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Abstract

Background: Parkinson disease (PD) isaprogressive neurodegenerative disorder with increasing global prevalence, necessitating
innovative management. Digital health interventions (DHIs) offer potential advantagesfor PD care; yet, acomprehensive systematic
review and synthesis across all DHI types and core outcomesis still lacking.

Objective: This review aimed to assess the effectiveness of DHIs for improving motor symptoms, nonmotor symptoms, and
quality of lifein patients with PD and to summarize the reach, uptake, and feasibility.

Methods: We searched PubMed, Ovid Embase, Web of Science, CINAHL, Cochrane Central Register of Controlled Trials,
and APA PsycINFO up to November 2025. Pool ed standardized mean differences (SMDs) were calculated using random-effects
models. We calculated 95% prediction intervals (PIs) to estimate the true effects. The revised Cochrane Risk of Bias 2 tool was
used to assess risk of bias. Heterogeneity was assessed using |2, T2, and 95% PI. Subgroup analyses, meta-regression, and sensitivity
analyses were conducted to address heterogeneity and potential bias. The quality of evidence was assessed using GRADE (Grading
of Recommendations Assessment, Development, and Evaluation).

Results:  The review included 112 randomized controlled trials involving 5594 participants. Significant postintervention
improvements were identified in motor symptoms (SMD=-0.39, 95% CI —0.60 to —0.18, 95% Pl —1.75 to 0.99; 1°=80.3%) and
overall nonmotor symptoms (SMD=-0.26, 95% CI —0.49 to—0.03, 95% P —0.56 to 0.03; 12=13.8%), including cognitive function
(SMD=0.47, 95% Cl 0.22 to 0.72, 95% Pl —0.41 to 1.35; 1°=63.5%) and psychiatric symptoms (SMD=-0.42, 95% Cl —0.74 to
-0.09, 95% Pl —1.82 to —0.99; 1°=85.4%); however, there was no significant enhancement in quality of life (SMD=-0.19, 95%
Cl -0.47t00.09, 95% Pl —1.50to 1.12; 1°=81.2%). The certainty of evidencewasvery low for quality of life, motor, and psychiatric
symptoms and low for cognitive function and overall nonmotor symptoms. Improvements in motor symptoms and cognitive
function remained stable at follow-up. Meta-regression analysis indicated that age, percentage of female participants, and
supervision mode were possible sources of heterogeneity. Overall, 94 studies reported reach (median 37.5%), 38 reported fidelity
(95.7%), and 105 reported dropout rates (9.1%).

Conclusions: In contrast to previous reviews focused on single technologies or outcomes, this review provided the first

comprehensive synthesis across all DHI types on multiple outcomes and indicated their potential as nonpharmacological
interventions for PD management. However, current evidence is of low to very low certainty, and wide 95% Pls, together with
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highrisk of biasand substantial heterogeneity, indicate considerable uncertainty regarding the true effect in future implementations.
Therefore, findings should be interpreted with caution. These findings provide integrated evidence to guide the design and
prioritization of future research. The results have important real-world implications, supporting cautious implementation while
underscoring the need for more robust trials, particularly in resource-limited settings.

Trial Registration:

(J Med Internet Res 2026;28:€79935) doi: 10.2196/79935
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Introduction

Parkinson disease (PD) isthe most common serious movement
disorder, characterized clinically by bradykinesia, rest tremor,
rigidity, and postural and gait abnormalities[1,2]. Astheglobal
population ages, the globa prevalence of PD is projected to
exceed 12 million by 2040 [3,4], representing a significant
public health challenge. In addition to motor symptoms, nearly
al patients experience complex nonmotor manifestations,
including hyposmia, autonomic dysfunction, psychiatric
symptoms, cognitive decline, and sleep disorders[1,5,6], which
also impair the quality of life of patients with PD [7]. PD
management mainly relies on dopamine replacement therapy
and incorporates arange of medical and surgical treatmentsfor
complex symptoms [5].

However, PD management still faces many obstacles that must
be overcome. It remains largely limited to symptomatic
treatment and is challenged by long-term motor complications
as well as many nonmotor symptoms, which increase the
complexity of medication regimens. Crucialy, thereare still no
clinicaly established disease-modifying therapies to slow or
halt neurodegeneration [2,8]. Consequently, long-term,
individualized pharmacol ogical optimization and
multidisciplinary care are essential for people with PD; yet,
delivering sustained, high-quality carein routine outpatient and
community settings remains challenging. This challenge may
underscore the potential value of digital health approaches.

In addition, nonpharmacological interventions such as physical
and cognitive training have shown promise for improving both
motor and nonmotor symptoms of PD [5,9], but accessto these
interventions can be challenging for patients. Patients often
need to visit medical ingtitutions in person to receive
rehabilitation training, which requires sufficient time and
financial resources. Furthermore, the disease may make it
difficult or cause reluctance for patients to go out. Moreover,
in some economically underdeveloped regions, few medical
institutions offer such rehabilitation training. In addition, patient
adherence also poses a significant challenge. The combination
of high prevalence, multifaceted symptomatol ogy, and absence
of disease-modifying treatments makes PD management
particularly challenging; therefore, strategies that improve
symptoms and quality of life are essentia to reduce the burden
on patients and health care systems.

Digital technology is now revolutionizing PD management,
creating new possibilities across the entire spectrum of patient
care, from disease identification and diagnosis [10,11] to
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treatment and prognosis [12,13]. It offers opportunities to
enhance and extend nonpharmacol ogical interventions[14,15].
Emerging evidence highlights the potential of digital health
interventions (DHIs) in the long-term management of PD [16].
DHls, defined asthe“ discrete functionality of digital technology
that is applied to achieve health objectives’ [17-19], may be
especialy valuable for long-term PD management.

A growing number of randomized controlled trials (RCTs) have
demonstrated that various types of DHIs, including
computer-based cognitive training [20] and telerehabilitation
[21], may benefit patients with PD. These digital interventions
use diverse digital tools, spanning from wearable sensors [22]
to smartphone apps[23], to improve both motor and nonmotor
outcomes. DHIs offer several potential advantages (1) they may
reducethe frequency of in-person visitsand thusrelieve pressure
on medical servicesand regional resourceimbalancesin medical
resources through information and communication technology
[24], (2) they may augment and enhance conventional
rehabilitation and pharmacotherapy to improve engagement and
outcomes[25], and (3) they may address patients' individualized
demands in real time by leveraging adaptive systems that
analyze real-time health data[26].

Current DHIs for PD management include robot-assisted
physical therapy [27], exergaming [ 28], videoconferencing [29],
smartphone apps [30], wearable sensors [31], and others.
Although these studies demonstrate the considerable potential
of DHIsin PD care, no study has summarized current evidence
systematically and comprehensively in this field, as previous
reviews primarily focused on single digital intervention types
(eg, virtual reality) [32] or specific outcomes (eg, motor
symptoms) [33]. A comprehensive synthesis across DHI
modalities and health-related outcomesin PD is till lacking.

Tofill thisgap, we performed alarge-scal e, updated systematic
review and meta-analysisto eval uate the effectiveness of diverse
DHIs across multiple health outcomes in patients with PD. We
additionally summarized the reported reach, fidelity, and
feasibility of these interventions. Our findings aim to inform
clinicians in selecting management strategies for PD and to
guide priorities for future research.

Methods

Protocol and Registration

This systematic review and meta-analysis were preregistered
on PROSPERO (CRD42023492123) and were conducted
according to the PRISMA (Preferred Reporting Items for
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Systematic Reviews and Meta-Analyses) guidelines for
transparent and comprehensive reporting of methodology and
results [34]. The PRISMA 2020 checklist and the PRISMA-S
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Literature Search Extension) checklist are
provided in Multimedia Appendices 1 and 2, respectively. Any
deviations from the preregistered protocol are outlined and
explained in Multimedia Appendix 3.

Search Strategy and Study Selection

Searches were first performed in PubMed (via NCBI), Ovid
Embase (via Ovid), Web of Science (via Clarivate), CINAHL
(via EBSCOhost), Cochrane Central Register of Controlled
Trials (viaWiley), and APA PsycINFO (via EBSCOhost) from
inception to November 21, 2023. Updated database searches
were performed in the above databases via the same platforms
from November 21, 2023, to January 5, 2025. Final database
searches were conducted on November 22, 2025, for articles
published in 2025, and email alerts were maintained to capture
newly published studies until final data analysis. No study
registries, websites, or other non—peer-reviewed online resources
were systematically searched to ensure the reliability of the
included data. The reference lists of included articles and other
relevant systematic reviews were examined. Authors of
potentially eligible studies were contacted via email to inquire
about additional data or unpublished results.

Three groups of search terms were used: terms related to PD,
terms related to DHIs (eg, digital, technology, telemedicine,
internet, robotics, virtual reality, and computers), and terms
related to RCTs. Complete search strategies and search limits
are detailed in Multimedia Appendix 4. Search results were
imported into EndNote 20 (Clarivate), and duplicates were
removed using the software’s automatic deduplication feature,
followed by manual review. The titles and abstracts of the
involved studies were first screened, and then the full texts of
potentially eligible studies were reviewed according to the
inclusion criteria

The inclusion criteria were developed based on the PICOS
(Population, Intervention, Comparison, Outcomes, and Study
Type) framework. First, for population, we included studies
involving patients with a confirmed diagnosis of PD. Second,
for intervention, interventions provided through the computer,
smartphone, tablet, virtual reality, wearable sensor, robot, or
any other digital technology for physical rehabilitation, care
aid, or cognitive training were defined as DHIs in this review.
DHIs were eligible regardless of setting (eg, used in medical
institution vs at home), mode of interaction and supervision,
intervention content, or intervention duration. Although digital
technology also contributes to the application of deep brain
stimulation, transcranial direct current stimulation, and repetitive
transcranial magnetic stimulation, these interventions with
specific therapeutic aims were not in the scope of this review.
DHIs solely used for monitoring parameters related to the
disease symptoms were not included. Third, for comparison,
comparators were categorized into passive control and active
control. Passive control refers to waitlist control or no
intervention.  Active  control  included  traditional,
nontechnological caregiving methods, such as conventional
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physical rehabilitation, standard care aid, or drug treatments.
Studies comparing the effectiveness of different modes of DHIs
were excluded. Fourth, for outcome, we considered any
outcomesrelated to motor symptoms, nonmotor symptoms, and
quality of life in patients with PD as eligible to provide a
comprehensive summary. Studies that only reported the reach,
fidelity, or feasibility of the DHIs in PD were also included.
Fifth, for study type, only RCT studies were included in this
review. Studies with fewer than 5 participants in each group
were excluded from the quantitative meta-analysis to ensure
the robustness of the results.

The entire process of study selection was performed by 2
researchers independently, and disagreements were resolved
with the involvement of athird researcher. Interrater reliability
was assessed using Cohen k [35], which was 0.831 for full-text
review, indicating a high agreement between the 2 researchers.

Data Extraction

One reviewer extracted data using a comprehensive data
extraction form: publication and author details (title, year, first
author’s name, and country), study details (study design, study
setting, sample size, dropout, and follow-up duration),
participants' characteristics (age, sex, and disease severity),
intervention information (type of intervention, purpose of the
intervention, intervention duration, and supervision mode),
comparison information (type of comparator), and outcomes
(scales used for assessing outcomes, reach, fidelity, and
feasibility of interventions). The extracted data were checked
by asecond reviewer. Discrepanciesin data extraction between
the 2 researchers were resolved through discussion with athird
reviewer.

Typesof DHIs

DHIswere classified into three categories: (1) digital databases,
(2) online classes, and (3) technology-based rehahilitation
devices, based on the interaction modalities influenced by the
technical implementation and the level of supervision inherent
to the intervention, following the classification framework
recommended by a previous review [36].

Digital databases are platforms that store hedth- or
disease-related information in the form of videos or textual
materials and offer self-paced access to predesigned resources,
characterized by asynchronous interaction and aminimal level
of supervision. Online classes involve health management and
telerehabilitation sessions delivered in real time through
telephone or video conferencing, offering synchronous
interaction and direct supervision by professionals remotely
and alowing for immediate feedback and guidance.
Technology-based rehabilitation devices encompass a broad
range of technologies, including exergaming, virtual reality,
robotics, and mobile apps, which support physical rehabilitation
or cognitive training. These devices involve close interactions
with users, who respond to guidance and instructions provided
by the DHIs, which in turn provide cues and feedback based on
theusers’ actions. Thelevel of supervision in theseinterventions
varies depending on the technical features of the devices (eg,
sensor integration) and the study design (eg, use under
professional supervision).
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Additionally, DHIswere categorized into physical rehabilitation,
cognitive training, and care aid according to the intervention
purpose.

Outcome M easures

The primary outcomes of the review were changesin symptom
severity, including motor symptoms, cognitive function,
psychiatric symptoms, overall nonmotor symptoms, and quality
of lifefrom baselineto postintervention and last follow-up. The
scales used for assessing the severity of each symptom and
quality of life depended on the original study. When one study
utilized multiple assessment scales for one type of syndrome
(eg, Parkinson's Disease Questionnaire-8 and Parkinson’s
Disease Questionnaire-39 for qudlity of life), the most frequently
used one among al included studies was selected for analysis
to reduce potential heterogeneity between studies. The
assessment scales for each outcome used in each study are
summarized in Multimedia Appendix 5.

The secondary outcomes included percentage reach, fidelity,
dropout rate, and feasibility. According to the Medical Research
Council process evauation framework and Proctor
implementation outcomes, we used the more common term
reach to replace penetration, which is defined asthe integration
of apracticewithin aservice setting and its subsystems[37,38];
therefore, we calculated the proportion of people who come
into contact with the intervention. Fidelity was defined as the
degreeto which an intervention wasimplemented as prescribed
intheoriginal protocol or asintended by the program developers
[38], and we extracted the fulfillment of the intervention.
Feasihility was defined as the extent to which a new treatment
or innovation can be successfully used or carried out within a
given agency or setting [38] and can be measured by retention,
acceptability, adherence, satisfaction, preference, safety, and
cost-effectiveness [39]. Feasibility was summarized according
to the definition of each study, and the aforementioned items
were extracted even if the study did not discuss feasibility.

Quality Assessment

Therevised Cochrane Risk of Bias 2 tool [40] was used to assess
study quality across the following domains: randomization
process, deviations from intended interventions, missing
outcome data, measurement of the outcome, and selection of
the reported result. Studies were categorized as low risk, some
concerns, or high risk. We used the GRADE (Grading of
Recommendations Assessment, Development, and Eval uation)
criteria[41] to assessthe certainty of the overall evidence, which
incorporates 5 key considerations: study limitations,
inconsistency of effects, indirectness, imprecision, and
publication bias. Any deviation acrossthese 5 domains resulted
in downgrading of the quality of evidence. The overall certainty
of evidence was classified as high, moderate, low, or very low.
All quality assessments were independently conducted by 2
reviewers, and any discrepancies were resolved through
discussion.

Meta-Analysis Methods

Pairwise meta-analyses were performed to evaluate the effect
of DHIs on the primary outcomes when more than 5 effect
estimates were available in the analysis. The means and SDs of
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within-group differences from baseline to postintervention and
follow-up assessments were used. If means and SDs were not
reported in a study, the corresponding author was contacted via
email to obtain the data. Otherwise, means and SDs were
cal cul ated based on avail able data using recommended formulas
[42,43].

Standardized mean differences (SMDs, Hedges @) at
postintervention and the last follow-up assessment were used
as the effect measure, alowing comparison of data from
different assessment scales. In studies with more than 2
intervention groups, the intervention group demonstrating the
most favorable effect was selected for the main analysis as it
represented the most well-designed DHIs. In studies featuring
multiple control groups, the most active control group was
chosen to adopt a more conservative analytical approach.

