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Introduction Results (cont.)

Methods

Objective

yy To identify and summarize real-world evidence on the use of digital 
technologies in recent research on AD 

yy An estimated 47 million people worldwide were living with dementia in 2015. This 
prevalence is predicted to reach 76 million in 2030,1 by which time the cost of caring for 
such individuals is estimated to reach $2 trillion (US dollars).2 Alzheimer’s disease (AD) 
is the most common type of dementia, and therefore presents a major humanistic and 
economic burden.

yy There are no effective treatments to delay the onset or slow the progression of AD, and 
currently available therapies offer only moderate symptomatic relief.3 

yy There is increasing interest in the use of digital technologies, such as mobile/wearable 
devices and unobtrusive sensors, to collect data on subtle functional changes known, or 
suspected, to precede clinical onset of dementia.

yy By providing such information, digital technologies could not only facilitate recognition 
of early signs of AD, but also improve recruitment and retention in clinical trials that 
are investigating disease-modifying treatments. Additionally, this could improve clinical 
outcomes and daily activities for individuals living with AD. 

yy Against this background, we aimed to review recently published real-world evidence to 
identify any trends in the use of digital technologies in AD research.

yy A systematic literature review (SLR) was conducted according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.4

yy Searches were run in MEDLINE and Embase to capture articles published in English 
during the previous five years (1 January 2014 to 29 May 2019).

yy To be included, studies had to be of observational design and report on digital technologies 
(e.g., mobile/wearable devices, sensors) being used to make objective measurements of 
outcomes (e.g., gait, sleep, physical activity) in patients with mild cognitive impairment 
(MCI), AD, or dementia.

yy Abstract and full-text screening was undertaken independently by two reviewers, with 
any disagreement between them resolved by a third reviewer.

yy For included studies, data on the type of digital technology used, outcomes measured, 
and study design were extracted into a pre-designed form and then summarized 
qualitatively.

Abbreviation: GPS = Global Positioning System

Table 1.	 Outcomes in MCI, AD, and Dementia Populations 
Outcome MCI AD MCI and AD Dementia*

Gait 3 2 2 1

Physical activity 1 1 1 5

Sleep - 2 2 1

Out-of-home mobility - 1 2 -

Driving 1 1 - -

Computer use 3 - - -

Abbreviations: AD = Alzheimer’s disease, MCI = mild cognitive impairment 
*Patients reported to have dementia without further details provided

Conclusions
yy While the use of digital technologies in AD research remains exploratory, this 
SLR highlights their potential use to:

——Help the early detection of those at risk of developing AD
——Discriminate between individuals at different stages of the disease
——Provide key information on daily activities of those living with the disease

yy Gait has been the most active area of research and is emerging as a potential 
diagnostic tool for cognitive decline. Preliminary evidence also suggests 
measures of driving, computer use, and out-of-home mobility might provide 
ecologically valid measures of subtle functional changes early in the disease 
process.

yy Further research is needed to validate digital technologies as potential early 
markers of real-world functional changes in AD and to integrate them as 
recruitment tools and outcomes in clinical trials. 

yy As research continues, the opportunity for timely and economical data 
collection with digital technologies will need to be balanced against legal, 
data-privacy, and regulatory considerations. 

yy The database searches yielded 532 unique records, of which 29 reported on the use 
of digital technologies to measure outcomes objectively in individuals with MCI, AD, or 
dementia.

yy The digital technologies identified included wrist-worn actigraphs (n=11 studies), 
accelerometers (n=8), Global Positional System (GPS) tracking devices (n=3), smartphones 
(n=3), remote computer monitoring (n=3), and body-worn motion-capture sensors (n=1; 
Figure 1).
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yy The different digital technologies collected data on gait (n=8), physical activity (n=8), 
sleep patterns (n=5), out-of-home mobility (n=3), computer use (n=3), and driving (n=2; 
Figure 2).

Figure 2.	 Results of Measuring Outcomes and Their Potential Impact 

Abbreviations: AD = Alzheimer’s disease; GPS = Global Positioning System; MCI = mild cognitive impairment; MRI = 
magnetic resonance imaging; PET = positron emission tomography; TST = total sleep time

Figure 1.	 Digital Technologies 
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Type of technology

Actigraph Accelerometer GPS tracking device Smartphone Computer monitoring Body-worn sensor

yy Twenty-two studies were cross-sectional and seven were longitudinal. Sample sizes 
ranged from 11 to 810 patients.

yy Eight studies reported on outcomes in individuals with MCI, seven studies reported on 
individuals with AD, seven reported on both patient groups (MCI and AD), and seven 
reported on patients with dementia (not further defined) (Table 1). 
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Outcomes

Gait Physical activity Sleep Out-of-home mobility Computer use Driving

Actigraph
Non-invasive monitoring unit measuring 
gross motor activity, which can be used to 
assess sleep-wake cycles or physical activity 
patterns

Accelerometer
Non-invasive electromechanical device used 
to measure acceleration forces and derive 
gait parameters (e.g., gait speed, step length)

Global Positioning System (GPS)
A navigation system that uses radio waves 
between satellites and a receiver (e.g., 
smartphone) to provide location and time 
information. Global mobility and driving 
patterns can be measured with GPS.

Remote computer monitoring
Software that captures and records 
computer activities for viewing from a 
remote location

Body-worn motion-capture sensors
A system of sensors worn on the joints that 
allows gait analysis by measuring the 
positions or angles between the sensors 

Smartphone
Multi-purpose mobile computing device, 
which typically includes various sensors such 
as accelerometers and supports wireless 
communication via Bluetooth, Wi-Fi, and 
satellite navigation


