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Abstract
The report explores the potential digital technology has to 
generate novel endpoints and digital biomarkers for 
Alzheimer’s disease drug development studies.  Drawing from 
literature and novel pilots, we explore the value of innovative 
digital technology to digitize physiological behaviours such as 
sleep disturbance and gait changes. Technology now exists to 
monitor and quantify our use and interaction with electronics 
in the home, the use of social platforms and smart-phones, 
geolocation, sleep and activity patterns. These multimodal 
digital data are a feasible alternative to capturing the more 
complex activities of daily living that require higher cognitive 
processes and are a sensitive predictor of disease.  The 
combination of biosensors and the internet of things (IoT), 
offers the potential to collect highly relevant, objective data 
in a continuous, passive and low burden manner.  Digital 
endpoints and biomarkers could have value in the diagnosis, 
monitoring and development of therapies for patients living 
with Alzheimer’s disease. 
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What is the Problem?

There have been no new Alzheimer’s disease 
drug therapies on the market in over a decade.  
Alzheimer’s disease is a complex multifactorial 

disease and there are many reasons proposed for this 
stasis, including limited validated drug targets, lack of 
reliable surrogate biomarkers, slow and variable disease 
progression, and the dependency on soft endpoints 
(1). The limited sensitivity of existing tools to detect 
and monitor Alzheimer’s disease is compounded 
by the narrow set of outcomes (2). These limitations 
become even more impactful in trials of disease-
modifying therapies;  current measures of cognition are 
not sensitive in individuals with very early stages of 
the disease (3) and profoundly affect the value of these 
assessments in studies where subjects with no or minimal 
symptomatology are followed for several years before 
they may reach a pre-defined outcomes.  

The Solution?

In its most recent, draft Guidance the Food and Drug 
Administration (FDA) (4) accepts that cognition, in its 
entirety, encompassing all its constituent processes 
and domains, is meaningful in terms of daily function. 
However, it caveats this with the following statement 
that reinforces the dilemma facing the industry: 
“when measured using conventional approaches 
with sensitive tools directed at particular cognitive 
domains, the meaningfulness of measured changes may 
not be apparent.” This still leads to a certain need for 
co-primary endpoints where cognitive change needs to 
be accompanied by a benefit reflected by an  independent 
endpoint assessing daily function, operationalized as 
“Activities of Daily Living” (ADL).  The more complex 
activities linked to independent living are assessed by 
Instrumental Activities of Daily Living (IADLs) and 
include items such as housework, communication using 
computer and telephone, food preparation etc.   There is 
a growing body of evidence that subtle deficits in IADL, 
particularly those that are performance based, are more 
sensitive to early cognitive decline and may be present in 
mild cognitive impairment (MCI) (5, 6). 

Smart Home Technology 

Smart home technology is readily available, combining 
sensors and connected devices that monitor and control 
the use of appliances in the home (7).  These systems are 
a network of connected technologies that can monitor a 
number of activities in the home including; the opening 
and closing of doors, movement in specific locations, heat 
and light and the presence or absence of an individual.  
In a short pilot, we combined smart home data (Table 1) 
with actigraphy data to explore the potential to generate 
insights more usually collected by questionnaires 
(8).    Connected home systems are already utilized by 
health agencies to support older adults living in the 
community (9) as part of healthy aging programs for 
safety and health monitoring (10).  There are significant 
possibilities for their use in drug development studies by 
providing continuous data to generate novel endpoints 
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that have the potential to be more sensitive to change 
than existing methodologies.   Digital technologies could 
benefit Alzheimer’s disease research by generating a 
more patient centric assessment by removing domains 
from questionnaires better captured by passive digital 
technologies (Table 1).  These new multi-modal 
assessments could facilitate the capture of complex 
digital IADL’s, such as the ability to use a smartphone, 
conduct online banking, social media interaction etc.    
New composite digital endpoints could emerge by 
mapping the discordance between subjective data of the 
individual’s perceived behaviour and their objective data 
as gathered by sensors.  Finally the high number of data 
points reduces the bias from rare samples during the pre-
scheduled on site study visits, what should increase the 
robustness and reliability of the data, ultimately leading 
to less data variability (11).  

Gait 

There is growing interest in gait change as a marker 
for cognitive decline.  Reports of gait disturbances have 
been found to precede dementia by more than 5 years (12, 
13). While the use of wrist or ankle worn physical activity 
monitors (PAM)  to collect steps and gait cadence is well 
established, assessing spatiotemporal gait is not a simple 
process and is limited to specialist clinics equipped 
with electronic walkways.  This significantly affects the 
utility of this approach in clinical trials due to the limited 
number of sites available for gait assessments. 

New technology such as smart-insoles is emerging.  
In a recent pilot, we used smart insoles to quantify gait 
speed and stride variability (14) in a non-clinical setting.  
The potential value of smart-insoles is in the portability 
of the technology, enabling their use outside of specialist 
gait clinics and thereby monitoring gait change in the 
individual’s home or residential care setting. This has 
the potential to capture more nuanced assessment of 
gait change, including balance, inter-gait variability and 
even stance. These devices generate vast quantities of 
data leading to the possibility of using machine learning 
to identify new clinical sensitive signals within the data 
set.  However it was outside the scope of our pilot study 
to determine the minimal clinically important differences 
(MCID) for cognitive decline.  In addition, it should be 
noted that factors such as footwear and data transfer 

could impact the operationalization of these devices in a 
clinical trial.  