Considering that different assessment scales may reflect
symptom severity in opposite directions, datafrom the original
studies for the same outcome were standardized based on the
most commonly used scale. For instance, while higher scores
on the Unified Parkinson’s Disease Rating Scale Part 3 indicate
more severe motor symptoms, higher scores on the 6-Minute
Walk Test suggest milder symptoms. Therefore, the results of
the 6-Minute Walk Test were inverted (multiplied by —1) to
align with the Unified Parkinson’'s Disease Rating Scale Part 3
for the analysis.

Due to the presence of potential heterogeneity, the
random-effects model and the DerSimonian-Laird estimator
were applied to calculate pooled estimates across studies. The
Hartung-K napp-Sidik-Jonkman method was applied to increase
the robustness of the results [44]. Forest plots were generated
to visually display the effect size and 95% Cls for individual
studiesand the overall pooled estimate. To present the expected
range of true effects in similar studies, the 95% prediction
intervals (Pls) were also calculated and displayed in the forest
plot [45]. When the number of studies was fewer than 10, the
method proposed by Nagashimaet al [46] was applied to adjust
the 95% PI. The 95% ClI reflects the precision of the estimated
overal average effect, whereas the 95% Pl| estimates the
distribution of effects within which the true effect size is
expected to fall in future similar studies. These 2 intervals
complement each other to provide comprehensive information
for result interpretation.

Subgroup analyses were conducted based on the intervention
type (technology-based rehabilitation devices, online classes,
and digital databases), considering the different inherent
characteristics of various DHIs. Pairwise comparisons between
subgroups were performed using random-effects meta-analysis
with Hartung-K napp adjustment and were limited to subgroups
with 3 or more studies. Funnel plots and Egger regression
intercept were used to assess small-study effects, which may
indicate the potential publication bias. A sensitivity analysis
was conducted to evaluate whether the overall results were
statistically and significantly affected by 1 individual study
using the leave-one-out analysis method. In addition, another
sensitivity analysis restricting the synthesis to studies with a
low risk of biaswas performed for outcomes for which at least
10 such studies were available. All meta-analyses were
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conducted using R (version 4.2.3; R Foundation for Statistical
Computing).

Heterogeneity and M eta-Regression
The presence of heterogeneity among studieswas assessed using

Cochran Q test and the I? statistic, whereas 95% P, 1, and 12
were cal cul ated to eval uate the magnitude of heterogeneity [45].
By estimating the expected range of true effects for future
studies, the 95% Pl directly evaluates the variability of the
intervention effect across diverse settings[47]. T representsthe
estimated SD of the between-study effects, and 12 denotes the
variance, which quantifies the spread of the true study effects
around the mean [48].

Because substantial heterogeneity was anticipated to result from
varioustypesof DHIsintheanalysis, univariate meta-regression
analyses were performed using the mixed-effects model with
the DerSimonian-Laird estimator for between-study variance
and the Hartung-Knapp-Sidik-Jonkman method for SE
adjustment to identify potential moderators that could account
for heterogeneity. These potential moderators included
individual-level variables (mean age, sex, and disease severity)
and study-level variables (publication years, country income
level, intervention type, intervention purpose, intervention
setting, type of control, intervention duration, and supervision
mode). In addition, bubble plots were provided as visual
representation of the meta-regressions.

Results

Study Search and Selection

The search initially yielded 30,918 related study records from
6 databases in November 2023, among which 12,909 duplicate

Liuetd

records were first removed during screening. The titles and
abstracts of the remaining 18,009 records were screened, and
thefull texts of 284 studies were further assessed. A total of 90
studiesfrom 91 articles evaluating the effect of DHI in patients
with PD were included.

A supplementary search was conducted on January 5, 2025, and
4179 new publicationswereidentified using the same keywords
and databases as the initial search. After removing duplicates,
atotal of 3019 unique records were screened based on title and
abstract, and the full texts of 66 potentially eligible studieswere
then reviewed. A total of 11 studies meeting the inclusion
criteriawere included.

The final search was performed on November 22, 2025, to
ensure the inclusion of the most recent evidence and identified
3980 new publications. Following deduplication, atotal of 2481
unique recordswere screened by title and abstract. Subsequently,
atotal of 44 studies underwent full-text review, resulting in the
inclusion of 11 studies that met the eligibility criteria. During
the full-text screening process, no studies were identified that
appeared to meet the inclusion criteria but were ultimately
excluded; all exclusions were straightforward decisions based
on eligibility criteria.

Ultimately, a total of 112 unique studies from 115 articles
[27,30,31,49-158] were eligible for the systematic review, and
97 unique studies from 98 articles were included in the
guantitative meta-analysis. Of these 112 studies, 73 evaluated
motor symptoms, 8 evaluated overall nonmotor symptoms, 26
evaluated cognitive function, 30 evaluated psychiatric
symptoms, and 41 evaluated quality of life. The PRISMA flow
diagram of the study search and selectionis presented in Figure
1

Figurel. The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram for study selection.
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Study Char acteristics

A total of 112 included studies comprising 5594 participants
were identified, among which 84 studies (4658 participants)
were performed in high-income countries, whereas only 28
studies (936 participants) were performed in low- and
middle-income countries (LMICs). According to the
predetermined classification criteria, the DHIsused in 91 studies
were categorized as technology-based rehabilitation devices,
17 asonlineclasses, and 8 asdigital databases. Theintervention
purposes of 74 studies were physical rehabilitation, 28 were
cognitive training, and 17 were care aid.

Active comparators (eg, traditiona and nontechnological
caregiving methods) wereused in 91 trials, whereas others used
passive comparators (eg, waitlist control or no intervention).
The study setting of 51 studies was at home, and that of 55
studies wasin medical institutions. Participantsin the study by
Halpern et a [88] first received intervention in the clinic for 9
sessions and then at home.

Regarding delivery mode, most interventions were delivered
through computers and virtual reality devices; other modes
included wearable sensors, robots, tablets, smartphones, and
others. Most interventions lasted for at least 4 weeks, whereas
4 did not [51,54,92,115]. Among the 39 (34.8%) studies that
reported follow-up assessments, the follow-up duration ranged
from 4 to 24 weeks in 38 studies, except for the study by Yang
et a [143], which implemented a shorter 2-week follow-up
period.

A total of 97 of 112 studieswereincluded in the meta-analysis,
with theremaining 15 retained in the systematic review because
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of unavailable outcome data. A comprehensive summary of the
characteristics of theincluded studiesis presented in Multimedia
Appendix 6.

Quiality of Studies

The methodol ogical limitations assessed by the Cochrane Risk
of Bias 2 tool reveded that >20% of the included studies
exhibited some concerns or high risk in the following domains
(Figure 2): randomization process (postintervention: 53/180,
29% and follow-up: 11/55, 20%), deviations from intended
interventions (postintervention: 95/180, 53% and follow-up:
19/55, 34%), missing outcome data (postintervention: 46/180,
26% and follow-up: 13/55, 24%), and selection of reported
results (postintervention: 96/180, 53% and follow-up: 33/55,
60%). The main sources of bias were inadequate reporting of
randomization methods (eg, lack of explicit allocation
concealment) and failure to blind participants or caregiversin
trials. Regarding motor symptoms, 12 studies were assessed as
having alow risk of bias, 43 studies as having some concerns,
and 18 studies as having ahigh risk of bias. Regarding cognitive
function, 6 studies were assessed as having alow risk of bias,
16 studies as having some concerns, and 4 studies as having a
high risk of bias. Regarding psychiatric symptoms, 4 studies
were assessed as having alow risk of bias, 15 studies as having
some concerns, and 10 studies as having a high risk of bias.
Regarding overall nonmotor symptoms, 5 studieswere assessed
as having some concerns and 3 as having a high risk of bias.
Regarding quality of life, 5 studies were assessed as having a
low risk of bias, 22 studies as having some concerns, and 14
studies as having a high risk of bias (Multimedia Appendix 7).
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Figure 2. Risk of bias across effect estimates at postintervention and follow-up assessments based on the Cochrane Risk of Bias 2 tool for randomized

trials.
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l. Low risk of bias D Some concerns

B High risk of bias |

Effect of DHIson PD Across Different Symptoms

Motor Symptoms

DHls significantly improve motor symptoms (SMD=-0.39,
95% Cl —0.60 to —0.18), while the 95% PI (-1.75 to 0.99)
indicates that the true effect is uncertain and could range from
a substantial benefit to being inferior to the control condition
in future implementations (Figure 3
[27,31,49-53,56-59,61,62,65,68,69,71,72,74-79,82,84-87,
89-97,99,100,103,106,110-113,115-117,119,120,
122-124,126-132,135,136,141-146,151-153,156]). Although
the intervention group had fewer symptoms on average
(SMD=-0.39), the Pl suggestsconsiderablevariability in future
outcomes. DHIs may improve symptoms (SMD=-1.75) in some
populations, while in other populations DHIs may be less
effectivethan control groups (SM D=0.99). Also, DHIsmay not
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affect other populations since the Pl contains the 0 value.
However, only 1 of 73 included studies suggested that DHIs
were inferior to standard training, while both led to
improvements in motor symptoms [89]. Subgroup analyses
revedled no statistically significant differences in pairwise
comparisons among the 3 intervention types (Multimedia
Appendix 8). Only technology-based rehabilitation devices
significantly improve motor symptoms (SMD=-0.36, 95% CI
—0.59 to -0.13, 95% PI —1.80 to 1.07). Neither online classes
nor digital databases exhibited favorable effects, with
SMD=-0.19 (95% CI —0.87 to 0.48) for online classes, and
SMD=-0.76 (95% CI —1.85 to 0.33) for digital databases.
However, the subgroup analysis reveadled no statistically
significant difference in effects across intervention types
(P=.39). Significant heterogeneity was found (1°=80.3%,
P<.001), and the heterogeneity was substantial (1=0.680 and
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12=0.4623). The intervention types did not completely explain
the significant heterogeneity, with 12=81.3% for
technol ogy-based rehabilitation devices (P<.001) and 1°=83%
for digital databases (P<.001). In the follow-up analysis, DHIs
also exhibited significant improvement in the motor symptoms
of patientswith PD (MultimediaAppendix 9). The leave-one-out
analysis obtained a consistent result. The sensitivity analysis of
12 low-risk-of-bias studies showed a significant but modest

Liuetd

benefit of DHIs on motor symptoms (SMD=-0.22, 95% ClI
-0.40 to —0.04), with negligible heterogeneity (1>=0.6%;
1=0.025; 12=0.0006; 95% PI —0.43 to -0.01). The 95% PI
indicated ahigh certainty that the intervention will yield at | east
asmall beneficid effect in future similar study settings. GRADE
ratingsindicated that the certainty of the evidence for the effect
of DHIs on motor symptoms of patients with PD was very low
owing to the high risk of bias of included studies, high

heterogeneity, and potential publication bias (Figure 4).

Figure 3. Forest plot of the metaanadysis of digital health interventions efficacy on postintervention motor symptoms
[27,31,49-53,56-59,61,62,65,68,69,71,72,74-79,82,84-87,89-97,99,100,103,106,110-113,115-117,119,120,122-124,126-132,135,136,141-146,151-153,156] .
Standardized mean differences (SMDs) with 95% Cls were calculated using a random-effects model. Negative SMD values favor the experimental
intervention. Subgroup analyses were performed by intervention type (technology-based rehabilitation devices, online classes, digital databases). The
square represents the individual study estimate. The rhombus shape represents the pooled estimates of the lowest accuracy in all studies. P values are

