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Abstract

Introduction: Parkinson’s disease (PD) is a complex neuro-
degenerative disease with motor and nonmotor symptoms
with a multitude of disease variations and severity. Physical
activity can improve the management of disease symptoms
and increase patients’ quality of life. Technological develop-
ment of small wearable devices allows objective activity
measurement such as daily step count. Objective: To synthe-
size ongoing and past research on objective walking activity
measurements using wearable devices in patients with PD.
Methods: PubMed, Cochrane, Web of Science, and PEDro
database are systematically searched with no limitation on
publication date. Keywords are relative to (1) the population,
(2) the measurement tool, and (3) the measured outcomes.
Only full-text English articles published in a peer-reviewed
journal will be included. Participants do not have to undergo
any type of intervention. Included studies must report an ob-
jective measurement of walking activity using wearable de-
vices in PD patients. After an independent screening process
done by 2 reviewers, data will be extracted from the articles
according to the following 5 set of data: (1) the study metrics,

(2) the population characteristics, (3) the measurement
tools, (4) the experimental procedure, and (5) the reported
outcomes. Results: The results will contain inter alia summa-
ries of the wearables’ specifications, wearing location, and
recommendations for feasible methodologies to capture
daily walking activity. Discussion: This review aims to syn-
thesize the evidence of objective walking activity assess-
ment with wearable devices in patients with PD. It will also
provide recommendations with regard to device selection
and suggest key points when monitoring walking activity in

this specific population. © 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

Parkinson’s disease (PD) is a neurodegenerative dis-
ease affecting motor [1, 2] and nonmotor skills of patients
[3]. Typical motor symptoms of the disease include bra-
dykinesia, muscular rigidity, resting tremor, and postural
instability [1, 4]. Nonmotor or nondopaminergic symp-
toms emerging inevitably with the disease seem to be
promising prodromal PD indicators [3, 5, 6]. These symp-
toms lead to an increasing level of dependence with the
emergence of olfactory disturbances, autonomic dys-
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function, pain, sleep fragmentation, depression, and de-
mentia [3, 7]. Due to the complex pathophysiology of PD
[1, 3, 7] and the wide variability of progression symptoms
[5, 6, 8-11], the diagnosis and treatment remain difficult
[12]. People suffering from PD often present impaired
functional abilities [13-15], a reduced level of strength
[15, 16], and a lower level of physical activity [17, 18],
overall leading to an increased fall risk [19-21].

Evidence suggests that physical activity may limit the
progression of neurodegenerative impairment, associat-
ed with PD [22]. Aerobic training seems to slow brain
degeneration with positive effects on depression [23], ap-
athy, fatigue, daytime sleepiness, sleep, and cognition
[24].

Research suggests that wearable technologies are valid
methods to monitor the relationship between clinical-
rating scales (e.g., MDS-UPDRS III) and walking activity
in PD [25]. However, only limited information is avail-
able regarding the capabilities of wearables to monitor
physical activity in PD even though this is crucial for dis-
ease management [5, 18, 23, 24, 26-31]. Mobility and the
amount of daily walking during domestic activities [32]
or as part of their daily living outside the house [33] are
strongly correlated. Deficits in mobility affect not only
activities of daily living but also risk of falling [34], inde-
pendence [35], and motor fluctuation over time [36].

Understanding the array of solutions for instrumented
monitoring of walking activity in PD will allow clinicians
and researchers to better plan and implement interven-
tions and trials. Consequently, this review aims to iden-
tify and map all available studies on the use of wearable
devices for objective measurement of walking activity in
people with PD.

Methods

The Preferred Reporting Items for Systematic Review and Me-
ta-Analysis will be used to identify relevant studies [37]. We will
explore the use of wearables to detect walking activity with the aim
to map the state of evidence in a structured yet reflexive manner
and to identify research gaps or assess the feasibility of future re-
views [38]. The protocol of this current review has been registered
in PROSPERO (CRD42020210866).

