical University 
Beigang Hospital, Yunlin, Taiwan (T-WG); Sleep Medicine Center and Mind-Body 
Interface Laboratory, China Medical University Hospital, Taichung, Taiwan 
(T-WG); Alzheimer Center Amsterdam, Neurology, Vrije Universiteit Amsterdam, 
Amsterdam UMC, Amsterdam, Netherlands (MM); Neurodegeneration, 
Amsterdam Neuroscience, Amsterdam, Netherlands (MM); Centre for Age-
Related Medicine, Stavanger University Hospital, Stavanger, Norway (DA); 
National Institute for Health Research, Maudsley Biomedical Research Centre, 
South London and Maudsley NHS Foundation Trust, UK (DA, Df); University 
Hospital of Old Age Psychiatry, University of Bern, Bern, Switzerland (A-KB)

1 Zinzuwadia A, Singh JP. Wearable devices-addressing bias and inequity. 
Lancet Digit Health 2022; 4: e856–57.

2 Loveys K, Prina M, Axford C, et al. Artificial intelligence for older people 
receiving long-term care: a systematic review of acceptability and 
effectiveness studies. Lancet Healthy Longev 2022; 3: e286–97.

3 Perez MV, Mahaffey KW, Hedlin H, et al. Large-scale assessment of a 
smartwatch to identify atrial fibrillation. N Engl J Med 2019; 381: 1909–17.

4 Ford C, Xie CX, Low A, et al. Comparison of 2 smart watch algorithms for 
detection of atrial fibrillation and the benefit of clinician interpretation: 
SMART WARS study. JACC Clin Electrophysiol 2022; 8: 782–91.

5 Paolillo EW, Lee SY, VandeBunte A, et al. Wearable use in an observational 
study among older adults: adherence, feasibility, and effects of 
clinicodemographic factors. Front Digit Health 2022; 4: 884208.

6 Muurling M, de Boer C, Kozak R, et al. Remote monitoring technologies in 
Alzheimer’s disease: design of the RADAR-AD study. Alzheimers Res Ther 
2021; 13: 89.

7 Chen JH, Lauderdale DS. Cognitive function, consent for participation, and 
compliance with wearable device protocols in older adults. 
J Gerontol A Biol Sci Med Sci 2019; 74: 269–73.

8 Thordardottir B, Malmgren Fänge A, Lethin C, Rodriguez Gatta D, Chiatti C. 
Acceptance and use of innovative assistive technologies among people 
with cognitive impairment and their caregivers: a systematic review. 
BioMed Res Int 2019; 2019: 9196729.

9 Radin JM, Quer G, Pandit JA, et al. Sensor-based surveillance for digitising 
real-time COVID-19 tracking in the USA (DETECT): a multivariable, 
population-based, modelling study. Lancet Digit Health 2022; 4: e777–86.

10 Khan Z, Israel-McLeish K, Ballard C, et al. Levels of loneliness and mental 
health in older adults across ethnic groups during the COVID-19 pandemic 
in the UK. J Am Med Dir Assoc 2023; published online March 13. https://doi.
org/10.1016/j.jamda.2023.03.002.

11 Nichols E, Steinmetz JD, Vollset SE, et al. Estimation of the global 
prevalence of dementia in 2019 and forecasted prevalence in 2050: 
an analysis for the Global Burden of Disease Study 2019. 
Lancet Public Health 2022; 7: e105–25.


	Wearable devices: underrepresentation in the ageing society
	References