shown as p.
Experimental Control Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD 95%~C1 Weight
Technology-based rehabilitation devices
Albert, 2023 25 - 1256 22 080 1234 - -014 [-0.72; 0.43] 16%
Allen, 2017 18 020 699 19 0.50 7.40 - -0.04 [-0.69; 0.60] 1.5%
Bartolo, 2024 26 =770 460 26 -4.70 410 il -0.68 [-1.24; -0.12] 1.6%
Bernini, 2019 17 -B77 1248 18 -B20 1230 = -0.04 [-0.71; 062 1.5%
Calabrd, 2019 25 =500 755 25 -400 8.54 E 3 =012 [-068: 0.43] 16%
Capecci, 2019 48 -280 420 48 -360 580 = 016 [-024: 056] 1.7%
Carda, 2012 14 -D04 281 14 -009 266 - 002 [-072; 0.76] 14%
Carpinella, 2016 17 -300 680 20 -320 720 = 003 [-062; 067] 15%
Getin, 2024 10 -2.00 289 10 -1.00 1.63 =041 [-1.30; 0.48] 1.3%
Da Silva, 2022 18  -2867 094 20 -1.00 112 - -1.57 [-2.31;-0.84] 1.4%
Das, 2024 20 -600 1711 20 -3.00 1185 = -0.20 [-0.82; 0.42] 1.5%
De, 2025 16 -941.40 1219.50 18 -290.10 1236.40 -I"I =052 [-1.20; 0.17] 1.5%
Dhamija, 2025 3% =674 1107 28 ~-754 1052 kg 0.07 [-042; 0.57] 1.6%
Eldemir, 2023 15 =514 541 15 =240 7.38 —.'l- =041 [-1.14; 0.31 1.4%
Eliis, 2019 23 -3060 8408 21 -B70 103.18 - -0.23 [-0.82; 0.26] 1.5%
Feng, 2019 14 -364 125 14 -336 1.93 - =017 [-0.91; 0.58] 1.4%
Ferraz, 2018 20 =-3680 7955 22 -3500 103.47 . 3 =002 [-0.62; 0.59] 1.5%
Furnari, 2017 19 =960 227 18 =540 2.27 - =181 [-2.56:=1.04] 1.4%
Gall, 2016 25 =430 798 25 780 B.75 041 [-0.15: 0.87] 1.6%
Gandolfi, 2017 3 -3T4 547 34 421 ™ - 007 [-0.40; 0.54] 16%
Ginig, 2016 20 -020 1519 18 -277 1449 - 017 [-047; 0.81] 1.5%
Goffredo, 2023 49  -250 080 48 035 080 - | =353 [-4.18,-2.80] 1.5%
Gryfe, 2022 13 220 410 14 1.50 520 - 0.14 [-0.81; 0.90] 14%
Gulcan, 2023 15 =330 330 15 -5.00 3.30 +I— 050 [-0.23 1.23] 14%
Hajebrahimi, 2022 1 =673 647 13 =-577 7.28 - =013 [-0.84; 0.67] 1.4%
Han, 2023 24 -292 136 24 -7.62 1.67 | = 304 [219; 3.89 1.3%
Harpham, 2025 To-1z20 4.80 6 -0.50 3.90 —— =015 [-1.24; 0.94] 1.1%
Hashemi, 2022 15 =233 632 15 -3.88 B.40 - 0.22 [-0.50; 0.93] 14%
Heldman, 2017 8 052 726 9 671 1251 -058 ([-152; 037] 12%
Jaggi, 2023 19 -249 810 21 -001 563 -035 [-0.98; 027] 15%
Johnson, 2024 6 -32633 47676 B -207.62 517.88 —— -022 [-128; 084] 1.1%
Jong-Hoom, 2020 8 -250 093 7 -129 0.95 —— =121 [-234;-008] 1.1%
Kashif, 2022 2 -1.00 052 22 -023 0.54 - =143 [-2.09; -0.76] 1.5%
Kashif, 2024 20 -16.75 828 20 -860 4.59 - =1.19 [-1.87: -0.52] 1.5%
Kawashima, 2022 5 =320 2.50 7 040 0.80 = =196 [-3.44:-047] 08%
Kim, 2022 20 -540 900 21 -240 1320 - -0.26 [-0.87: 0.36] 1.5%
Lai, 2020 10 -3550 3000 10 -135 50,00 -079 [-171: 042]  13%
Liao, 2015 12 -541 137 12 -433 115 -0.82 (-166 002] 1.3%
Maranesi, 2022 16 -1.30 082 14 -110 1.44 - =017 [-0.89; 0.55] 14%
McGibbon, 2024 10 -3480 1760 11 140 2040 —— | -1.82 [-287.-077] 1.1%
Meng-Che, 2016 10 -2.30 461 10 -260 418 —— 007 [-0.81; 0.84] 1.3%
Niguwboer, 2007 7 -1.30 302 77 =082 285 » =0.16 [-0.48; (.15 1.7%
Nuvolini, 2025 19 =040 467 19 =220 411 {.— 040 [-0.24; 1.04] 1.5%
Cphey, 2020 37 =054 818 38 =134 8.80 g 008 [-0.36: 0.55] 1.6%
Ozden, 2021 25 =360 587 26 -080 5.46 -I{ =049 [-1.04; 0.07] 1.6%
Patel, 2017 14 =010 749 14 -020 7.59 E = 001 [-0.73; 0.75] 14%
Picelli, 2012 16 -6.3 659 15 0.13 772 — =088 [-1.62,-0.13] 14%
Picelli, 2013 20 -028 008 20 017 016 —&— =349 [-4.50,-247] 12%
Picelli, 2015 33 -448 292 33 -435 586 - =003 [-0.51; 0.45] 1.6%
Pompeu, 2012 16 -070 280 16 -100 1.70 - 013 [-0.57; 0.82] 14%
Qayyum, 2022 8 -as0 097 8 -151 079 —%— | -320 [-4.79;-160] 0.8%
Raciti, 2022 15 -7.00 9.88 9 =500 1114 —_— =019 [-1.01; 0.64] 1.3%
Raglio, 2023 10 -38.00 81.18 9 200 7465 hd =049 [-1.41; 043] 1.3%
Ribas, 2017 10 -1.80 257 10 0.20 277 -0.75 [-1.67; 0.16] 1.3%
Sale, 2013 10 -1308 1278 10 -1582 1207 - 022 [-0B6: 110] 13%
Santos, 2019 13 -530 491 14 -510 550 . -004 [-079: 0.72] 14%
Song, 2018 28 -080 480 25 080 550 L1 -033 [-087; 022] 16%
Spina, 2021 1M -545 197 11 -327 220 —— -1.00 [-1.90;-0.11]  1.3%
van den Heuvel, 2018 17 1.09 890 13 4.96 4.56 - -0.51 [-1.25 0.22] 14%
Yang, 2016 1 255 596 12 =347 8.73 i 073 [-0.12; 1.58] 1.3%
Yen, 2011 14 -0.40 351 14 -010 3.49 - -0.08 [-0.82; 066] 14%
Yuan, 2020 12 -1.00 380 12 -140 6.70 L 007 [-0.73: 0.87] 1.3%
Zoatewei, 2024 25 030 1145 26 =110 1127 4 012 [-0.43; 0.67] 1.5%
Random effects model 1202 1194 + =0.36 [-0.59; -0.13] 86.8%
Heterogeneity; i° = &1,3%, 1= 0.710, ©* = 0.5038, p < 0.001
tg = -3.12 (p = 0.003)
Online classes
Beck, 2017 97 =570 1005 98 -4.90 9.60 = -0.08 [-0.36; 0.20] 1.7%
Dorsey, 2010 6 =030 3.10 3 6.50 4.40 — =172 [-3.44; 0.01] 0T%
Dorsey, 2013 9 -380 B50 11 -120 B.60 —. -038 [-129; 050 1.3%
Pastana Ramos, 2023 8 -150 554 11 -170 680 —-— 003 [-088:; 094] 13%
Random effects model 120 123 - -019 [-0.87; 0.48] 4.9%
Heterogeneity: 1% = 21.1%, + = 0.207, % = 0.0427, p = 0.28
ty=-0.91(p = 0.43)
Digital databases
Flynn, 2021 19 =013 019 20 -0417 0.19 s 021 [-0.42: 0.84] 1.5%
Isaacson, 2019 19 =530 200 20 -100 210 —=— 205 [-284:-126] 1.3%
Khalil, 2017 15 =120 1743 10 410 1827 i =083 [-167: 0.01] 1.3%
Manor, 2013 21 -182 688 21 -084 710 - =0.15 (-0.76: 0.45] 1.5%
Wilkinson, 2018 18 -1190 1131 18 010 10,10 — -1.08 [-1.80;-0.38] 14%
Random effects model 92 89 - -0.76 [-1.85; 0.33] T.0%
Heterogeneity: 1” = 83%, ¢ = 0,762, 1" = 0.6273, p <0.001
ty=-194 {p =0.13)
Technelogy=based rehabilitation devices and digital batabases
Del Pino, 2023 10 080 1097 10 -130 1122 - 0.8 [-0.70; 1.06] 1.3%
Random effects model 1424 1418 + =0.39 [-0.60; -0.18] 100.0%
Prediction interval —— [-1.75; 0.99]
Heterogeneity: I¥ = 80 3%, < = 0,680, * = 0.4623, p < 0.001

Test for overall effect: &7, = =3.64 (p < 0.001) -4 -2 0 2 4
Test for subgroup differences: 73 = 2.99, df = 3 (p = 0.39) Favours Intervention Favours Control
Knapp=Hartung adjustment applied
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Figure4. GRADE (Grading of Recommendations Assessment, Devel opment, and Evaluation) ratings at postintervention assessments.

Digital health intervention compared to convetional intervention/usual care/waitlist group for people with Parkinson’s disease

Summary of findings
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d. 8 of 30 studys are rated at overall high
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I. 95% Confidence Interval crosses null effect

Overall Nonmotor Symptoms

DHIs significantly improved overall nonmotor symptoms [134], suggesting theinstability of thisfinding. GRADE ratings
(SMD=-0.26, 95% CI -0.49 to —0.03, 95% PI -0.56 to 0.03;  indicated that the certainty of the evidencefor the effect of DHIs
12=0; Figure 5 [30,52,65,91,100,120,134,152]). No significant  on overall nonmotor symptoms of patients with PD was low

heterogeneity was observed for the analysis (12=13.8%; P=.32). Owing to the high risk of bias of included studies and serious
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with some limitations for multiple criteria.
-1.82, 0.99]
-0.41, 1.35]
.002)

study being rated at overall low ris k

s for multiple criteria.

The leave-one-out analysis did not obtain a consistent result
after omitting the studies by Dhamija et a [152], and So et al

imprecision (Figure 4).
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Forest plot of the meta-analysis of digital hedth interventions efficacy on postintervention overall nonmotor symptoms

[30,52,65,91,100,120,134,152]. Standardized mean differences (SMDs) with 95% Cls were calculated using a random-effects model. Negative SMD
values favor the experimental intervention. Subgroup analyses were performed by intervention type (technology-based rehabilitation devices, online
classes, digital databases). The square representstheindividua study estimate. The rhombus shape represents the pool ed estimates of the lowest accuracy

in al studies. P values are shown as p.

Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%—-Cl Weight
Technology-based rehabilitation devices :
Dhamija, 2025 35 336541 28 987 1348 —=—— -0.65 [-1.16; -0.14] 11.9%
Heldman, 2017 9 11927 9 1.48 2.89 : -0.10 [-1.02; 0.83] 4.0%
Kim, 2022 20 -1.20 490 21 040 6.70 —_— -0.27 [-0.88; 0.35] 8.5%
Patel, 2017 14 -1.70 759 14 -1.00 7.59 — -0.09 [-0.83; 0.65] 6.1%
Random effects model 78 72 ———— -0.37 [-0.90; 0.16] 30.4%
Heterogeneity: 2=0%,1t=0, =0, p =054 :
ty=-2.22 (p = 0.11) 5_
Online classes
Beck, 2017 97 010377 98 040 202 —— -0.10 [-0.38; 0.18] 30.1%
Digital databases :
Lakshminarayana, 2017 68 -0.34 556 89 042 5.07 —— -0.14 [-0.46; 0.17] 25.6%
Technology-based rehabilitation devices and digital batabases
Del Pino, 2023 10 050132 10 0.70 1.80 — -0.12 [-1.00; 0.76] 4.4%
Technology-based rehabilitation devices, online classes, and digital daiabases
So, 2023 25 -664 916 25 052 783 —=—— -0.83 [-1.41;-0.25] 9.5%
Random effects model 278 294 ’ -0.26 [-0.49; -0.03] 100.0%
Prediction interval — [-0.56; 0.03]
Heterogeneity: 12 = 13.8%, t= 0.102, ©2 = 0.0103, p = 0.32 ' ‘ ' |
Test for overall effect: t; = -2.70 (p = 0.03) -1 =05 0 05 1

Test for subgroup differences: xﬁ =594, df=4 (p =0.20)

Favours Intervention Favours Control

Knapp-Hartung adjustment applied

Psychiatric Symptoms

DHIs significantly improved psychiatric  symptoms
(SMD=-0.42, 95% CI —0.74 t0-0.09), while the 95% Pl (-1.82
t0 0.99) indicatesthat thetrue effect isuncertain and could range
from a substantial benefit to being inferior to the control
condition in  future implementations (Figure 6
[30,52,53,55,57,63,66-68,73,75,77,82,85,87,102,107,
109,111,117,118,120,125,137,139,141,142,145,157,158]).
Although the intervention group had fewer symptoms on average
(SMD=-0.42), the Pl suggestsconsiderablevariability in future
outcomes. DHIsmay improve symptoms (SMD=-1.82) in some
populations, while in other populations DHIs may be less
effective than control groups (SMD=0.99). Also, DHIsmay not
affect other populations since the Pl contains the 0 value.
However, only 1 of 30 included studies suggested that DHIs
were significantly harmful to psychiatric symptoms. Subgroup
analyses revedled no satistically significant differences in
pairwise comparisonsamong theintervention types (Multimedia

https://www.jmir.org/2026/1/€79935
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Appendix 8). No types of DHIsexhibited significantly favorable
effects in the subgroup analysis, with SMD=-0.49 (95% ClI
—0.98 to 0.01) for technology-based rehabilitation devices,
SMD=-0.05 (95% CI —1.89 to 1.79) for digital databases, and
SMD=-0.42 (95% CI -0.98 to 0.13) for online classes.

Significant heterogeneity was found (12=85.4%; P<.001), and

the heterogeneity was substantial (1=0.671; 12=0.4506; 95% P!
—1.82 to 0.99). The intervention types could not completely
explain the significant heterogeneity, with 1°=88.1% for
technology-based rehabilitation devices (P<.001) and 1°=80%
for online classes (P<.001). Inthefollow-up analysis, DHIsdid
not exhibit significant improvement in the psychiatric symptoms
of patientswith PD (Multimedia Appendix 9). The leave-one-out
analysis obtained a consistent result. GRADE ratingsindicated
that the certainty of the evidence for the effect of DHIs on
psychiatric symptoms of patients with PD was very low owing
to the high risk of bias of included studies and high
heterogeneity (Figure 4).
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Figure 6. Forest plot of the metaandysis of digita hedth interventions efficacy on postintervention psychiatric symptoms
[30,52,53,55,57,63,66-68,73,75,77,82,85,87,102,107,109,111,117,118,120,125,137,139,141,142,145,157,158]. Standardized mean differences (SMDs)
with 95% Cls were calculated using a random-effects model. Negative SMD values favor the experimental intervention. Subgroup analyses were
performed by intervention type (technol ogy-based rehabilitation devices, online classes, digital databases). The square represents the individual study
estimate. The rhombus shape represents the pooled estimates of the lowest accuracy in all studies. P values are shown as p.
Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight

Technology-based rehabilitation devices

Bernini, 2019 17 0.00 1.61 18 -0.10 1.45 0.06 [-0.60; 0.73] 3.4%
Carda, 2012 14 -055 816 14 1.35 5.99 -0.26 [-1.00; 0.49] 3.2%
De Luca, 2019 30 -3.10 8.46 30 -1.90 7.47 -0.15 [-066; 0.36] 3.7%
Fellman, 2020 26 -123 247 25 042 296 -0.60 [-1.16; -0.04] 3.6%
Ferraz, 2018 20 -0.31 414 22 -0.83 3.64 013 [-047; 0.74] 3.5%
Furnari, 2017 19 -090 065 19 -0.80 0.65 -0.15 [-0.79; 0.49] 3.4%
Ginis, 2016 20 -3.80 18.21 18 -3.13 20.04 -0.03 [-0.67; 0.60] 3.4%
Gryfe, 2022 13 -050 260 14 -1.10 2.90 0.21 [-0.55; 0.97] 3.2%
Hajebrahimi, 2022 11 -218 586 13 -1.46 7.02 -0.11 [-0.91; 0.70] 3.1%
Kraepelien, 2020 38 -098 054 39 054 0.53 -2.81 [-3.45;-217] 3.4%
Maggio, 2024 12 -3.00 478 10 -0.70 5.82 -042 [-1.27; 043] 3.0%
Maranesi, 2022 16 -1.30 046 14 0.00 040 -2.92 [-3.99; -1.85] 2.5%
&zden, 2021 25 -5.80 1390 26 260 7.80 -0.74 [-1.31;-0.17] 3.6%
Paris, 2011 16 -0.13 233 12 -0.25 1.15 0.06 [-0.69; 0.81] 3.2%
Patel, 2017 14 -450 485 14 -3.20 5.10 -0.25 [-1.00; 0.49] 3.2%
Tayyebi, 2025 45 -12.80 4.75 45 -1.60 5.37 -2.19 [-2.72;-1.66] 3.6%
van Balkom, 2022 68 020 4.16 68 1.30 4.37 -0.26 [-0.59; 0.08] 4.0%
van den Heuvel, 2018 16 1.18 122 12 -0.37 0.84 140 [055; 2.24] 3.0%
Yuan, 2020 12 -11.40 21.50 12 -5.30 14.30 -0.32 [-1.13; 048] 31%
Random effects model 432 425 -0.49 [-0.98; 0.01] 62.8%
Heterogeneity: 1* = 88.1%, t = 0.877, 1% = 0.7693, p < 0.001

t1g = —2.05 (p = 0.06)

Online classes

Beck, 2017 97 020 276 98 0.00 2.52 3 0.08 [-0.21; 0.36] 4.0%
Bogosian, 2022 30 -1.70 3.61 30 -0.40 3.10 . -0.38 [-0.89; 0.13] 3.7%
Dobkin, 2020 37 -6.53 540 35 027 7.34 - -1.05 [-1.54;-0.55] 3.7%
Dobkin, 2021 45 -6.03 467 45 -0.23 4.65 B -1.23 [-1.69;-0.78] 3.8%
Dorsey, 2010 6 -0.30 1.50 4 -0.50 0.60 —— 0.15 [-1.12; 1.41] 2.2%
Piers, 2023 6 -9.90 4.41 6 -4.00 7.80 —I—|~ -0.86 [-2.06; 0.35] 2.3%
Pinto, 2025 25 -3.48 3.67 19 -2.80 4.35 —. -0.17 [-0.77; 0.43] 3.5%
Svaerke, 2022 8 -0.25 6.05 8 -2.76 5.47 B 0.41 [-058; 1.40] 2.7%
Random effects model 254 245 - -0.42 [-0.98; 0.13] 25.8%
Heterogeneity: /* = 80%, t = 0.877, t° = 0.3136, p < 0.001 :

t7=-1.80(p =0.11)

Digital databases :

Lakshminarayana, 2017 68 0.11 3.70 89 0.39 3.82 I -0.07 [-0.39; 0.24] 4.0%
Wilkinson, 2018 18 -0.50 4.16 18 -0.70 3.90 e 0.05 [-0.60; 0.70] 3.4%
Random effects model 86 107 --#—- -0.05 [-1.89; 1.79] 7.4%
Heterogeneity: 1= 0%, 1t=0, = 0, p=074 :

t1 =-0.35(p = 0.79)

Technology-based rehabilitation devices and online classes ;

Maas, 2024 98 -1.00 7.07 94 -0.50 6.98 = -0.07 [-0.35; 0.21] 4.0%
Random effects model 870 871 L -0.42 [-0.74; -0.09] 100.0%
Prediction interval —— [-1.82; 0.99]
Heterogeneity: 12 = 85.4%, 1 = 0.671, 1% = 0.4506, p < 0.001 ' |

Test for overall effect: t,g = -2.63 (p = 0.01) -2 0 2

Test for subgroup differences: xg =4.08,df =3 (p = 0.25) Favours Intervention Favours Control

Knapp—-Hartung adjustment applied

Coanitive Euncti [50,52-54,59,62,65,68,73,80,82,85,87,92,108,

ognitive Function 100,112,116,118,126,135,137,139,140,155,156]). Although the
DHls significantly improve cognitive function (SMD=0.47, intervention group had fewer symptoms on average
95% Cl 0.22t00.72), v_vhi lethe 9_5% Pl (-0.41to1.35)indicates (SMD=0.47), the Pl suggests considerable variability in future
that the true effect is uncertain and could range from a outcomes. DHIs may improve symptoms (SMD=1.35) in some
substantial benefit to being inferior to the control conditionin  populations, while in other populations DHIs may be less
future implementations (Figure 7 effective than control groups (SMD=-0.41). Also, DHIs may
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not affect other populations since the PI contains the O value.  gubstantial (1=0.415 and 12=0.1723). The intervention types

*_'0““_’9_’9“ no_included StUd.ie.ﬁ wggeﬁed that DHIs were could not explain the significant heterogeneity, with 1°=68.2%
significantly harmful to cognitive function. Technology-based for technology-based rehabilitation devices (P<.001). In the
rehabilitation devices demonstrated significantly greater follow-up assessment, DHIs also exhibited significant
ngl\[;lrgv_ e(;ngﬂgg;gngllv eglérlctlon %ogw7par§v(\)/2rgw.or:\ll:nlepla;$ improvement in the cognitive function of patients with PD
,(A :j ’ 5 ' T ho | t.)aseéoehéb'l" L d ;MU t'hn:) 5 (Multimedia Appendix 9). The leave-one-out analysis obtained
5 gﬁﬁc?c;t i)r.np?gvre]?ngng{i-n cognritive ;L:;?:i(:)r;si? ;‘; gté vlvtith aconsistent result. GRADE ratings indicated that the certainty

. of the evidence for the effect of DHIs on the cognitive function
PD (SMD=0.53, 95% CI 0.24 to 0.82), but not online classes of patients with PD was low owing to high heterogeneity and
(SMD=0.14, 95% CI —0.44 to 0.72). Significant heterogeneity potential publication bias (Figure 4)

was found (1°=63.5%; P<.001), and the heterogeneity was

Figure 7. Forest plot of the metaanalysis of digita health interventions efficacy on postintervention cognitive function
[50,52-54,59,62,65,68,73,80,82,85,87,92,108,109,112,116,118,126,135,137,139,140,155,156]. Standardized mean differences (SMDs) with 95% Cls
were caculated using a random-effects model. Negative SMD values favor the experimental intervention. Subgroup analyses were performed by
intervention type (technology-based rehabilitation devices, online classes, digital databases). The sguare represents the individual study estimate. The
rhombus shape represents the pooled estimates of the lowest accuracy in al studies. P values are shown as p.

Experimental Control Standardised Mean
Study Total Mean SD Total Mean sSD Difference SMD 95%-Cl Weight
Technology-based rehabilitation devices
Allen, 2017 19 100 260 19 140 250 —— -0.15 [-0.79;0.48] 4.2%
Bernini, 2019 17 270 310 18 -0.06 3.41 —— 0.83 [0.13;1.52] 3.9%
Bernini, 2021 18 236 273 12 057 340 T 0.58 [-0.17;1.33] 3.7%
Das, 2024 20 560 89 20 180 874 - 0.42 [-0.21;1.05] 4.2%
Fellman, 2020 26 296 688 25 531 1196 = -0.24 [-0.79;0.31] 4.6%
Giehl, 2020 36 190 425 36 010 470 L 0.40 [-0.07;0.86] 5.1%
Ginis, 2016 20 1495 31.33 18 -10.16 41.01 e 0.68 [0.02;1.34] 4.1%
Gryfe, 2022 13 340 330 14 060 3.50 — 0.80 [0.01;1.59] 3.5%
Hajebrahimi, 2022 11 227 194 13 023 435 - 0.57 [-0.25;1.39] 3.4%
Jaggi, 2023 19 137.69 21112 21 -35.24 292.39 e 0.66 [0.02;1.30] 4.2%
Maggio, 2018 10 170 329 10 -030 287 - 0.62 [-0.28;1.52] 3.0%
Maggio, 2024 12 170 170 10 -040 200 —— 110 [0.19;2.01] 3.0%
McGibbon, 2024 13 290 240 14 040 3.10 —=— 0.87 [0.07;1.67] 3.5%
Ophey, 2020 37 017 055 38 013 0.60 = 0.07 [-0.38;0.52] 5.2%
Paris, 2011 16 043 120 12 -0.16 1.67 ~|—E— 0.40 [-0.35;1.16] 3.6%
Pompeu, 2012 16 160 270 16 140 190 — 0.08 [-0.61,0.78] 3.9%
Song, 2018 28 060 200 25 050 1.80 — 0.05 [-0.49;0.59] 4.7%
van Balkom, 2022 68 -020 213 68 000 225 = -0.09 [-0.43;0.25] 5.8%
van de Weijer, 2020 21 111 037 20 -0.03 0.55 : —u— 240 [1.58;3.22] 3.4%
Cetin, 2024 10 200 074 10 000 074 . —=—— 259 [1.34,3.84] 20%
Nuvolini, 2025 19 130 411 19 090 422 —E - 0.09 [-0.54;0.73] 4.2%
Maggio, 2025 10 237 086 10 137 086 ——— 111 [0.16;2.07] 2.8%
Random effects model 459 448 < 0.53 [0.24;0.82] 86.1%
Heterogeneity: 12 = 68.2%, t = 0.477, t° = 0.2276, p < 0.001 ;
ty1 =3.82 (p =0.001)
Online classes
Beck, 2017 97 060 276 98 020 252 I!- 0.15 [-0.13;0.43] 6.1%
Dorsey, 2010 6 -050 1.50 4 -050 2.60 — 0.00 [-1.27;1.27] 2.0%
Svaerke, 2022 8 162 926 8 013 14.44 —— 0.12 [-0.86; 1.10] 2.8%
Random effects model 111 110 ‘ 0.14 [-0.44; 0.72] 10.8%
Heterogeneity: 12=0%,t=0, ©*°=0, p =097
t2 =1.05 (p = 0.40)
Technology-based rehabilitation devices and digital batabases :
Del Pino, 2023 10 180 270 10 060 3.18 —E— 0.39 [-0.50;1.28] 3.1%
Random effects model 580 568 * 0.47 [0.22; 0.72] 100.0%
Prediction interval -— [-0.41; 1.35]
Heterogeneity: 1% = 63.5%, t = 0.415, t = 0.1723, p < 0.001 T T
Test for overall effect: to5 = 3.92 (p < 0.001) -3 -2 -1 0 1 2 3
Test for subgroup differences: xg =4.08,df=2(p =0.13) Favours Control Favours Intervention
Knapp—-Hartung adjustment applied
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Quality of Life

DHIs did not improve quality of life in patients with PD
(SMD=-0.19, 95% CI —0.47 t0 0.09), and the 95% PI (-1.50 to
1.12) dso indicates the uncertain true effect (Figure 8
[27,30,31,50,52,58,59,61,62,65,68,69,71,72,75,79,83,85,87,
91,9397,102,107,111,115118-121,129132 134136133 141,143 152, 1565,157]).
Subgroup analyses revedled no dtatistically significant
differences in pairwise comparisons among the intervention
types (Multimedia Appendix 8). The anaysis of each
intervention type obtai ned aconsistent result, with SMD=-0.13
(95% CI —0.52 to 0.25) for technology-based rehahilitation
devices, SMD=-0.24 (95% CI —0.77 t0 0.29) for online classes,
and SMD=-0.19 (95% CI —9.86 to 9.49) for digital databases.

https://www.jmir.org/2026/1/€79935
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Significant heterogeneity was found (12=81.2%; P<.001), and

the heterogeneity was substantial (1=0.634; 12=0.4053; 95% P!
—1.50 to 1.12). The intervention types could not completely

explain the heterogeneity, with 12=84.1% for technol ogy-based

rehabilitation devices (P<.001) and 1°=53.6% for online classes
(P=.04). The follow-up analysis indicated a consistent result
(Multimedia Appendix 9). The leave-one-out analysis obtained
aconsistent result. GRADE ratings indicated that the certainty
of the evidence for the effect of DHIs on quality of life of
patients with PD was very low owing to the high risk of bias of
included studies, high heterogeneity, and serious imprecision
(Figure 4).
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Figure 8. Forest plot of the metaanalysis of digita heath interventions efficacy on postintervention quality of life
[27,30,31,50,52,58,59,61,62,65,68,69,71,72,75,79,83,85,87,91,93,97,102,107,111,115,118-121,129,132,134,136-138,141,143,152,155,157]. Standardized
mean differences (SMDs) with 95% Cls were calculated using a random-effects model. Negative SMD values favor the experimental intervention.
Subgroup analyses were performed by intervention type (technol ogy-based rehabilitation devices, online classes, digital databases). The square represents
theindividual study estimate. The rhombus shape represents the pooled estimates of the lowest accuracy in all studies. P values are shown as p.

Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%~-CIl Weight

Technology-based rehabilitation devices

Allen, 2017 19 070 3.24 19 -1.70 1.54 L 093 [0.25; 1.60] 2.6%
Capecci, 2019 48 -6.20 1210 48 -9.30 8.90 0.29 [-0.11; 0.69] 3.0%
Carpinella, 2016 17 -1.80 1211 20 -230 885 = 0.05 [-0.60; 0.69] 2.6%
Cetin, 2024 10 -3.00 170 10 -460 6.44 = 0.33 [-0.56; 1.21] 2.2%
Da Silva, 2022 18 -2.82 233 20 -1.84 2.21 B -042 [-1.07; 0.22] 26%
Das, 2024 20 -2.50 533 19 -2.80 8.30 = 0.04 [-0.59; 0.67] 2.6%
Dhamija, 2025 35 -200 309 28 -286 3.12 I= 0.27 [-0.23; 0.77] 2.9%
Eldemir, 2023 15 -6.45 17.81 15 -6.04 16.21 = -0.02 [-0.74; 0.69] 2.5%
Ellis, 2019 23 060 126 21 1.20 0.85 =I -0.54 [-1.15; 0.06] 2.7%
Ferraz, 2018 20 -10.80 25.98 22 -5.30 23.58 =I -0.22 [-0.83; 0.39] 27%
Gandolfi, 2017 36 -6.56 15.17 34 -6.32 15.95 = -0.02 [-0.48; 0.45] 2.9%
Glicia Pedreira, 2013 16 -9.14 1243 16 1.88 9.37 = -0.98 [-1.71,-0.24] 2.5%
Gryfe, 2022 13 -450 590 14 0.50 7.80 -0.70 [-1.48; 0.08] 24%
Hajebrahimi, 2022 11 -18.00 24.00 13 -15.85 32.22 = -0.07 [-0.88; 0.73] 2.3%
Heldman, 2017 9 470 9.62 9 1.79 6.56 = 0.34 [-0.60; 1.27] 21%
Johnson, 2024 6 10.26 36.72 8 -14.12 28.00 +I— 071 [-0.39; 1.82] 1.9%
Kawashima, 2022 5 =-3.70 6.00 7 -1.30 220 -5 -0.53 [-1.71; 0.64] 1.8%
Kraepelien, 2020 38 -514 1.81 39 1.58 1.77 = | -3.72 [-4.47,-297] 2.4%
Maggio, 2025 10 -5.37 258 10 -4.26 1.72 = -0.48 [-1.38; 041] 22%
Maranesi, 2022 16 -1.50 0.66 14 0.00 0.70 5 | -2.15 [-3.07;-1.23] 21%
Nieuwboer, 2007 76 -2.00 226 77 -1.80 0.97 -0.11 [-0.43; 0.20) 3.1%
Paris, 2011 16 231 635 12 -8.75 3.82 | E 3 1.98 [1.05 291] 2.1%
Patel, 2017 14 -0.20 410 14 -0.60 5.10 L 0.08 [-0.66; 0.83] 2.5%
Raglio, 2023 10 -0.20 2.01 9 -0.50 2.21 = 014 [-0.77; 1.04] 2.2%
Santos, 2019 13 -6.49 7.00 14 -13.51 2.93 |—B— 1.29 [045; 213] 2.3%
Spina, 2021 11 -15.49 11.97 11 -12.22 8.57 -ﬂl- -0.30 [-1.14; 0.54] 2.3%
van den Heuvel, 2018 16 1.14 15.24 12 -0.92 6.29 -II- 0.16 [-0.59; 0.91] 24%
Yang, 2016 11 -5.34 11.96 12 -5.27 11.86 = -0.01 [-0.82; 0.81] 2.3%
Random effects model 552 547 -0.13 [-0.52; 0.25] 68.1%
Heterogeneity: I = 84.1%, = 0.780, 1° = 0.6085, p < 0.001

tay ==0.71(p = 0.49)

Online classes

Beck, 2017 97 -0.40 1005 98 -0.80 9.34 0.04 [-0.24; 0.32] 3.2%
Dorsey, 2010 6 -3.40 8.00 4 1030 7.20 —B—{ -1.60 [-3.15; -0.06] 1.3%
Dorsey, 2013 9 -4.00 9.90 11 -6.40 9.80 5 0.23 [-0.65; 1.12] 22%
Pastana Ramos, 2023 8 -780 742 11 630 9.33 —I~| -1.57 [-2.63;-0.50] 1.9%
Peacock, 2021 13 -4.70 10.00 12 090 8.04 L1 -0.59 [-1.40; 0.21] 2.3%
Pinto, 2025 25 -2.80 435 19 -2.16 3.67 = -0.15 [-0.75; 0.44] 2.7%
Svaerke, 2022 8 -1.13 9.66 8 -0.74 14.44 . 3 -0.03 [-1.01; 0.95] 2.1%
Theodoros, 2015 15 -1.30 292 16 -2.00 1.61 & 029 [-0.42; 1.00] 25%
Random effects model 181 179 4 -0.24 [-0.77; 0.29] 18.2%
Heterogeneity: 1= 53.6%, t=0.378, = 0.1426, p = 0.04

t;=-1.08 (p =0.32)

Digital databases

Isaacson, 2019 19 =510 160 20 -3.50 1.60 | -0.98 [-1.65; -0.31] 2.6%
Lakshminarayana, 2017 68 094 4.01 89 -0.68 1.79 = 054 [0.22; 0.87] 3.1%
Random effects model 87 109 —— ()19 [-9.86; 9.49] 5.7%
Heterogeneity: I* = 93.8%, t = 1.044, * = 1.0896, p < 0.001

ty =-0.25 (p = 0.85)