Eligibility Criteria

Only full-text peer-reviewed scientific original articles pub-
lished in English will be included in this review. Case reports, con-
ference abstracts, abstracts, poster, reviews, or meta-analysis will
be not included. We will use the following eligibility criteria for
study selection.

Wearable Technology to Measure
Walking Activity

Population

All articles including patients with a diagnosis of PD will be
included. The patients must be able to walk with or without an as-
sistive technical aid during daily life activity. Consequently, wheel-
chair patients and those who are not able to walk will be not con-
sidered in this review. We will also consider data relative to control
groups. Control group data contain healthy subjects or patients
with other neurodegenerative diseases. Studies including animal
models or mixed syndrome will be excluded.

Intervention
Participants are not required to undergo any type of interven-
tion.

Measurement Tool

Studies will have to use wearable devices. Wearable devices may
use any combination of electronic or spring-levered uni- or mul-
tiaxial accelerometer, gyroscope, magnetometer, or barometer.
Other measurement tools such as heart rate monitor and ther-
mometer will be not considered. Wearable devices have to be at-
tached to the body, for example, belt clip or any other assistive ac-
cessory. Measurement tools can also be placed in a pocket or in a
bag.

Experimental Procedure

Studies can take place in a laboratory or in a free-living envi-
ronment. This review aims to synthetize the evidence on the feasi-
bility of using wearable devices to capture walking activity pattern
in patients with PD. Therefore, laboratory-based and free-living
studies will be included to explain how and in what context wear-
able devices can be relevant. Laboratory-based studies focus on
standardized assessments or the specificity of the walking pattern
of PD patients while free-living-based studies will inform on the
feasibility of using wearable devices to track daily walking activity.
Studies assessing walking activity in a restrictive condition (prede-
termined course, planned outdoor tour, and sidewalk test) will also
be included.

Measured Outcomes

Studies must report at least 1 output that quantifies daily walk-
ing activity (daily step count, distance traveled, and GPS track).
Activity counts and physical activity level, as well as intensity of
activity and energy expenditure based on counts threshold, will be
not covered by this review. Metrics relative to nonmotor activities
or sedentary behavior will also be excluded.

Data Sources and Search Strategy

The following 4 electronic databases will be systematically
searched with no limit in the publication date: PubMed, Cochrane,
Web of Science, and PEDro. A first preliminary structured search
was conducted in September 2020 and will be repeated before the
completion of the final review process.

Keywords related to (1) the population, (2) the measurement
tool, and (3) the measured outcomes will be used. The search strat-
egy included a combination of keywords, using the Boolean op-
erator “AND” and “OR” and, if it is applicable, the Medical Subject
Headings terms. The first category of keywords focuses the search
on patients with PD and includes terms such as “idiopathic Par-
kinson’s Disease,” “Lewy Body Parkinson Disease,” “Primary Par-

kinsonism,” “Idiopathic Parkinson Disease,” or “Parkinson Dis-
ease.”
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The second category specifies the measurement tools that
should be used to track steps in PD patients. [t comprises all terms
relative to wearable devices: “wearable technology,” “wearable sen-
sor,” “wearable device,” “ambulatory monitoring,” “fitness track-
er,” “activity tracker,” “activity monitor,” “step counter,” “actigra-
phy,” “pedometer,” “accelerometer,” “inclinometer,” “gyroscope,”
“inertial sensor,” “inertial measurement unit,” “pendant sensor,”
stopwatch,” “smartphone,” and “mobile phone.”

The third category was designed to limit the search results to
studies reporting metrics related to daily walking activity including
terms such as “step count,” “daily step,” “steps per day,” “walking
activity,” “walking bout,” and “walking time.” These 3 categories
will be combined as follows for the final search: (1) AND (2) AND
(3). The search fields will be restricted to the abstract, title, and
keywords.

Study Selection

The title, abstract, and keyword of each article returned by our
search strategy will be screened by 2 independent reviewers (T.C.
and C.H.). Inclusion is based on the abovementioned selection cri-
teria. A full-length text screening will then be performed to con-
firm if the potentially included studies meet the selection criteria.
Finally, based on the inclusion and exclusion criteria, the eligibil-
ity of each article will be reported independently by each reviewer
(T.C. and C.H.). Discrepancy will be resolved by consensus meet-
ing using a third reviewer (N.V.) if disagreement persists.

Data Extraction

After completion of the screening process, 2 reviewers (T.C.
and C.H.) will independently extract the data from each included
article. Data extraction will be done following a prebuilt table in-
cluding information about study metrics, population, measure-
ment tools, monitoring process, and measured outcomes. Study
metrics refer to the name of authors, article title, year of publica-
tion, journal’s name, country of study, study design, number of
centers taking part in the study, funding, and conflicts of interest.
Population-related information includes sample size, age, gender,
weight, height, and BMI for both control and patient populations.
Information about occupational status, education, and lifestyle
(smoking and alcohol use) will be extracted. Data about disease
qualification, disease duration, and severity will also be extracted.
Data related to measurement tools will be included, that is, the de-
vice and manufacturer name, the type of embedded sensors, the
wearing location, and the properties of the devices (restriction
about their usage and particularity of the device). Experimental
procedure data will be reported through the length of monitoring,
the days included in the monitoring, and the wear time instruc-
tions. Reported outcomes will be step count, gait speed, or param-
eters relative to walking activity. Conclusions and clinical or re-
search implications will also be extracted. If possible, a meta-anal-
ysis will be conducted highlighting the research findings. In case
of missing or erroneous data, the study authors will be contacted
for further information. Discussion and consensus meeting will be
used to resolve discrepancy.

Data Synthesis

This review is specifically designed to present an overview of
the literature existing on the assessment of daily walking activity
in people with PD. This review establishes a synthesis of the exist-
ing methods and devices already in use to assess walking activity
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in PD patients. We will detail and summarize the common usage
concerning the wearable devices used in this population. This re-
view will present the major trend in terms of wearing location and
tools used as well as the methodology used to capture daily walking
activity. These data will be presented categorized according to the
population and study characteristics, the wearable devices, the
monitoring methods, and the reported outcomes.

Results

A flowchart will be constructed depicting each stage of
the inclusion process and the corresponding number of
articles selected with the exception of the nonmandatory
risk of bias and strength of evidence assessments [37].

Discussion

Due to the particularity of the walking activities, we
expect only minor heterogeneity concerning the reported
outcomes. However, we expect a wide heterogeneity re-
garding the methodology deployed to track walking ac-
tivity. Based on the initial screening process, we identified
3 main types of studies that would be included in this re-
view.

First, the studies aiming to assess the effectiveness of
the use of a wearable device during intervention focusing
on physical activity, balance, or gait. These studies fre-
quently provide a daily step count, reported at baseline
and at the end of the intervention, as a measure of gait
stability or physical activity level.

Second, studies aiming to assess the performance of
different wearable devices in patients with PD. Some of
them focusing on the on-body location effect while others
assessing the feasibility of using wearables as a tool to
track activity in PD patients. In this type of study, step
countis frequently reported as a measure of accuracy, and
it is often compared to a criterion measure.

Third, studies aiming to approach the walking speci-
ficity of patients with PD with wearable devices. In such
studies, wearables are used as a noninvasive tool to assess
disease severity or implication, and step count also is re-
ported as an indirect measure of disease severity.

Due to these differences in terms of the use of step
count in addition to the wide variability in study design
and devices, we decided to conduct a narrative synthesis;
however, depending on the number of studies with the
same design and with the same outcomes, we will not re-
ject the possibility to perform a meta-analysis of the daily
walking activity in patients with PD.
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Conclusion

This review will present researchers and clinicians with an
overview of all studies assessing the walking activity in pa-
tients with PD. Recent technological advances allow research-
ers and clinicians to capture long-term behavior change [18,
27] and individual activity patterns using wearable devices
[39-41]. This review aims to clarify and synthesize the evi-
dence about wearable device use in patients with PD to assess
walking activity with a focus on device selection.
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