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Abstract
More and more people in the industrialised world use 
wearables and smartphones to monitor their health and fitness. 
These devices are often used in combination with special apps 
to monitor and document daily activities and sleep.  It would 
appear to be a logical step to assess the relevance of these 
devices in drug development trials.  In contrast to the consumer 
devices, the technology used in clinical trials needs to be 
validated and compliant with the relevant regulations. 
Even under these complex requirements, wearables offer a 
number of new opportunities to objectively capture clinically 
relevant outcome measures –potentially with lower burden 
for patients and site staff.  As an example, we describe the 
use in Alzheimer’s disease drug development studies.  This 
is an indication where there have been a number of failures, 
in part due to the difficulties this patient population has in 
reliably completing existing tools.   In addition rater scales add 
complexity due to inter- and intra-rater variability.
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Background 

The term “wearables” is now ubiquitous and has 
generated a growing interest in the potential 
of these devices in drug development trials.   

Not widely known is that wearables have been used in 
research to study sleep and activity patterns since the 
1970s and gained general acceptance as a diagnostic 
tool in clinical research into sleep with the publication 
of the American Academy of Sleep Medicine Practice 
Parameters in 2007 (1). Wearables are an accepted 
methodology for tracking activity levels, time spent in 
moderate and vigorous physical activity (MVPA), and 
has been used to capture steps and energy expenditure 
in large community-based studies (2).  An analysis of the 
main clinical trial registries has shown that wearables 
have been used to generate objective sleep and activity 
data in drug development trials for over 20 years (3).      

The majority of those trials have used the term 

“actigraphy,” a term not well known outside of sleep, 
activity and circadian rhythm research.  Sleep and activity 
levels have been shown to have clinical significance in the 
treatment and management of patients suffering from 
Alzheimer’s disease (AD) (4). Traditionally, in-clinic 
tests such as overnight polysomnography (PSG) and 
clinical outcomes assessments (COA) have been used to 
collect sleep and activity levels.  However, these tools 
can be difficult to administer in AD patients. The use of 
actigraphy derived sleep and activity data  gathered in 
real world non-clinical situations, such as the patient’s 
home  or residential care setting, has the potential to 
offer an alternative means of collecting data that is 
independent of patient or carer  recall (5). In addition, 
actigraphy addresses artefacts such as first-night effects 
and other AD patient-related issues that can make it 
difficult to perform polysomnography in the sleep 
laboratory (6).  

While questions remain around the clinical value of 
actigraphy and while the logistics of integration into drug 
development clinical trials can be challenging, there is 
now a significant body of research   supporting the use of 
actigraphy to generate clinically relevant endpoints. This 
has been shown by the corpus of 200 articles evaluated 
for scientific merit in the Ancoli Israel et al review article 
(6). 

What is actigraphy?

Actigraphy is the study of sleep and activity using 
gross motor movements generated by accelerometers.  
These accelerometers are generally wrist worn and can 
be used for long periods of time; some can be worn for 
up to 6 months. The activity data generated by these 
devices is compressed, filtered and analysed using 
algorithms to generate sleep and activity endpoints. 
The validity of the technology in the diagnosis of sleep 
disorders has gained general acceptance with the release 
of the American Academy of Sleep Medicine (AASM) 
practice parameters update (1).  Accelerometers have 
also been used in physical activity monitors to measure 
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and define physical activity levels. These have been used 
in large community based studies such as the Centre for 
Disease Control (CDC), National Health and Nutrition 
Examination Survey (NHANES) (7) to determine activity 
levels required for sustained healthy lifestyles.  

 
The relationship between sleep, activity, 
cognition and Alzheimer’s disease

The greatest utility in AD drug development trials 
arises from the ability to generate objective measures of 
sleep and activity levels in non-clinical settings, as shown 
by Singer et al when they used actigraphy to gather sleep 
data in private homes and long-term care facilities in a 
randomized, double blind, placebo-controlled study (8).  