Technology-based rehabilitation devices and online classes

Maas, 2024 104 -3.80 12.80 100 -1.40 12.60 [+ -0.19 [-0.46; 0.09] 3.2%
Technology-based rehabilitation devices and digital batabases

Del Pino, 2023 10 -1.40 0.78 10 -0.10 1.20 . _F -1.23 [-2.20; -0.26] 21%
Technology-based rehabilitation devices, online classes, and digital databasas

So, 2023 25 -238 490 25 -164 422 & -0.16 [-0.71; 0.40) 2.8%
Random effects model 959 970 =0.19 [-0.47; 0.09] 100.0%
Prediction interval [-1.50; 1.12]
Heterogeneity: 12 = 81.2%, t = 0.637, +° = 0.4053, p < 0.001

Test for overall effect: t49 = =1.37 (p = 0.18) -5 0 5

Test for subgroup differences: x: =445 df =5 (p =049) Favours Intervention Favours Control

Knapp-Hartung adjustment applied

Publication Bias —-0.45; P=.02) and cognitive function (intercept=2.54, 95% ClI

—1.12t0 3.97; P=.002) of patientswith PD. Further, trim-and-fill
Small-study effect was assessed viavisual inspection of afunnel  analysis (Multimedia Appendix 10) was performed, and we
plot and Egger test (Multimedia Appendix 10). The Egger test  observed that the effects were no longer significant for both
indicated a significant small-study effect in the analysis of the  motor symptoms (SMD=-0.04, 95% Cl —0.29 to 0.21) and
effect of DHIs on motor (intercept=—2.07, 95% CI —3.69 t0  cognitive function (SMD=0.16, 95% CI —0.14 to 0.47).
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M eta-Regressions

To explore potential sources of significant heterogeneity, we
performed univariate meta-regression analyses examining 3
individual-level and 8 study-level variables (Multimedia
Appendix 11), and we al so present bubble plotsto visualize the
relationship involving the continuous variables (Multimedia
Appendix 12). We conducted multivariable meta-regressions
using the variables mentioned above as predictors of
between-study variance when 2 or more variables accounted

for R%. In the analysis of cognitive functions, 2 of these study
variables accounted for R*: mean age of participants (model Q
statistic [QM]=0.08; P=.78; R°=0.49%) and intervention setting
(QM=1.16; P=.29; R°=8.88%), with atotal R?=1.38% (P=.53).
There are 4 variables associated with the improvement of
psychiatric symptoms with a total R?=9.83% (P=.35): the
percentage of female participants (QM=2.73; P=.11; R*=7.42%),
publication year (QM=3.39; P=.08; R*=4.93%), country income
level (QM=0.38; P=.54; R*=2.64%), and intervention purpose
(QM=1.44; P=.25; R?=11.19%). Asfor motor symptoms, mean
age of participants (QM=4.22; P=.04; R’=2.96%) and
supervision mode (QM=1.50; P=.22; R?=3.96%) may explain
part of the heterogeneity, with a total R?=9.42% (P=.04).
Supervision mode (QM=1.41; P=.25; R°=10.38%) and mean
age (QM=0.90; P=.35; R?=.64%) moderated the effect of DHIs
on quality of life with a total R? of 14.56% (P=.14). These
meta-regression results should be interpreted as exploratory.
The low R? values indicate that the factors account for only a
small proportion of the total heterogeneity. It reminds us that
the variability in intervention effectsislikely due to acomplex
combination of clinical and methodological factors not fully

captured here. Nevertheless, these findings generate valuable
hypotheses for future research.

Reach, Fidelity, and Feasibility of DHIs

Most studies reported their eligible population and participant
enrollment (Multimedia Appendix 13). A total of 94 studies
reported on intervention reach with a median reach of 37.5%
(range 4.5%-94.7%), and al included studies reported the
randomly assigned populations, with a median of 50% (range
30.6%-100%) randomly assigned to the intervention groups. A
total of 38 studies reported intervention fidelity, revealing a
high degree of fidelity across a diverse range, of which 34
reported percentage fidelity with a median of 95.7% (range
26.7%-100%), and another 4 studies provided relevant
information regarding fidelity. Dropout rates were reported in
105 studies, with a median of 9.1% (range 0%-61.1%).

A total of 32 studiesreported that the interventionswerefeasible
to deliver with high satisfaction, adoption, preference for
interventions, high interest, high retention rates, convenience,
high acceptance, reliability, safety, comfort, flexibility, high
adherence, cost-effectiveness,  user-friendliness,  high
recruitment, and high fidelity. Only 5 of these reportswerefrom
LMICs. A total of 35 studiesdid not mention feasibility directly,
but they reported a high rate of usability, no serious adverse
events, favorabl e satisfaction ratings, willingnessto recommend

https://www.jmir.org/2026/1/€79935
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to others, low cost, high participant interactivity, and low
dropout rate. The remaining 44 studies did not report any data
on feasihility.

Discussion

In contrast to previous reviews focusing on single DHI
modalities or specific symptoms, this is the first systematic
review and meta-analysis to comprehensively evaluate the
effectiveness of all existing DHIs across motor symptoms,
nonmotor symptoms, and quality of life in patients with PD,
while providing a concurrent analysis of implementation
feasibility. In this review, we systematically evaluated the
effectiveness and implementation of currently reported DHIs
in patients with PD, collecting data from 97 RCTs, including
4404 participants from 24 countries. Favorabl e postintervention
effects of DHIs were found over control groups on motor
symptoms and specific nonmotor domains (cognitive function,
psychiatric symptoms, and overall burden), with the
improvement of motor symptoms and cognitive function stable
at follow-up assessments. However, substantial and unexplained
heterogeneity was detected, and studieswith amoderateto high
risk of biasaccounted for ahigh proportion; hence, the GRADE
approach rated the overall certainty of evidence aslow to very
low. The wide 95% PIs indicate substantial heterogeneity,
suggesting that the true effect remains uncertain. Future
implementations might find DHIs produce strong benefits in
some populations, yet be ineffective or even worse than control
in others, with the results spanning from no effect to a clear
positive or negative outcome. In addition, a high proportion of
the included studies were assessed as having moderate to high
risk of bias, which calls for more rigorously designed studies
inthefuture. Therefore, clinicians should interpret these findings
with caution. Additionally, we summarized the reach, fidelity,
and feasibility of DHIs, which is valuable for the design of
future trials as well as clinical decision-making regarding the
application of DHIs. Thisreview bringsto the field an updated
and integrative evidence that can inform clinical
decison-making and guide the design of future DHIs. In
real-world implications, our findings highlight that while DHIs
hold promisefor scalable and accessible PD management, their
clinical application should be cautious, personalized, and
supported by further high-quality evidence, especialy in
underserved regions.

Previously reported meta-analyses of the use of DHIs in PD
mostly focus on the effects of virtual reality technology
[159-167], and others focused on telemedicine [168-170],
computerized cognitive training [20], robot-assisted training
[112,171-174], mobile app [109,175], and wearabl e technology
[51,176,177]. A recent umbrella review including 8
meta-analyses showed that virtual reality training significantly
improved motor performance, mainly including balance ability
and stride length in patients with PD [178]. A meta-analysis
found that robot-assisted gait training was helpful for the
improvement of motor function and balance function [179],
while another showed that the efficacy was very uncertain [180].
All of the above meta-analyses were based on a specific type
of technology, and their outcomes focused primarily on
improvements in motor symptoms. A recent network
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meta-analysis compared 4 technology-based interventions
(internet-based, proprioceptive, robot, and virtual reality) and
found that the virtual reality—based intervention fares the best
interms of improving motor symptoms and quality of life[181].
Notably, no study in thefield of PD hasincluded all RCTsthat
met the definition of DHIsand conducted a systematic synthesis.
With technological advancements leading to arapid expansion
of DHI applicationsin PD, acomprehensive analysis of existing
DHI modalitiesin PD isessential to establish an evidence-based
framework for guiding future devel opment.

Our review included al types of DHIs, systematically
categorizing them by type, purpose, and implementation
characteristics while focusing on the 5 key health outcomesin
PD. Regarding motor symptoms and cognitive function, our
findings are consistent with most previous meta-analyses that
DHIs are effective compared with control groups. In addition,
weidentified significant small-study effects, acritical issuethat
has not been reported in prior studies. This may reflect
publication bias, whereby smaller studies with null results
remain unpublished; genuine heterogeneity between smaller
and larger trials is also one of the important sources of
small-study effects. We used the trim-and-fill method to estimate
and adjust for the number and outcomes of missing studies, and
the postintervention effects on both motor symptoms and
cognitive function became statistically insignificant. Thisimplies
that small-study effects might have animpact on these outcomes,
and the wide 95% Pl s emphasize the uncertainty of the benefits
of DHIs. Theseresults highlight the need for further high-quality
studieswith larger sample sizesand rigorous designsto provide
more definitive evidence for updated meta-analyses. For
psychiatric symptoms, although the result was statistically
significant, it must be interpreted with caution due to the very
low certainty of evidence according to the GRADE framework.
Thislow rating may be driven by several factors: the wide 95%
Pls, substantial heterogeneity, and ahigh risk of biasacrossthe
included studies.

As for overall nonmotor symptoms, although the results were
statistically significant, they should be considered with caution
due to the small sample size. Notably, So et al [134] and
Dhamija et al [152] were the only 2 trials among 8 to report
significant improvementsin nonmotor symptoms, and omitting
either of them would result in a null effect of the result. It is
potentially attributable to its multimodal design (face-to-face
education, telecounseling, and smartphone or wearable tools)
and early-stage PD cohort. Hence, we did not use the results as
apoint of reference. In terms of quality of life, unlike previous
studies, we did not find a significant improvement. It may be
because the majority of scales measuring quality of life are
self-reported, such asthe most widely used Parkinson’s Disease
Questionnaire-39. It lacks high sensitivity for detecting mild to
moderate improvements in quality of life, particularly for
patients with PD with milder symptoms (Hoehn and Yahr stage
<3) [182]. In addition, most studies tend to consider quality of
life as a secondary outcome, which may affect the design of
DHIs. Moreover, complex or long-term interventions may
impose an additional burden on patients. Standardized quality
of life instruments evaluate a multidimensional construct
including emotional well-being, social support, and
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communication abilities, but the most widely discussed
applications of DHIs in PD were motor or cognitive training.
Therefore, improvements in isolated domains (eg, mobility or
cognitive function) may not substantially enhance overall quality
of life. Future DHIs should adopt a user-centered design
approach to improve accessibility, reduce treatment-related
burdens, and optimize patient experience.

Of theincluded studies, the majority reported reach or fidelity,
and some researchers further reported the feasibility of the
intervention. Nearly half of the researchers mentioned that the
intervention was feasible and provided quantitative data and
qualitative interpretation. This implies that researchers are
conscioudly valuing the feasibility of their interventions.
However, the existing problem isthe lack of awidely accepted
framework for evaluating them, which makes comparing the
feasibility of different DHIs across studies challenging. In this
review, when analyzing feasibility, we extracted data on reach,
fidelity, and dropout rates and summarized the authors
definitions and explanations related to the feasibility of DHIs
as mentioned in the study. For those not directly mentioning
feasibility, we also extracted information that may be relevant,
including satisfaction, adverse effects, user-friendliness, and so
on. Some studies reported high safety with few adverse events
[61,85,114,119,133,149], as DHIs that provide rea-time
surveillance of patients can detect unexpected conditions
promptly. Furthermore, physical therapy that incorporates digital
technology can help prevent falls and freezing of gait [22] during
the training process, such as through the use of robot-assisted
gait training [179,183]. The reasons for patients dropping out
may include the complexity of the intervention system, and
face-to-face guidance before DHIs may increase adherence
[184]. Future studies should take into account the
aforementioned factors to design more feasible intervention
protocols.

The included studies exhibited substantial heterogeneity. The
primary source of heterogeneity may be that all DHIs were
comprehensively summarized rather than a specific type. The
types of DHIs range from the simplest intervention designs of
only watching relevant videos to more complex designs
involving specifically developed robotic devices and even using
multiple digital tools simultaneously. Therefore, we conducted
subgroup analyses according to the intervention type, yet
substantial heterogeneity persisted within subgroups. Although
only the technology-based rehabilitation devices subgroup of
the 3 subgroups showed a statistically significant pooled effect
on motor symptoms, the test for subgroup differences was not
significant; therefore, these findings should not be interpreted
as evidence that this subgroup is superior to the other 2
subgroups. Moreover, whilethe original RCTsmay demonstrate
that aspecifically designed DHI is superior to the control group,
they do not imply that individuals using different DHIs across
trialswererandomized. Therefore, such cross-trial comparisons
areinvaid for establishing causal relationships between different
types of DHIs. Consequently, observed subgroup effects may
reflect differences in study populations, intervention intensity,
comparators, durations, or outcome instruments across studies,
rather than genuine differences between the DHIs themselves.
Metaregression revealed that the percentage of female
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participants, mean age, intervention setting, publication year,
country income level, intervention purpose, and supervision
mode might explain a modest portion of the 12 heterogeneity.
Whilewe cannot fully account for all heterogeneity, thisfinding
suggests that the effectiveness of DHIs may vary depending on
individual patient characteristics and supervision mode.
Therefore, comprehensive consideration of these factors is
essential when selecting DHIs for patients. Moreover, the 95%
Pls for every primary outcome were wide and consistently
crossed the null value. This finding shows substantial
heterogeneity and indicates that the effect of DHIs in future
settings could range from being less effective than the control
condition to being clearly beneficial due to this clinical and
methodological diversity. It reminds us that the same
intervention may not work equally well for every patient. Hence,
clinicians should consider patient responses individually, and
future research could aim to identify which types of DHIs are
most suitable for specific patient groups.

Clinicians should interpret our findings and their applicability
to local settings with caution, as 75% of participants were
recruited from high-income countries. The effectiveness and
feasibility of these DHIsmay differ substantialy in LMICsdue
to variations in resources, infrastructure, and cultural context.
Future research in LMICs is critically needed to provide
evidence that is generalizable to these settings. As a mgjority
of the world’s population has access to mobile technologies
[185], theimplementation of digital technology in LMICscould
potentially help to close the treatment gap [186,187].

Strengths of this review include that only RCTswereincluded,
which are of high evidence quality levels; the review was
conducted strictly by the methodol ogy outlined in the Cochrane
guidelines; alarge number of studies were included, enrolling
alarge population from 24 countries; the review encompassed
abroad range of outcomes, including motor symptoms, overall
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nonmotor symptoms, cognitive functions, psychiatric symptoms,
and quality of life; the Hartung-K napp-Sidik-Jonkman method
was applied to obtain more conservative results; and the 95%
Pl was provided to estimate the potential true effect.

This review aso has limitations. First, this review
comprehensively included various types of DHIs for analysis,
leading to high heterogeneity in the analysis. We explored
heterogeneity through prespecified subgroup analyses and
meta-regression and identified 3 variables accounting for the
heterogeneity significantly, athoughto asmall degree. Second,
weincluded alarge number of studies, which resulted in alonger
period from literature search to manuscript preparation.
Therefore, secondary and third screenings were conducted to
ensure that as many recent studies as possible were
comprehensively included. In addition, we observed possible
publication bias in the analyses; more rigorous studies are
needed to confirm these findings.

In summary, this systematic review provided the first
comprehensive synthesis of evidence across all DHI types for
PD, which distinguishes it from previous reviews that focused
on single technologies or specific outcomes. DHIs were
associated with improvement in motor symptoms, overall
nonmotor symptoms, cognitive function, and psychiatric
symptoms, but not with quality of life, compared with the
non-DHI group. This study supports the potential of DHIsasa
promising nonpharmacological intervention for PD. It brings
tothefield an integrated evidence base that can guidethe design
of future research and inform the careful implementation of
DHIsin clinical practice. However, in real-world implications,
the conclusions should be interpreted with caution given the
wide 95% PlIs, relatively high risk of bias, small-study effects,
and the very-lon GRADE ratings. Therefore, more
well-designed DHIs and high-quality research are urgently
needed, especially in underresourced regions.

We would like to thank the authors of the primary studies for providing the data used in this meta-analysis.

Data Availability

The datasets generated or analyzed during this study are available from the corresponding author on reasonable request.

Funding

Thisresearch wasfunded by the Sichuan Science and Technology Program (grant number 2022ZDZX 0023) and Chengdu Science
and Technology Project Key Research and Devel opment Support Program (grant number 2024-Y FO8-00038-GX).

Authors Contributions

RL and SZ contributed to conceptuali zation, methodol ogy, investigation, data curation, formal analysis, and writing of the original
draft. YX contributed to investigation, data curation, formal analysis, validation, and writing—review and editing. YC and HS
contributed to supervision, project administration, and writing—review and editing. All authors approved the manuscript.

Conflictsof Interest
None declared.

Multimedia Appendix 1

PRISMA 2020 checklist.
[DOCX File, 32 KB-Multimedia Appendix 1]

https://www.jmir.org/2026/1/€79935

JMed Internet Res 2026 | vol. 28 | €79935 | p. 17
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v28i1e79935_app1.docx&filename=b83dad0f0f52c4f37e695c939b068cb3.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e79935_app1.docx&filename=b83dad0f0f52c4f37e695c939b068cb3.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Livetd

Multimedia Appendix 2

PRISMA-S checklist.
[DOCX File, 17 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Deviations from the original protocol in the final review.
[DOCX File, 21 KB-Multimedia Appendix 3]

Multimedia Appendix 4

Search strategies per database.
[DOCX File, 24 KB-Multimedia Appendix 4]

Multimedia Appendix 5

Outcome measurement tools utilized in individual studies.
[DOCX File, 38 KB-Multimedia Appendix 5]

Multimedia Appendix 6

Characteristics of included studies.
[DOCX File, 68 KB-Multimedia Appendix 6]

Multimedia Appendix 7

Risk of biasfor included effect estimates based on the Cochrane risk-of-bias tool for randomized trials (RoB2).
[DOCX File, 44 KB-Multimedia Appendix 7]

Multimedia Appendix 8

Pairwise Comparisons of Intervention Type Subgroups.
[DOCX File, 21 KB-Multimedia Appendix 8]

Multimedia Appendix 9

Meta-analysis of digital health interventions' efficacy on follow-up motor symptoms, psychiatric symptoms, cognitive function,
and quality of life.

[DOCX File, 448 KB-Multimedia Appendix 9]

Multimedia Appendix 10

Publication bias analyses— Funnel plotsand trim and fill analyses at post-intervention assessments on motor symptoms, psychiatric
symptoms, cognitive function, overall non-motor symptoms and quality of life.
[DOCX File, 176 KB-Multimedia Appendix 10]

Multimedia Appendix 11

Meta-regression analyses of the effect on motor symptoms, quality of life, cognitive function and psychiatric symptoms.
[DOCX File, 28 KB-Multimedia Appendix 11]

Multimedia Appendix 12

Bubble plots for the continuous variables in meta-regression.
[DOCX File, 365 KB-Multimedia Appendix 12]

Multimedia Appendix 13

Reach, uptake, dropout rate, and feasibility of included interventions.
[DOCX File, 36 KB-Multimedia Appendix 13]

References

https://www.jmir.org/2026/1/€79935 JMed Internet Res 2026 | vol. 28 | €79935 | p. 18
(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=jmir_v28i1e79935_app2.docx&filename=77cb2243847ecd262acde9598e272b24.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e79935_app2.docx&filename=77cb2243847ecd262acde9598e272b24.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e79935_app3.docx&filename=b52514d2a0746c4a25c777562801e208.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e79935_app3.docx&filename=b52514d2a0746c4a25c777562801e208.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e79935_app4.docx&filename=efbbd85be4b09c843d169507fa6546c2.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e79935_app4.docx&filename=efbbd85be4b09c843d169507fa6546c2.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e79935_app5.docx&filename=151cac0d30db81ed132c0eda41406dd3.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e79935_app5.docx&filename=151cac0d30db81ed132c0eda41406dd3.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e79935_app6.docx&filename=6abbbc07763d424999b70dd227260594.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e79935_app6.docx&filename=6abbbc07763d424999b70dd227260594.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e79935_app7.docx&filename=6f637c95de2f441e23a830a2dca629e8.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e79935_app7.docx&filename=6f637c95de2f441e23a830a2dca629e8.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e79935_app8.docx&filename=6a07f77abcf8ea715b3b55d3d5f222c6.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e79935_app8.docx&filename=6a07f77abcf8ea715b3b55d3d5f222c6.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e79935_app9.docx&filename=d6781ecdcc5e8d15b89acbf5274b1f72.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e79935_app9.docx&filename=d6781ecdcc5e8d15b89acbf5274b1f72.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e79935_app10.docx&filename=a6b275274364f6a2acf5e15564a0fdfa.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e79935_app10.docx&filename=a6b275274364f6a2acf5e15564a0fdfa.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e79935_app11.docx&filename=8c1bbb8df013dc2f530376f76c17693c.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e79935_app11.docx&filename=8c1bbb8df013dc2f530376f76c17693c.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e79935_app12.docx&filename=071215c5ff63fb8d51033dd9e0f8cb13.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e79935_app12.docx&filename=071215c5ff63fb8d51033dd9e0f8cb13.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e79935_app13.docx&filename=143da4507dba845325a92b736c6cf034.docx
https://jmir.org/api/download?alt_name=jmir_v28i1e79935_app13.docx&filename=143da4507dba845325a92b736c6cf034.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Livetd

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Bloem BR, Okun MS, Klein C. Parkinson's disease. Lancet. 2021;397(10291):2284-2303. [doi:
10.1016/S0140-6736(21)00218-X] [Medline: 33848468]

Tanner CM, Ostrem JL. Parkinson'sdisease. N Engl JMed. 2024;391(5):442-452. [doi: 10.1056/NEJMra2401857] [Medline:
39083773]

Dorsey ER, Sherer T, Okun MS, Bloem BR. The emerging evidence of the parkinson pandemic. J Parkinsons Dis.
2018;8(s1):S3-S8. [FREE Full text] [doi: 10.3233/JPD-181474] [Medline: 30584159)]

GBD 2016 Parkinson's Disease Collaborators. Global, regional, and national burden of Parkinson’s disease, 1990-2016: a
systematic analysis for the Globa Burden of Disease Study 2016. Lancet Neurol. 2018;17(11):939-953. [FREE Full text]
[doi: 10.1016/S1474-4422(18)30295-3] [Medline: 30287051]

Foltynie T, Bruno V, Fox S, Kiihn AA, Lindop F, Lees AJ. Medical, surgical, and physical treatments for Parkinson's
disease. Lancet. 2024;403(10423):305-324. [doi: 10.1016/S0140-6736(23)01429-0] [Medline: 38245250]

Leite SilvaABR, Gongalves de Oliveira RW, Didgenes GP, de Castro Aguiar MF, Sallem CC, Lima MPP. Premotor,
nonmotor and motor symptoms of Parkinson's disease: a new clinical state of the art. Ageing Res Rev. 2023;84:101834.
[doi: 10.1016/j.arr.2022.101834] [Medline: 36581178]

Li S, JaC, Li T, Le W. Hot topicsin recent Parkinson's disease research: where we are and where we should go. Neurosci
Bull. 2021;37(12):1735-1744. [FREE Full text] [doi: 10.1007/s12264-021-00749-x] [Medline: 34313916]

The Lancet. What next in Parkinson's disease? Lancet. 2024;403(10423):219. [doi: 10.1016/S0140-6736(24)00094-1]
[Medline: 38245237]

Langeskov-Christensen M, Franzén E, Grendahl Hvid L, Dalgas U. Exercise as medicine in Parkinson's disease. J Neurol
Neurosurg Psychiatry. 2024;95(11):1077-1088. [doi: 10.1136/jnnp-2023-332974] [Medline: 38418216]

Schalkamp AK, Peall KJ, Harrison NA, Sandor C. Wearable movement-tracking data identify Parkinson's disease years
before clinical diagnosis. Nat Med. 2023;29(8):2048-2056. [doi: 10.1038/s41591-023-02440-2] [Medline: 37400639]
Rébano-Suarez P, Del Campo N, Benatru |, Moreau C, Degjardins C, Sanchez-Ferro A. Digital outcomes as biomarkers of
disease progression in early Parkinson's disease: a systematic review. Mov Disord. 2025;40(2):184-203. [doi:
10.1002/mds.30056] [Medline: 39613480]

Hyeon B, Shin J, Lee J, Kim W, Kwon J, Lee H. Integrating artificial intelligence and optogenetics for Parkinson's disease
diagnosis and therapeutics in male mice. Nat Commun. 2025;16(1):7797. [EREE Full text] [doi:
10.1038/s41467-025-63025-w] [Medline: 40841722]

Qi W, Shen S, Dong C, Zhao M, Zang S, Zhu X. Digital biomarkers for Parkinson disease: bibliometric analysis and a
scoping review of deep learning for freezing of gait. JMed Internet Res. 2025;27:€71560. [FREE Full text] [doi:
10.2196/71560] [Medline: 40392578]

Park Y, Kim EJ, Park S, Lee M. Digital health intervention effect on older adults with chronic diseases living alone:
systematic review and meta-analysis of randomized controlled trials. J Med Internet Res. 2025;27:e63168. [FREE Full
text] [doi: 10.2196/63168] [Medline: 40163849]

Ba X, Zhang H, Jiao Y, Yuan C, MaY, Han L. Digital health interventions for chronic wound management: a systematic
review and meta-analysis. JMed Internet Res. 2024;26:e47904. [FREE Full text] [doi: 10.2196/47904] [Medline: 39012684]
EllisTD, Earhart GM. Digital therapeuticsin Parkinson's disease: practical applications and future potential. J Parkinsons
Dis. 2021;11(s1):S95-S101. [FREE Full text] [doi: 10.3233/JPD-202407] [Medline: 33646177]

Xiong S, Lu H, Peoples N, Duman EK, Ngjarro A, Ni Z. Digital health interventions for non-communicable disease
management in primary health care in low-and middle-income countries. NPJ Digit Med. 2023;6(1):12. [FREE Full text]
[doi: 10.1038/s41746-023-00764-4] [Medline: 36725977]

BoimaV, Doku A, Agyekum F, Tuglo LS, Agyemang C. Effectiveness of digital health interventions on blood pressure
control, lifestyle behaviours and adherence to medication in patients with hypertension in low-income and middle-income
countries: a systematic review and meta-analysis of randomised controlled trials. EClinicaMedicine. 2024;69:102432.
[FREE Full text] [doi: 10.1016/j.eclinm.2024.102432] [Medline: 38333367]

Zangger G, BriccaA, Liaghat B, Juhl CB, Mortensen SR, Andersen RM. Benefits and harms of digital health interventions
promoting physical activity in people with chronic conditions: systematic review and meta-analysis. JMed Internet Res.
2023;25:e46439. [FREE Full text] [doi: 10.2196/46439] [Medline: 37410534]

Gavelin HM, Domell6f ME, Leung |, Neely AS, Launder NH, Nategh L. Computerized cognitive training in Parkinson's
disease: a systematic review and meta-analysis. Ageing Res Rev. 2022;80:101671. [doi: 10.1016/j.arr.2022.101671]
[Medline: 35714854]

Darbandsari P, Pescatello LS, Piscitelli D, Smith JM, Ugolini A, Colon-Semenza C. Effect of telerehabilitation in Parkinson
disease: a systematic review and meta-analysis. Phys Ther. 2025;105(11):376-383. [doi: 10.1093/ptj/pzaf121] [Medline:
41065729

Kim J, PorciunculaF, Yang HD, Wendel N, Baker T, Chin A. Soft robotic apparel to avert freezing of gait in Parkinson's
disease. Nat Med. 2024;30(1):177-185. [doi: 10.1038/s41591-023-02731-8] [Medline: 38182783]

Schootemeijer S, de VriesNM, Darweesh SKL, Ascherio A, Schwarzschild MA, Macklin EA. Promoting physical activity
in people with Parkinson's disease through a smartphone app: a pilot study. J Neurol Phys Ther. 2025;49(2):74-81. [doi:
10.1097/NPT.0000000000000507] [Medline: 39763021]

https://www.jmir.org/2026/1/€79935 JMed Internet Res 2026 | vol. 28| e79935 | p. 19

(page number not for citation purposes)


http://dx.doi.org/10.1016/S0140-6736(21)00218-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33848468&dopt=Abstract
http://dx.doi.org/10.1056/NEJMra2401857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39083773&dopt=Abstract
https://journals.sagepub.com/doi/10.3233/JPD-181474?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.3233/JPD-181474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30584159&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1474-4422(18)30295-3
http://dx.doi.org/10.1016/S1474-4422(18)30295-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30287051&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(23)01429-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38245250&dopt=Abstract
http://dx.doi.org/10.1016/j.arr.2022.101834
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36581178&dopt=Abstract
https://europepmc.org/abstract/MED/34313916
http://dx.doi.org/10.1007/s12264-021-00749-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34313916&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(24)00094-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38245237&dopt=Abstract
http://dx.doi.org/10.1136/jnnp-2023-332974
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38418216&dopt=Abstract
http://dx.doi.org/10.1038/s41591-023-02440-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37400639&dopt=Abstract
http://dx.doi.org/10.1002/mds.30056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39613480&dopt=Abstract
https://doi.org/10.1038/s41467-025-63025-w
http://dx.doi.org/10.1038/s41467-025-63025-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40841722&dopt=Abstract
https://www.jmir.org/2025//e71560/
http://dx.doi.org/10.2196/71560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40392578&dopt=Abstract
https://www.jmir.org/2025//e63168/
https://www.jmir.org/2025//e63168/
http://dx.doi.org/10.2196/63168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40163849&dopt=Abstract
https://www.jmir.org/2024//e47904/
http://dx.doi.org/10.2196/47904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39012684&dopt=Abstract
https://journals.sagepub.com/doi/10.3233/JPD-202407?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.3233/JPD-202407
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33646177&dopt=Abstract
https://doi.org/10.1038/s41746-023-00764-4
http://dx.doi.org/10.1038/s41746-023-00764-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36725977&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2589-5370(24)00011-7
http://dx.doi.org/10.1016/j.eclinm.2024.102432
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38333367&dopt=Abstract
https://www.jmir.org/2023//e46439/
http://dx.doi.org/10.2196/46439
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37410534&dopt=Abstract
http://dx.doi.org/10.1016/j.arr.2022.101671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35714854&dopt=Abstract
http://dx.doi.org/10.1093/ptj/pzaf121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=41065729&dopt=Abstract
http://dx.doi.org/10.1038/s41591-023-02731-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38182783&dopt=Abstract
http://dx.doi.org/10.1097/NPT.0000000000000507
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39763021&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Livetd

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Hinman RS, Campbell PK, Kimp AJ, Russell T, Foster NE, Kasza J. Telerehabilitation consultations with a physiotherapist
for chronic knee pain versus in-person consultations in Australia: the PEAK non-inferiority randomised controlled trial.
Lancet. 2024;403(10433):1267-1278. [doi: 10.1016/S0140-6736(23)02630-2] [Medline: 38461844]

Rawson TM, Zhu N, Galiwango R, Cocker D, Idam M S, Myall A. Using digital health technol ogiesto optimise antimicrobial
use globally. Lancet Digit Health. 2024;6(12):€914-€925. [doi: 10.1016/S2589-7500(24)00198-5] [Medline: 39547912]
Knitza J, Gupta L, Hiigle T. Rheumatology in the digital health era: status quo and quo vadis? Nat Rev Rheumatol.
2024;20(12):747-759. [doi: 10.1038/s41584-024-01177-7] [Medline: 39482466]

Capecci M, Pourngjaf S, Galafate D, Sale P, Le Pera D, Goffredo M. Clinical effects of robot-assisted gait training and
treadmill training for Parkinson's disease. A randomized controlled trial. Ann Phys Rehabil Med. 2019;62(5):303-312.
[FREE Full text] [doi: 10.1016/j.rehab.2019.06.016] [Medline: 31377382]

Hajebrahimi F, Velioglu HA, Bayraktaroglu Z, Helvaci Yilmaz N, Hanoglu L. Clinical evaluation and resting state fMRI
analysis of virtua reality based training in Parkinson's disease through a randomized controlled trial. Sci Rep.
2022;12(1):8024. [FREE Full text] [doi: 10.1038/s41598-022-12061-3] [Medline: 35577874]

Dorsey ER, Venkataraman V, Grana MJ, Bull M T, George BP, Boyd CM. Randomized controlled clinical trial of "virtual
house calls' for Parkinson disease. JAMA Neurol. 2013;70(5):565-570. [FREE Full text] [doi: 10.1001/jamaneurol.2013.123]
[Medline: 23479138]

Lakshminarayana R, Wang DL, Burn D, Chaudhuri KR, Galtrey C, Guzman NV. Erratum: author correction: using a
smartphone-based self-management platform to support medication adherence and clinical consultation in Parkinson's
disease. NPJ Parkinsons Dis. 2017;3(1):32. [FREE Full text] [doi: 10.1038/s41531-017-0034-0] [Medline: 29152558]
Isaacson SH, Boroojerdi B, Waln O, McGraw M, Kreitzman DL, Klos K. Effect of using a wearable device on clinical
decision-making and motor symptoms in patients with Parkinson's disease starting transdermal rotigotine patch: a pilot
study. Parkinsonism Relat Disord. 2019;64:132-137. [doi: 10.1016/j.parkreldis.2019.01.025] [Medline: 30948242]
Sarasso E, Gardoni A, Tettamanti A, AgostaF, Filippi M, Corbetta D. Virtual reality balance training to improve balance
and mobility in Parkinson's disease: a systematic review and meta-analysis. J Neurol. 2022;269(4):1873-1888. [doi:
10.1007/s00415-021-10857-3] [Medline: 34713324]

ElenaP, Demetris S, ChristinaM, Marios P. Differences between exergaming rehabilitation and conventional physiotherapy
on quality of lifein Parkinson's disease: a systematic review and meta-analysis. Front Neurol. 2021;12:683385. [ FREE Full
text] [doi: 10.3389/fneur.2021.683385] [Medline: 34434157]

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ. 2021;372:n71. [FREE Full text] [doi: 10.1136/bmj.n71] [Medline:
33782057]

McHugh ML. Interrater reliability: the kappa statistic. Biochem Med (Zagreb). 2012;22(3):276-282. [FREE Full text]
[Medline: 23092060]

Herold F, Theobald P, Gronwald T, Kaushal N, Zou L, de Bruin ED. Alexa, let'strain now! - a systematic review and
classification approach to digital and home-based physical training interventions aiming to support healthy cognitive aging.
J Sport Health Sci. 2024;13(1):30-46. [FREE Full text] [doi: 10.1016/j.jshs.2023.01.004] [Medline: 36736727]

Moore GF, Audrey S, Barker M, Bond L, Bonell C, Hardeman W. Process evaluation of complex interventions: medical
research council guidance. BMJ. 2015;350:h1258. [FREE Full text] [doi: 10.1136/bmj.h1258] [Medline: 25791983]
Proctor E, Silmere H, Raghavan R, Hovmand P, Aarons G, Bunger A. Outcomes for implementation research: conceptual
distinctions, measurement challenges, and research agenda. Adm Policy Ment Health. 2011;38(2):65-76. [FREE Full text]
[doi: 10.1007/s10488-010-0319-7] [Medline: 20957426]

Moschonis G, Siopis G, Jung J, Eweka E, Willems R, Kwasnicka D. Effectiveness, reach, uptake, and feasibility of digital
health interventions for adults with type 2 diabetes: a systematic review and meta-analysis of randomised controlled trials.
Lancet Digit Health. 2023;5(3):€125-e143. [FREE Full text] [doi: 10.1016/S2589-7500(22)00233-3] [Medline: 36828606]
Chapter 8: assessing risk of biasin arandomized trial. Cochrane Handbook for Systematic Reviews of Interventions. 2019.
URL: http:\\www.trai ning.cochrane.org/handbook [accessed 2019-10-01]

Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P. GRADE: an emerging consensus on rating
quality of evidence and strength of recommendations. BMJ. 2008;336(7650):924-926. [FREE Full text] [doi:
10.1136/bmj.39489.470347.AD] [Medline: 18436948]

Luo D, Wan X, Liu J, Tong T. Optimally estimating the sample mean from the sample size, median, mid-range, and/or
mid-quartilerange. Stat Methods M ed Res. 2018;27(6):1785-1805. [doi: 10.1177/0962280216669183] [Medline: 27683581]
Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and standard deviation from the sample size, median, range
and/or interquartile range. BMC Med Res Methodol. 2014;14:135. [FREE Full text] [doi: 10.1186/1471-2288-14-135]
[Medline: 25524443]

IntHout J, loannidis JPA, Borm GF. The Hartung-K napp-Sidik-Jonkman method for random effects meta-analysisis
straightforward and considerably outperformsthe standard DerSimonian-Laird method. BMC Med Res Methodol. 2014;14:25.
[FREE Full text] [doi: 10.1186/1471-2288-14-25] [Medline: 24548571]

https://www.jmir.org/2026/1/€79935 JMed Internet Res 2026 | vol. 28 | 79935 | p. 20

(page number not for citation purposes)


http://dx.doi.org/10.1016/S0140-6736(23)02630-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38461844&dopt=Abstract
http://dx.doi.org/10.1016/S2589-7500(24)00198-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39547912&dopt=Abstract
http://dx.doi.org/10.1038/s41584-024-01177-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39482466&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1877-0657(19)30107-1
http://dx.doi.org/10.1016/j.rehab.2019.06.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31377382&dopt=Abstract
https://doi.org/10.1038/s41598-022-12061-3
http://dx.doi.org/10.1038/s41598-022-12061-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35577874&dopt=Abstract
https://europepmc.org/abstract/MED/23479138
http://dx.doi.org/10.1001/jamaneurol.2013.123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23479138&dopt=Abstract
https://doi.org/10.1038/s41531-017-0034-0
http://dx.doi.org/10.1038/s41531-017-0034-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29152558&dopt=Abstract
http://dx.doi.org/10.1016/j.parkreldis.2019.01.025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30948242&dopt=Abstract
http://dx.doi.org/10.1007/s00415-021-10857-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34713324&dopt=Abstract
https://europepmc.org/abstract/MED/34434157
https://europepmc.org/abstract/MED/34434157
http://dx.doi.org/10.3389/fneur.2021.683385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34434157&dopt=Abstract
https://www.bmj.com/lookup/pmidlookup?view=long&pmid=33782057
http://dx.doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33782057&dopt=Abstract
https://europepmc.org/abstract/MED/23092060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23092060&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2095-2546(23)00005-4
http://dx.doi.org/10.1016/j.jshs.2023.01.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36736727&dopt=Abstract
https://www.bmj.com/lookup/pmidlookup?view=long&pmid=25791983
http://dx.doi.org/10.1136/bmj.h1258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25791983&dopt=Abstract
https://europepmc.org/abstract/MED/20957426
http://dx.doi.org/10.1007/s10488-010-0319-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20957426&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2589-7500(22)00233-3
http://dx.doi.org/10.1016/S2589-7500(22)00233-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36828606&dopt=Abstract
http:\\www.training.cochrane.org/handbook
https://europepmc.org/abstract/MED/18436948
http://dx.doi.org/10.1136/bmj.39489.470347.AD
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18436948&dopt=Abstract
http://dx.doi.org/10.1177/0962280216669183
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27683581&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-14-135
http://dx.doi.org/10.1186/1471-2288-14-135
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25524443&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-14-25
http://dx.doi.org/10.1186/1471-2288-14-25
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24548571&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Livetd

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Borenstein M. How to understand and report heterogeneity in a meta-analysis: the difference between I-squared and
prediction intervals. Integr Med Res. 2023;12(4):101014. [FREE Full text] [doi: 10.1016/].imr.2023.101014] [Medline:
38938910]

Nagashima K, NomaH, Furukawa TA. Prediction intervals for random-effects meta-analysis: a confidence distribution
approach. Stat Methods Med Res. 2019;28(6):1689-1702. [doi: 10.1177/0962280218773520] [Medline: 29745296]
IntHout J, loannidis JPA, Rovers MM, Goeman JJ. Pleafor routinely presenting prediction intervalsin meta-analysis. BMJ
Open. 2016;6(7):e010247. [FREE Full text] [doi: 10.1136/bmjopen-2015-010247] [Medline: 27406637]

Ruppar T. Meta-analysis: how to quantify and explain heterogeneity? Eur J Cardiovasc Nurs. 2020;19(7):646-652. [doi:
10.1177/1474515120944014] [Medline: 32757621]

Alberts JL, Kaya RD, Penko AL, Streicher M, Zimmerman EM, Davidson S. A randomized clinical trial to evaluate a
digital therapeutic to enhance gait function in individual s with Parkinson's disease. Neurorehabil Neural Repair.
2023;37(9):603-616. [doi: 10.1177/15459683231184190] [Medline: 37465959]

Allen NE, Song J, Paul SS, Smith S, O'Duffy J, Schmidt M. An interactive videogame for arm and hand exercise in people
with Parkinson's disease: a randomized controlled trial. Parkinsonism Relat Disord. 2017;41:66-72. [doi:
10.1016/j.parkreldis.2017.05.011] [Medline: 28528804]

Bartolo M, Castelli A, Calabrese M, Buttacchio G, Zucchella C, Tamburin S. A wearable system for visual cueing gait
rehabilitation in Parkinson's disease: a randomized non-inferiority trial. Eur J Phys Rehabil Med. 2024;60(2):245-256.
[FREE Full text] [doi: 10.23736/S1973-9087.24.08381-3] [Medline: 38483335]

Beck CA, Beran DB, Biglan KM, Boyd CM, Dorsey ER, Schmidt PN. National randomized controlled trial of virtual house
callsfor Parkinson disease. Neurology. 2017;89(11):1152-1161. [FREE Full text] [doi: 10.1212/WNL .0000000000004357]
[Medline: 28814455]

Bernini S, Alloni A, Panzarasa S, PicasciaM, Quaglini S, Tassorelli C. A computer-based cognitive training in mild
cognitive impairment in Parkinson’s disease. Neuro Rehabilitation. 2019;44(4):555-567. [doi: 10.3233/nre-192714]
Bernini S, Panzarasa S, Barbieri M, Sinforiani E, Quaglini S, Tassorelli C. A double-blind randomized controlled trial of
the efficacy of cognitivetraining delivered using two different methodsin mild cognitive impairment in Parkinson's disease:
preliminary report of benefits associated with the use of a computerized tool. Aging Clin Exp Res. 2021;33(6):1567-1575.
[doi: 10.1007/s40520-020-01665-2] [Medline: 32895890]

Bogosian A, Hurt CS, Hindle JV, McCracken LM, Vasconcelos E Sa DA, Axell S. Acceptability and feasibility of a
mindful ness intervention delivered via videoconferencing for people with Parkinson's. J Geriatr Psychiatry Neurol.
2022;35(1):155-167. [FREE Full text] [doi: 10.1177/0891988720988901] [Medline: 33504245]

Calabro RS, Naro A, Filoni S, PulliaM, Billeri L, Tomasello P. Walking to your right music: arandomized controlled trial
on the novel use of treadmill plus music in Parkinson's disease. J Neuroeng Rehabil. 2019;16(1):68. [FREE Full text] [doi:
10.1186/s12984-019-0533-9] [Medline: 31174570]

Carda S, Invernizzi M, Baricich A, Comi C, Croquelois A, Cisari C. Robotic gait training is not superior to conventional
treadmill training in parkinson disease: a single-blind randomized controlled trial. Neurorehabil Neural Repair.
2012;26(9):1027-1034. [doi: 10.1177/1545968312446753] [Medline: 22623206]

Carpinellal, Cattaneo D, Bonora G, Bowman T, Martina L, Montesano A. Wearable sensor-based biofeedback training
for balance and gait in Parkinson disease: apilot randomized controlled trial. Arch Phys Med Rehabil. 2017;98(4):622-630.€3.
[FREE Full text] [doi: 10.1016/j.apmr.2016.11.003] [Medline: 27965005]

Cetin B, Kiling M, Cakmakli GY. The effects of exergames on upper extremity performance, trunk mobility, gait, balance,
and cognition in Parkinson's disease: a randomized controlled study. Acta Neurol Belg. 2024;124(3):853-863. [doi:
10.1007/s13760-023-02451-3] [Medline: 38182919]

Constantinescu G, Theodoros D, Russell T, Ward E, Wilson S, Wootton R. Treating disordered speech and voicein
Parkinson's disease online: a randomized controlled non-inferiority trial. Int J Lang Commun Disord. 2011;46(1):1-16.
[doi: 10.3109/13682822.2010.484848] [Medline: 21281410]

DaSilvaKG, Nuvolini RA, BachaJMR, De Freitas TB, Dona F, Torriani-Pasin C. Comparison of the effects of an
exergame-based program with conventional physiotherapy protocol based on core areas of the European guideline on
postural control, functional mobility, and quality of life in patients with Parkinson's disease: randomized clinical trial.
Games Health J. 2023;12(3):228-241. [doi: 10.1089/g4h.2022.0039] [Medline: 36206023]

Das J, Barry G, Walker R, Vitorio R, Celik Y, McDonald C. The feasibility of avisuo-cognitive training intervention using
amobile application and exercise with stroboscopic glasses in Parkinson's: findings from a pilot randomised controlled
trial. PLOS Digit Health. 2024;3(12):€0000696. [doi: 10.1371/journal.pdig.0000696] [Medline: 39693278]

DelucaR, LatellaD, Maggio MG, Di Lorenzo G, Maresca G, Sciarrone F. Computer assisted cognitive rehabilitation
improves visuospatial and executive functions in Parkinson's disease: preliminary results. Neuro Rehabilitation.
2019;45(2):285-290. [doi: 10.3233/NRE-192789] [Medline: 31498141]

de Melo GEL, Kleiner AFR, Lopes JBP, Dumont AJL, Lazzari RD, Galli M. Effect of virtual reality training on walking
distance and physical fitness in individuals with Parkinson's disease. Neuro Rehabilitation. 2018;42(4):473-480. [doi:
10.3233/NRE-172355] [Medline: 29660956]

https://www.jmir.org/2026/1/€79935 JMed Internet Res 2026 | vol. 28 | €79935 | p. 21

(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S2213-4220(23)00093-8
http://dx.doi.org/10.1016/j.imr.2023.101014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38938910&dopt=Abstract
http://dx.doi.org/10.1177/0962280218773520
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29745296&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=27406637
http://dx.doi.org/10.1136/bmjopen-2015-010247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27406637&dopt=Abstract
http://dx.doi.org/10.1177/1474515120944014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32757621&dopt=Abstract
http://dx.doi.org/10.1177/15459683231184190
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37465959&dopt=Abstract
http://dx.doi.org/10.1016/j.parkreldis.2017.05.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28528804&dopt=Abstract
https://www.minervamedica.it/index2.t?show=R33Y2024N02A0245
http://dx.doi.org/10.23736/S1973-9087.24.08381-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38483335&dopt=Abstract
https://europepmc.org/abstract/MED/28814455
http://dx.doi.org/10.1212/WNL.0000000000004357
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28814455&dopt=Abstract
http://dx.doi.org/10.3233/nre-192714
http://dx.doi.org/10.1007/s40520-020-01665-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32895890&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/0891988720988901?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/0891988720988901
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33504245&dopt=Abstract
https://jneuroengrehab.biomedcentral.com/articles/10.1186/s12984-019-0533-9
http://dx.doi.org/10.1186/s12984-019-0533-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31174570&dopt=Abstract
http://dx.doi.org/10.1177/1545968312446753
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22623206&dopt=Abstract
https://air.unimi.it/handle/2434/822391
http://dx.doi.org/10.1016/j.apmr.2016.11.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27965005&dopt=Abstract
http://dx.doi.org/10.1007/s13760-023-02451-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38182919&dopt=Abstract
http://dx.doi.org/10.3109/13682822.2010.484848
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21281410&dopt=Abstract
http://dx.doi.org/10.1089/g4h.2022.0039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36206023&dopt=Abstract
http://dx.doi.org/10.1371/journal.pdig.0000696
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39693278&dopt=Abstract
http://dx.doi.org/10.3233/NRE-192789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31498141&dopt=Abstract
http://dx.doi.org/10.3233/NRE-172355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29660956&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Livetd

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Del Pino R, de Echevarria AO, Diez-CirardaM, Ustarroz-Aguirre |, Caprino M, Liu J. Virtua coach and telerehabilitation
for Parkinson's disease patients: vCare system. J Public Health (Berl.). 2023;33(7):1583-1596. [doi:
10.1007/s10389-023-02082-1]

Dobkin RD, Mann SL, GaraMA, Interian A, Rodriguez KM, Menza M. Telephone-based cognitive behavioral therapy for
depression in Parkinson disease. Neurology. 2020;94(16):e1764-e1773. [doi: 10.1212/wnl.0000000000009292]

Dobkin RD, Mann SL, Weintraub D, Rodriguez KM, Miller RB, St Hill L. Innovating Parkinson's care: a randomized
controlled trial of telemedicine depression treatment. Mov Disord. 2021;36(11):2549-2558. [doi: 10.1002/mds.28548]
[Medline: 33710659]

Dorsey ER, Deud LM, Voss TS, Finnigan K, George BP, Eason S. Increasing access to specialty care: apilot, randomized
controlled trial of telemedicine for Parkinson's disease. Mov Disord. 2010;25(11):1652-1659. [doi: 10.1002/mds.23145]
[Medline: 20533449]

Dorsey ER, Venkataraman V, Grana MJ, Bull M T, George BP, Boyd CM. Randomized controlled clinical trial of "virtual
house calls' for Parkinson disease. JAMA Neurol. 2013;70(5):565-570. [FREE Full text] [doi: 10.1001/jamaneurol.2013.123]
[Medline: 23479138]

Edwards JD, Hauser RA, O'Connor ML, Valdés EG, Zesiewicz TA, Uc EY. Randomized trial of cognitive speed of
processing training in Parkinson disease. Neurology. 2013;81(15):1284-1290. [FREE Full text] [doi:
10.1212/WNL.0b013e3182a823ba] [Medline: 24014503]

Eldemir S, Guclu-Gunduz A, Eldemir K, Saygili F, Yilmaz R, Akbostanct MC. The effect of task-oriented circuit
training-based tel erehabilitation on upper extremity motor functions in patients with Parkinson's disease: a randomized
controlledtrial. Parkinsonism Relat Disord. 2023;109:105334. [doi: 10.1016/j.parkreldis.2023.105334] [Medline: 36917914]
EllisTD, Cavanaugh JT, DeAngelis T, Hendron K, Thomas CA, Saint-Hilaire M. Comparative effectiveness of

mHeal th-supported exercise compared with exercise alone for people with Parkinson disease: randomized controlled pilot
study. Phys Ther. 2019;99(2):203-216. [doi: 10.1093/ptj/pzy131] [Medline: 30715489]

Fellman D, Salmi J, Ritakallio L, Ellfolk U, Rinne JO, Laine M. Training working memory updating in Parkinson's disease:
arandomised controlled trial. Neuropsychol Rehabil. 2020;30(4):673-708. [doi: 10.1080/09602011.2018.1489860] [Medline:
29968519]

FengH, Li C, LiuJ, Wang L, MaJ, Li G. Virtual reality rehabilitation versus conventional physical therapy for improving
balance and gait in Parkinson's disease patients: arandomized controlled trial. Med Sci Monit. 2019;25:4186-4192. [FREE
Full text] [doi: 10.12659/M SM.916455] [Medline: 31165721]

Ferraz DD, Trippo KV, Duarte GP, Neto MG, Bernardes Santos KO, Filho JO. The effects of functional training, bicycle
exercise, and exergaming on walking capacity of elderly patients with Parkinson disease: a pilot randomized controlled
single-blinded trial. Arch Phys Med Rehabil. 2018;99(5):826-833. [doi: 10.1016/j.apmr.2017.12.014] [Medline: 29337023]
Flynn A, Preston E, Dennis S, Canning CG, Allen NE. Home-based exercise monitored with telehealth is feasible and
acceptable compared to centre-based exercise in Parkinson's disease: a randomised pilot study. Clin Rehabil.
2021;35(5):728-739. [doi: 10.1177/0269215520976265] [Medline: 33272025]

Furnari A, Calabro RS, De ColaMC, Bartolo M, Castelli A, Mapelli A. Robotic-assisted gait training in Parkinson's di sease:
athree-month foll ow-up randomized clinical trial. Int JNeurosci. 2017;127(11):996-1004. [doi:
10.1080/00207454.2017.1288623] [Medline: 28132574]

Galli M, Cimalin V, De Pandis MF, Le PeraD, Soval, Albertini G. Robot-assisted gait training versus treadmill training
in patients with Parkinson's disease: a kinematic evaluation with gait profile score. Funct Neurol. 2016;31(3):163-170.
[FREE Full text] [doi: 10.11138/fneur/2016.31.3.163] [Medline: 27678210]

Gandolfi M, Geroin C, Dimitrova E, Boldrini P, Waldner A, Bonadiman S. Virtual reality telerehabilitation for postural
instability in Parkinson's disease: a multicenter, single-blind, randomized, controlled trial. Biomed Res Int.
2017;2017:7962826. [FREE Full text] [doi: 10.1155/2017/7962826] [Medline: 29333454]

Giehl K, Ophey A, Hammes J, Rehberg S, Lichtenstein T, Reker P. Working memory training increases neural efficiency
in Parkinson's disease: arandomized controlled trial. Brain Commun. 2020;2(2):fcaal15. [FREE Full text] [doi:
10.1093/braincomms/fcaal15] [Medline: 32954349]

Giehl K, Ophey A, Reker P, Rehberg S, Hammes J, Barbe MT. Effects of home-based working memory training on
visuo-spatial working memory in Parkinson's disease: a randomized controlled trial. J Cent Nerv Syst Dis.
2020;12:1179573519899469. [FREE Full text] [doi: 10.1177/1179573519899469] [Medline: 32002011]

Ginis P, Nieuwboer A, Dorfman M, Ferrari A, Gazit E, Canning CG. Feasibility and effects of home-based
smartphone-delivered automated feedback training for gait in people with Parkinson's disease: a pilot randomized controlled
trial. Parkinsonism Relat Disord. 2016;22:28-34. [FREE Full text] [doi: 10.1016/j.parkreldis.2015.11.004] [Medline:
26777408]

Pedreira G, Prazeres A, Cruz D, Gomes |, Monteiro L, Melo A. Virtual games and quality of lifein Parkinson's disease: a
randomised controlled trial. Advances Parkinson's Disease. 2013;02(04):97-101. [doi: 10.4236/apd.2013.24018]
Goffredo M, Baglio F, De lcco R, Proietti S, Maggioni G, TurollaA. Efficacy of non-immersive virtual reality-based
telerehabilitation on postural stability in Parkinson's disease: amulticenter randomized controlled trial. Eur J Phys Rehabil
Med. 2023;59(6):689-696. [ FREE Full text] [doi: 10.23736/S1973-9087.23.07954-6] [Medline: 37847247]

https://www.jmir.org/2026/1/€79935 JMed Internet Res 2026 | vol. 28 | €79935 | p. 22

(page number not for citation purposes)


http://dx.doi.org/10.1007/s10389-023-02082-1
http://dx.doi.org/10.1212/wnl.0000000000009292
http://dx.doi.org/10.1002/mds.28548
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33710659&dopt=Abstract
http://dx.doi.org/10.1002/mds.23145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20533449&dopt=Abstract
https://europepmc.org/abstract/MED/23479138
http://dx.doi.org/10.1001/jamaneurol.2013.123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23479138&dopt=Abstract
https://europepmc.org/abstract/MED/24014503
http://dx.doi.org/10.1212/WNL.0b013e3182a823ba
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24014503&dopt=Abstract
http://dx.doi.org/10.1016/j.parkreldis.2023.105334
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36917914&dopt=Abstract
http://dx.doi.org/10.1093/ptj/pzy131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30715489&dopt=Abstract
http://dx.doi.org/10.1080/09602011.2018.1489860
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29968519&dopt=Abstract
https://www.medscimonit.com/download/index/idArt/916455
https://www.medscimonit.com/download/index/idArt/916455
http://dx.doi.org/10.12659/MSM.916455
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31165721&dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2017.12.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29337023&dopt=Abstract
http://dx.doi.org/10.1177/0269215520976265
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33272025&dopt=Abstract
http://dx.doi.org/10.1080/00207454.2017.1288623
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28132574&dopt=Abstract
https://europepmc.org/abstract/MED/27678210
http://dx.doi.org/10.11138/fneur/2016.31.3.163
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27678210&dopt=Abstract
https://europepmc.org/abstract/MED/29333454
http://dx.doi.org/10.1155/2017/7962826
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29333454&dopt=Abstract
https://europepmc.org/abstract/MED/32954349
http://dx.doi.org/10.1093/braincomms/fcaa115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32954349&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/1179573519899469?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/1179573519899469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32002011&dopt=Abstract
https://core.ac.uk/reader/34645871?utm_source=linkout
http://dx.doi.org/10.1016/j.parkreldis.2015.11.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26777408&dopt=Abstract
http://dx.doi.org/10.4236/apd.2013.24018
https://www.minervamedica.it/index2.t?show=R33Y2023N06A0689
http://dx.doi.org/10.23736/S1973-9087.23.07954-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37847247&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Livetd

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Gryfe P, Sexton A, McGibbon CA. Using gait robotics to improve symptoms of Parkinson's disease: an open-label, pilot
randomized controlled trial. Eur J Phys Rehabil Med. 2022;58(5):723-737. [FREE Full text] [doi:
10.23736/S1973-9087.22.07549-9] [Medline: 35708047]

Gulcan K, Guclu-Gunduz A, Yasar E, Ar U, Sucullu Karadag Y, Saygili F. The effects of augmented and virtual reality
gait training on balance and gait in patients with Parkinson's disease. Acta Neurol Belg. 2023;123(5):1917-1925. [FREE
Full text] [doi: 10.1007/s13760-022-02147-0] [Medline: 36443623]

Hajebrahimi F, Velioglu HA, Bayraktaroglu Z, Helvaci Yilmaz N, Hanoglu L. Clinical evaluation and resting state fMRI
analysis of virtua reality based training in Parkinson's disease through a randomized controlled trial. Sci Rep.
2022;12(1):8024. [FREE Full text] [doi: 10.1038/s41598-022-12061-3] [Medline: 35577874]

Halpern AE, Ramig LO, Matos CEC, Petska-Cable JA, Spielman JL, Pogoda JM. Innovative technology for the assisted
delivery of intensive voicetreatment (L SV T®L OUD) for Parkinson disease. Am J Speech Lang Pathol. 2012;21(4):354-367.
[doi: 10.1044/1058-0360(2012/11-0125)] [Medline: 23071195]

Han T, LiuQ, Hu Y, Wang Y, Xue K. Effect of Pro-kin visual feedback balance training on balance function of individuals
with early Parkinson's disease: arandomized controlled pilot trial. Afr Health Sci. 2023;23(2):582-588. [FREE Full text]
[doi: 10.4314/ahs.v23i2.67] [Medline: 38223579]

Hashemi Y, Taghizadeh G, Azad A, Behzadipour S. The effects of supervised and non-supervised upper limb virtual reality
exercises on upper limb sensory-motor functions in patients with idiopathic Parkinson's disease. Hum Mov Sci.
2022;85:102977. [doi: 10.1016/j.humov.2022.102977] [Medline: 35932518]

Heldman DA, Harris DA, Felong T, Andrzejewski KL, Dorsey ER, Giuffrida JP. Telehealth management of Parkinson's
disease using wearable sensors: an exploratory study. Digit Biomark. 2017;1(1):43-51. [FREE Full text] [doi:
10.1159/000475801] [Medline: 29725667]

Jaggi S, Wachter A, Adcock M, de Bruin ED, Mdéller JC, Marks D. Feasibility and effects of cognitive-motor exergames
on fall risk factorsin typical and atypical Parkinson's inpatients: a randomized controlled pilot study. Eur JMed Res.
2023;28(1):30. [FREE Full text] [doi: 10.1186/s40001-022-00963-x] [Medline: 36647177]

Johnson JK, Longhurst JK, Gevertzman M, Jefferson C, Linder SM, Bethoux F. The use of telerehabilitation to improve
movement-related outcomes and quality of life for individuals with Parkinson disease: pilot randomized controlled trial.
JMIR Form Res. 2024;8:€54599. [FREE Full text] [doi: 10.2196/54599] [Medline: 39083792]

Jong-Hoon M, Jin-Hwa J, Hwi-Young C. Effects of balance training using awii fit balance board on balance, gait and
activities of daily living in patients with Parkinson disease: a pilot, randomized controlled trial. Medico-Legal.
2020;20(1):1799-1803. [doi: 10.37506/v20/i1/2020/mlu/194564] [Medline: 162448856]

Kashif M, Ahmad A, Bandpei MAM, Syed HA, Raza A, SanaV. A randomized controlled trial of motor imagery combined
with virtual reality techniquesin patients with Parkinson's disease. J Pers Med. 2022;12(3):450. [FREE Full text] [doi:
10.3390/jpm12030450] [Medline: 35330450]

Kashif M, Albalwi AA, Zulfigar A, Bashir K, Alharbi AA, Zaidi S. Effects of virtual reality versus motor imagery versus
routine physical therapy in patients with parkinson's disease: arandomized controlled trial. BMC Geriatr. 2024;24(1):229.
[FREE Full text] [doi: 10.1186/s12877-024-04845-1] [Medline: 38443801]

KawashimaN, Hasegawa K, lijimaM, Nagami K, Makimura T, Kumon A. Efficacy of wearable device gait training on
Parkinson's disease: arandomized controlled open-label pilot study. Intern Med. 2022;61(17):2573-2580. [FREE Full text]
[doi: 10.2169/internalmedicine.8949-21] [Medline: 35135928]

Kegelmeyer DA, Minarsch R, