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Introduction

Digital health technologies (DHTs) are improving the way we prevent, diagnose and treat 
neurological disorders. There are apps, wearable devices, tools and platforms that measure 
disease symptoms and progression, inform treatment decision-making and facilitate remote 
care. When it comes to evaluating the progression of Parkinson’s Disease (PD), wearables and 
other sensors may be able to detect more nuanced changes in a patient’s condition—with 
greater objectivity and precision—than standard clinician-administered assessments. 

DHTs can measure some of the improvements offered by symptomatic therapies and have 
the potential to one day measure the efficacy of disease modifying therapies (DMTs) for PD in 
clinical development. Thus far, however, no DHT has been qualified by regulators for use as a 
primary endpoint in PD trials, although many collaborative efforts by various stakeholders 
are geared toward that end. In the meantime, sponsors with DMTs in development for PD 
should consider using the latest DHTs as secondary or exploratory endpoints. The following 
pages explain what is involved in qualifying DHTs and how they can best be used in PD 
development programs.
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DHTs in Parkinson’s Disease Trials

The “gold standard” primary endpoint in PD trials today 
is a scale completed in part by clinicians and in part by 
patients/caregivers: the Movement Disorder Society-
Sponsored Revision of the Unified Parkinson’s Disease 
Rating Scale (MDS-UPDRS). This assessment and its 
predecessor, the UPDRS, have been in use for 35 years. 
However, they are limited in their ability to measure the 
motor symptoms of patients in the early stages of PD 
and to register clinical change in a disease that 
progresses very slowly. This hinders researchers in 
demonstrating the efficacy of DMTs and leads to longer 
and more expensive trials. This lack of a sufficiently 
sensitive measure of disease progression may be a 
contributing factor in the absence of any DMT approval 
to date. 

DHTs may eventually be the answer, as they’ve been 
established as a robust measure of several motor 
symptoms of PD, including the cardinal symptoms of 
tremor, bradykinesia and gait dysfunction (Table 1). 
Studies suggest that many digital technologies match  

or outperform standard assessments such as the 
MDS-UPDRS, given that they often register higher 
sensitivity and offer objective and continuous 
monitoring of PD symptoms. In fact, “recent research 
has demonstrated the ability for digital technology to 
discriminate between individuals with and without PD, 
identify those at high risk for PD, quantify specific motor 
features, predict clinical events in PD, inform clinical 
management and generate novel insights.”

As of this writing, regulatory agencies have not yet 
recognized DHTs as a valid replacement for the MDS-
UPDRS as a primary endpoint, although much work has 
already been done to validate a number of DHTs that 
measure PD symptoms. They are appropriate for use as 
secondary and exploratory endpoints, and the number 
of PD trials incorporating them is rising. We expect DHTs 
will become accepted measures of endpoints in 
movement disorders such as PD in the future; however, 
significant work is needed for their acceptance as 
primary endpoints.

Table 1: Assessments for Common PD Symptoms 

Symptom Description Example DHTs1,2

Tremor Involuntary quivering or shaking that characteristically occurs at rest
• Kinesia-ONE
• Personal Kinetigraph
• Verily Study Watch

Bradykinesia Slowness of movement that is characterized by a decrease in 
movement speed and amplitude

• APDM Opal
• Personal Kinetigraph
• Verily Study Watch

Gait and posture Characterized by small, shuffling steps, reduced arm swinging, freezing 
of gait (FOG) and other gait and postural abnormalities

• APDM Opal
• GAITRite
• Emerald Device
• Verily Study Watch

Motor fluctuations 
and Dyskinesia

Common complication of levodopa treatment, characterized by 
involuntary movement

• Personal Kinetigraph
• Kinesia ONE

Non-motor 
Symptoms (NMS)

There are a variety of NMS in PD including sleep, sensory, 
gastrointestinal and cognitive disturbances

• DynaPort MoveMonitor
• Personal Kinetigraph
• Emerald Device
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Wearable Sensors
These sensors are typically based on 
intertial measurement units (IMUs) 
comprised of accelerometers, 
gyroscopes and sometimes 
magnetometers

Advantages:

• High-quality movement data

• Can integrate multiple sensors on 
many body areas, more easiliy 
capturing and tracking motor 
symptoms

Limitations:

• May have relatively lower compliance

• May be uncomfortable or 
inconvenient

• Can require frequent recharging

Examples: 

• Kinesia ONE, Parkinson’s Kinetigraph

Mobile Applications
These are technologies that may 
leverage both user input and the 
built-in IMU technology of smart 
phones

Advantages:

• Accessibility

• Built-in IMUs to capture movement 
data and monitor motor symptoms

• May have higher patient compliance

Limitations:

• Lower-quality movement data and 
limited range of compliance 
parameters

• Technology is early in development

Examples: 

• mPower 2.0, Kinesia 360  
Mobile Application

Non-wearable sensors
This broad category includes floor 
sensors, image-based technologies 
and radio signal-based technologies 
paired with machine learning 
algorithms

Advantages:

• May have higher compliance

• No recharging necessary

• High-quality movement data

• May be able to capture a wider range 
of gait parameters

Limitations:

• Few technologies are available that 
are less advanced in development

• Limited use in the home or the clinic

Examples: 

• Emerald device, GAITRite

DHTs can monitor activity and collect data actively or passively. With active monitoring systems, a patient must 
complete a pre-defined task in order for data to be collected. For example, the patient might need to put on a 
finger-based sensor to complete a finger-tapping task. Passive monitoring systems collect data without patients’ 
direct involvement; patients simply go about their daily life while the wearable or non-wearable sensor collects 
information in the background. 

Figure 1. The Pros and Cons of Digital Health Technologies by Type

RETHINKING THE ROLE OF PERSONAL DOCTORS IN CLINICAL TRIAL RECRUITMENT
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Considerations for Using DHTs in Clinical Trials 

Given that DHTs are already in widespread use in PD trials (as secondary or exploratory endpoints) and that efforts are 
ongoing to gain regulatory acceptance as primary endpoints, sponsors should give full consideration to incorporating 
them in their development programs. 

For sponsors to give full consideration to incorporating DHTs into their development programs, they should have a 
complete understanding of the options available, the process they must undergo for the DHT to be qualified by 
regulators and the requirements to make the most of the data the technology generates. 

Device Validation 

The US Food and Drug Administration (FDA) favors DHTs that are validated against the current standard means of 
assessment before they can be used as primary endpoints in pivotal trials. Thus, in PD, new assessments should meet or 
surpass the sensitivity of the MDS-UPDRS to be qualified by the FDA. The sensitivity-to-change threshold is of heightened 
importance for DMTs as their clinical value will be based on perceptible changes in progression over the course of a trial, 
even though most patients progress through the stages of PD over the course of years. So, the promise of DHT—that it 
can accurately detect small changes over a set period of time—is significant in PD. 

Following the initial phase of development, a DHT must be validated. The validation process is involved, often taking 
many years to complete. In the context of DMT trials for PD, a key feature of the validation process is establishing the 
technology’s sensitivity to change. This may require longitudinal studies that track symptoms in patients over many 
years. The arduous validation process is a major challenge for DHTs and limits their feasibility in clinical trials today.

Patient Burden

In selecting the best DHT for a clinical trial, there is a tradeoff to be made between collecting accurate and 
comprehensive data on the one hand and minimizing the patient burden on the other. For instance, devices such  
as the Verily Study Watch are worn on the wrist and are designed specifically to maximize patient comfort and 
compliance. While this technology can measure tremor, sleep and ambulation, it is not able to accurately measure 
other key parameters in PD such as stride length and gait velocity. At the other end of the spectrum are obtrusive 
devices that capture a number of measurements with great accuracy. For example, in some configurations APDM 
Opal sensors require that the patient wear as many as five sensors on their wrists, ankles and waist. On the plus 
side, the system is highly accurate in measuring tremor, sleep and ambulation and can also capture data on gait 
velocity, step-time variability, as well as many others. Common sites on the body for placement of sensors are 
outlined in Figure 2.

What is more, patient compliance is inversely related to the degree of engagement/involvement required of patients 
for data collection to occur. Technologies based on passive monitoring typically generate greater compliance, as the 
patient’s only responsibility is to wear, charge or activate the sensor. Some wearables even have batteries that last 
more than a week, creating a convenient experience that increases compliance. Other sensors require nothing from 
the patient whatsoever. For example, the Emerald device is a monitor that is placed in the home and uses radio 
waves to detect various parameters of mobility, gait, and sleep during the course of the patient’s daily activities.
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A wider range of symptoms can be measured with greater accuracy through active monitoring. For example, a single 
sensor such as Kinesia ONE™ can accurately measure bradykinesia through finger-tapping tasks. In some cases, 
patients can be fitted with sensors such as the APDM Opal system and administered standard clinical tests such as 
the timed-up and go (TUG) for increased accuracy. The downside is that compliance is much more challenging than 
with passive devices, as patients need to complete time-consuming tasks on a regular basis. In some situations, it 
simply may not be feasible to collect measures from technologies requiring the patient’s active participation.