The amount of sleep disruption in AD patients usually 
depends on the stage of their disease.  Ju et al (9), in their 
cross-sectional study, used actigraphy to measure both 
sleep quality and quantity and showed a differential 
association between amyloid deposition in the preclinical 
stage of AD and sleep quality and quantity.  

Changes in circadian rhythms have been regarded as 
a later consequence of the neurodegenerative disease. 
However, recent studies have shown that circadian 
disruption may occur much earlier and may even precede 
the development of cognitive symptoms (10). More 
recently, the da Silva review examined sleeps problems 
in the context of mild cognitive impairment (MCI) 
and concluded that sleep disturbance is prevalent and 
predictive of cognitive decline in older people and in 
those with neurodegenerative disorders (11).

Spira et al (12), in a cross-section study, found that 
shorter sleep duration and poor sleep quality was 
associated with greater beta amyloid burden. Virta et 
al (13), in a follow up study of a Finnish twin cohort, 
looked at the relationship between beta amyloid and 
sleep, assessing the sleep characteristics of over 2,000 
middle aged twins. The team concluded that while 
further studies are needed, sleep-related characteristics 
may emerge as new risk factors for cognitive impairment.

Value of actigraphy in capturing objective 
sleep data  

PSG is the gold standard for assessing sleep. However, 
it can be problematic for a cognitively impaired patient 
to stay in the unknown environment of a sleep lab. The 
“first night effect” can mean that the data produced 
are not a true reflection of the sleep patterns in the 
home environment. Actigraphy has several advantages 
for patients who are incapable of reliably completing 
questionnaires or sleep diaries because of cognitive 
limitations and variability due to inter- and intra-rater 
variance5, and where laboratory testing is unsuitable (1). 

The use of actigraphy in AD drug development 
trials is supported by significant scientific evidence. A 

search of ResearchGate revealed over 47 articles with an 
association between AD and actigraphy. The Camagaros 
et al (14) review identified 37 individual clinical studies 
where well-established and validated sleep endpoints 
were used as either primary or secondary outcome 
measures. In addition to utilising the well-validated 
sleep and activity endpoint, there is a case to argue that 
today we may not be extracting all of the value from 
this data source.  There is potential to identify new and 
exploratory endpoints with clinical relevance in specific 
populations using actigraphy data.  Exploratory work in 
other theraputic areas such as pain, autism and COPD  
has identified endpoints that have value in subtyping 
patients who show differential responses to therapy 
(autism)15or who show increased sensivity (pain) (16) 
or who are at risk of exacerbation (COPD) (17). While it 
is not feasible to compare one patient population with 
another, and the current research is limited, activity and 
sleep patterns can provide signficant insight into patients 
and their theraputic response with very little patient 
burden.   

Physical activity  

There is considerable interest in investigating the 
link between physical activity and AD. A search in 
ResearchGate for “Alzheimer’s Disease and Physical 
Activity” returned over 100 publications.    A sedentary 
lifestyle or the absence of physical activity has been 
identified by some as a risk factor for AD 4.   

Data from multicentre prospective population cohort 
studies in Canada18 and Sweden 19 have suggested that 
physical activity may reduce the risk or delay the onset of 
dementia or AD.   

A number of studies support this association (20), 
including the Lautenschlager et al (21) randomised 
controlled trial, which concluded that subjects  following 
a 6-month program of physical activity demonstrated 
a modest improvement in cognition over an 18-month  
follow up period. In addition, it has been suggested that 
physical activity has an impact on improved cognitive 
function (22) and the progression of AD (23). The link 
between activity levels and improved cognitive function 
is not conclusively proven, with some recent review 
articles failing to identify a link; the most recent Cochrane 
Review failed to find a causal link among the articles 
considered (24). However the review did reference 4 
other meta-analyses and one systematic review where a 
positive link was established between physical activity 
and cognition.

One of the difficulties when comparing studies where 
physical activity or exercise is an outcome measure 
is lack of standards. A variety of methodologies and 
terminology are used to describe and measure 
physical activity and exercise, such as sedentary bouts, 
MVPA, steps, metabolic equivalent of task, energy 
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expenditure, active energy expenditure, activity counts, 
cardiorespiratory activity, maximum volume of oxygen 
and anaerobic exercise.  This multitudinous approach 
makes it very difficult to compare studies and assess the 
outcome measures.  

These studies suggest that activity level in this patient 
population is a variable that should be measured, 
monitored and controlled.

A standardisation of approaches would greatly assist 
future meta-analyses and reviews and provide much 
needed clarity.   

Current clincial trials practice 

While the use of actigraphy in drug development 
clinical trials is not without precedence, very few AD 
drug development trials utilise wearables to generate 
sleep and activity endpoints.   In order to assess the usage 
of “wearables” in drug devolpment trials, an analysis 
of the FDA’s clincial trial registry was carried out.  A 
serach of Clinicaltrials.gov on the 9th of November 2015 
generated  a list 702 industry-sponsored trials. Of these, 
18 trials had “sleep” as an outcome measure, and 170 had  
“physical activity” as an outcome measure.  

From the 170 studies that included physical activity 
as an outcome measure, trials such as those looking at 
molecular or brain activity were not included in the 
analysis. The remaining 151 studies used an array of 
questionnaires to monitor subject activities. The sole 
reliance on questionnaires was somewhat surprising 
due to the difficulties associated with this population.   
The use of wearables could have provided additional 
objective data around changes in the patients’ activity 
levels, including changes to sedentary behaviour, 
time spent in physical activity, and the intensity of 
the activity or overall activity level. The combination 
of questionnaires and devices has the potential 
to authenticate the active periods detailed in the 
questionnaire and could potentially allow the studies 
to generate data that are objective and subject to less 
variability.  

The 18 studies with sleep as an outcome measure used 
a combination of questionnaires, including the Pittsburgh 
Sleep Quality Index, Epworth Sleepiness Scale and 
Medical Outcomes Study - Sleep Scale, and laboratory 
measures such as PSG and EEG to measure changes to 
sleep pattern and architecture. Of these 18 studies, 4 used 
actigraphy to record sleep quality and quantity in both 
phase 2 and 4 studies

Conclusions 

Sleep quality and quantity have clinical relevance in 
AD. Validated low-patient-burden technology that can 
objectively measure sleep and activity patterns and is not 
subject to patient recall bias is available. This technology 
can be used in the patient´s home outside of the clinical 

setting and has been validated for use in AD patients.  
This technology is currently used in clinical and academic 
research, but it is not used to any great extent in drug 
development trials, where the utilisation of these devices 
could help simplify and standardise the collection of 
objective, clinically relevant endpoints. 

The objective measurement of physical activity does 
not appear to be seen as a clinically relevant endpoint 
in AD drug development trials. To date, the evaluation 
of the activity levels of AD subjects has been restricted 
to assessment by questionnaires, collating data around 
specific activities such as time spent at shopping, 
food preparation, etc.  However, absolute changes in 
activity or sedentary behaviour over the course of a trial, 
is not currently being assessed. There is still scientific 
debate around the impact physical activity has on AD, 
fuelled to some extent by the lack of standards both in 
the terminology and the methodology used to measure 
activity levels. This has impeded comprehensive meta-
analysis. The adoption of simple objective measures of 
activity levels would assist in providing insight into the 
real impact and link between activity and AD. Given 
the potential clinical impact of activity in this patient 
population, controlling and measuring this variable 
should be considered.

Actigraphy is a valuable tool to objectively define 
patient populations in terms of their sleep and activity 
patterns.  These devices have low patient and site burden 
and have the ability to generate data 24 hours a day for 
long periods of time in a real world, nonclinical setting, 
suppositionally converting daily physical activities into 
a digital signal. This technology has the potential to 
simplify and standardise the collection of objective, 
clinically relevant endpoints generated in real world 
nonclinical settings. These data used in combination with 
other physiological data could be used to generate new 
digital biomarkers that have the potential to make a real 
difference in AD drug development trials. Significant 
additional research is required to generate and validate 
new biomarkers, and as a first step, the adoption of a 
standardised approach to the collection and capture of 
sleep and activity data would greatly assist this process.
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