The static report shows pressure distribution, single pressure values and total 
forces for the single sensors embedded in the insoles when a healthy volunteer 
engaged in different patterns of walking.

Smart Phones and Smart watch

The smartphone and smartwatch are emerging as 
significant digital tool for the collection of disease specific 
biomarkers and endpoints for Alzheimer’s disease.   
Smartphone are widely available and have an array of 
inbuilt technology including accelerometers, gyroscopes, 
magnetometers, global positioning system (GPS), 
proximity sensors, ambient light sensors, microphones, 
cameras, touch-screen sensors.  These sensors facilitate 
the capture a multitude of data including; activity, 
cadence, speech, tremor and location.   Smartphones 
can facilitate the ready deployment of a growing array 
of applications (apps) and can be to deploy cognitive 
assessments and gamification. Used outside of the clinic 
as screening tools, frequent burst cognitive assessments 
have the potential to make results more reliable and can 
potentially offer a means of continuous longitudinal 
monitoring. Changes in language and voice are being 
evaluated as predicators of disease progression (15, 16) 
with the goal to develop smartphone apps that could be 
used to for this purpose.  

Smartwatches are evolving from simple actigraphy 
devices that measure sleep and activity to biosensors 
that that contain an array of sensors including 
photoplethysmography (PPG) and electrodermal 
activity (EDA) sensors.   These biosensors can generate 

Figure 1. The smart insoles generate data from 13 
embedded tri-axial accelerometers each capable of 
generating 100hertz data

Table 1. Objective Sensor data and related ADL question (7)
Device/Sensor End Point Example of ADL questions

Smart Plug Switching on and off electrical device Did subject use a household appliance to do chores?

Motion Sensor Movement in the house. (Out of Bed- Specific rooms) Did the subject move in or outside the house?

Presence Sensor Proximity to house Did subject get around (or travel) outside of his/her home?

Multipurpose Sensor Entering and leaving house Did subject get around (or travel) outside of his/her home?

Actigraphy Device Number of Steps Activity (inside/outside of Home)
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a myriad of endpoints including sleep disturbance, 
activity, heart rate, respiration rate, oxygen saturation 
and galvanic skin response.  These biosensors could 
have particular utility in the ongoing research into the 
influence of cardiovascular factors on the development 
and progression of AD (17). It is entirely feasible that 
biosensors capable of continuously monitoring 
cardiovascular and respiratory signals could play an 
increasingly significant role as low burden tools to 
generate new targets for treatment and prevention of AD.  

What does the future look like

Clinical development programs for Alzheimer’s 
disease are becoming larger and longer; the sustainability 
of existing methodologies and study designs is 
questionable.  There is growing interest in the use of 
digital technology and exploring the transformative 
potential of these technologies as a means of providing 
additional insights (18). 

The value of actigraphy devices in the study of 
this population has been previously discussed (19) 
and this report focuses on primarily on two areas gait 
assessment and IADL where digital technology could 
have a significant impact on patient centric trial design 
and the generation of new digital endpoints.    There is 
significant potential for the use of connected devices and 
IoT, particularly for disease-outcome driven prevention 
studies.  These sensors are gaining acceptance by health 
care systems as a means of keeping older adults in the 
community.  They are relatively easy to install and can 
passively capture individuals’ behaviour as they go about 
their normal activities of daily living.  These use cases 
are ensuring that the systems are becoming more robust 
in terms of connectivity and compliant in terms of data 
privacy and security and more robust for the generation 
of data for use in clinical trials.  

There is potential value in combining data from 
multimodal digital devices and developing composite 
end-points that are more responsive to change then 
viewing each dataset as a singularity.   Advanced analytic 
platforms that use artificial intelligence and machine 
learning are available that can ingest data from multiple 
sources including; sensors, smartphone, smart-home, 
environmental, geolocation, voice and questionnaires, 
generating insights into behavioural changes and 
cognitive decline. The correlation of these data with 
clinical observations and laboratory biomarkers could 
help characterise the populations, monitor progression 
over time and assess the efficacy of interventions.   

What more needs to be done

As with any new outcome assessment, digital 
endpoints need to be clinically validated. The technology 
is required to measure endpoints that are both 

meaningful to the patient and clinically relevant.  The 
data generated by the digital assessment needs to capture 
the concept of interest that reflects the meaningful 
health aspect for individuals living with Alzheimer’s 
disease. In addition, the data generated needs to measure 
meaningful change that is consistent across specific 
populations.  The same scientific rigor and data quality 
criteria are required whether considering digital or 
traditional methodologies. The digital technology need 
verification and validation to ensure there is sufficient 
scientific evidence to support its use in a specific study 
(20). Data privacy, security and storage need to align with 
local regulations.   The potential of Digital Biomarkers 
and endpoints is immense, however, if a digital strategy 
is to be successful, the inclusion of a conscious patient 
centric approach including strategies to quantify and 
reduce patient burden and ensure patient engagement is 
essential.  
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