Also, integrating active tasks into a home-monitoring system introduces the potential for error in the data collected, 
as it is possible for a patient to misunderstand a task and perform it incorrectly without the guide of a clinician. And, 
with more cumbersome, multi-sensor systems, the patient may need to take the sensors on and off frequently, 
increasing the risk that they are placed incorrectly.

Wrist-worn sensors

• Measure tremor, bradykinesia, 
dyskinesia, sleep, activity

• Examples: Verily Study Watch  
and the Personal Kinetigraph

Wasit-worn sensors

• Measure activity, sleep, and a limited  
number of gait parameters

• Examples: DynaPort MoveMonitor 
and APDM Opal

Ankle-worn sensors

• Measure activity and limited gait parameters

• Examples: StepWatch and APDM Opal

Multiple Sensor Configurations

• Systems that integrate data from 
multiple sensors are able to reliably 
measure tremor, bradykinesia, 
dyskinesia, sleep, activity and a large 
number of gait parameters

• Examples: APDM Opal

Mobile applications

• Passive monitoring of activity

• Examples: mPower 2.0, Kinesia 360 
Mobile Application

Figure 2: Wearable Sensor Locations and Configurations

Inability to Measure Certain Symptoms in a Passive, Continuous Fashion 

There are certain symptoms that cannot be measured reliably with the current state of continuous, passive 
monitors. Unfortunately, this is the case with some of the symptoms of PD that are most sensitive to change in 
disease progression—namely gait parameters of step-time variability and step-width variability. This represents a 
major challenge for sponsors seeking to integrate DHTs into clinical trials of disease modifying therapies in PD. 
Active monitoring technology (such as the APDM Opal system and the GAITRite) are capable of measuring these 
systems, but present the challenges of compliance discussed above. 

THE PROMISE OF DIGITAL HEALTH TECHNOLOGY IN PARKINSON’S DISEASE TRIALS: MEASURING DISEASE MODIFICATION
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Regulatory Familiarity/Acceptance 

Although digital endpoints from wearables have been used in clinical trials as secondary or exploratory endpoints, 
regulators such as the FDA have not yet qualified these digital endpoints for use as primary endpoints in a pivotal 
clinical trial. The FDA has recently published guidance for industry on using DHTs in clinical investigations of medical 
products and has qualification programs through which digital endpoints from DHT can be qualified as a Drug 
Development Tool (DDT). One notable DDT qualification program is the Clinical Outcome Assessment (COA) 
Qualification Program. Qualified COAs are those that offer a “well-defined and reliable assessment of a specified 
concept of interest for use in adequate and well-controlled studies.” 

Thus far, multiple devices have been entered into the COA program, although none have been successful in gaining 
qualification. Both the Verily Study Watch by Verily Life Sciences (which prompts the wearer to complete eight 
simple motor assessments) and MC10’s Biostamp nPoint® (which measures gait parameters) were rejected by the 
FDA as qualified COAs. (It is worth noting the FDA did not deem the measurements taken by the Verily Study Watch 
as unreliable, merely insufficient as an overall assessment, since the goal was qualification of the data as a primary 
endpoint.) In both cases, the agency determined that the instruments measured functions that were insufficiently 
reflective of patients’ quality of life. The agency has indicated that assessments should “evaluate meaningful 
aspects…that are relevant to the patients’ ability to function in day-to-day life” (such as the ability to speak, eat and 
dress) and that are “consistent with the MD-UPDRS Part II or other similar instruments.”, 

Only one digital endpoint has been qualified by a regulatory agency as a secondary endpoint in any therapy area. In 
April 2019, the Committee for Medicinal Products for Human Use (CHMP) of the European Medicines Agency 
released its final report on the context in which stride velocity 95th centile measured at the ankle is an appropriate 
endpoint in studies of treatments for Duchenne Muscular Dystrophy (DMD). (The FDA is currently reviewing the 
device for use in the US.)

Fortunately, there are a number of industry collaborations that seek to provide paths for more meaningful digital 
endpoint use in clinical trials. Some focus on developing effective and reliable digital measurements of specific 
disease symptoms. These include: 

• MOBILISE-D to measure gait

• RADAR-CNS to measure and predict clinical outcomes in depression, muscular dystrophy and epilepsy

• IDEA-FAST, which is working on novel digital measures for fatigue and sleep disturbances

• The Personalized Parkinson Project (PPP) in the Netherlands, which uses the Verily smartwatch to measure a 
variety of physiological and environmental parameters continuously

• The Parkinson’s Progression Markers Initiative (PPMI), using two digital device platforms (by Verily and Roche),  
and sponsored by the Michael J. Fox Foundation and 29 industry and non-profit stakeholders

Other initiatives are bringing together various stakeholders to include DHTs in clinical trials. The C-Path Consortium is 
focused on qualifying patient-reported outcomes (PROs) and other COA tools as endpoints to support product labeling 
claims. Any approved assessments will be made publicly available. Another C-Path project, the Critical Path for 
Parkinson’s 3DT Initiative, is helping various stakeholders to engage with regulatory agencies on the best use of DHT in 
PD clinical trials.
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Data Analysis

There are multiple considerations to consider surrounding data collection and analysis. First, researchers will need 
to balance the need for scientific rigor with the desire for convenience/manageability. In the context of using digital 
data as exploratory endpoints, might investigators favor a large volume of data with potentially more metrics that 
could be sensitive to change? Second, what will regulators want? For example, collecting a PKG® Bradykinesia score 
might be of interest to researchers, but would such a proprietary scoring algorithm be seen favorably by the FDA? 

 

And, in 
practical 

terms, 
sponsors must 

determine:

Will the device’s 
data output 
require additional 
data analysis, 
visualization  
and effort?

How efficiently  
is the data captured, 
stored and shared?

How seamless  
is the data  
transfer?

What level  
of analytics 
is available? 

How is the data 
and patient 
privacy protected?

THE PROMISE OF DIGITAL HEALTH TECHNOLOGY IN PARKINSON’S DISEASE TRIALS: MEASURING DISEASE MODIFICATION
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Tips for Using Digital Endpoints Effectively in PD Studies

Based on our specific experience in PD trials and our familiarity with DHTs more generally, we recommend  
that sponsors:

• Be mindful of the patient throughout. PD patients go through a great deal as study participants, and it is, 
therefore, important to select devices that will not add to their daily burden. This will necessarily mean making 
tradeoffs between the comprehensiveness of the data collected and patient centricity. 

• Narrow the list of target symptoms. Again, to be understanding of patients’ limitations, one must find a balance 
between capturing everything of potential interest and not adding assessments that will be onerous for 
patients. This requires prioritizing the symptoms you want to measure, zeroing in on symptoms that the 
therapy could be expected to impact for symptomatic treatments or that will be most sensitive to change in 
the case of a DMT.

• Tie DHT measures to patient quality of life (QoL).  As the quality of life is very poor for many PD patients,  
the FDA has stressed that the data collected by DHTs must reflect a meaningful change in patients’ QoL  
to be clinically relevant. 

• Explore the device landscape. New technologies are being developed and verified continuously, and each 
measures different combinations of aspects of movement disorders. Sponsors should evaluate different 
devices to find the one that best aligns with the trial goals. The decision may also be driven by the technology 
vendor’s supporting services and past experience in clinical trials. 

• Consult with regulators. Before finalizing the protocol, Sponsors should meet with regulators to ensure that the 
agencies will be accepting of endpoints from the technologies planned. 

• Incorporate DHTs early in the clinical development program. There is a paucity of real-world data derived from  
these devices in PD. Including them in a Phase II trial could provide the data needed to justify deploying them  
in later development. 

• Prepare for the incoming volume of data. DHTs—especially those capturing data passively and continuously, 
movement-by-movement—generate massive volumes of data that will need to be managed and analyzed. Note 
that technologies vary across the volume of data they collect and the analyses that they perform, so sponsors 
should take into consideration how much data analysis they want to do, how much raw data they want, etc. 
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Conclusion

The development and approval of a disease-modifying agent for PD would be a 
game changer for the nearly 10 million patients who are living with the disease 
worldwide. Digital health technologies could have a role to play in making that 
prospect a reality, as many development programs are incorporating them as 
secondary and exploratory endpoints. While these DHT assessments are not 
yet qualified by regulators for use as primary endpoints, there’s growing 
evidence that they may be more sensitive than the MDS-UPDRS. In time, it is 
likely that DHTs will be approved and adopted for their ability to detect subtle 
changes in the disease symptoms that characterize the insidious progression of 
PD. Until then, it behooves sponsors working in PD to stay abreast of advances 
in wearables, sensors and applications that could provide meaningful clinical 
evidence, adopting them where appropriate. 
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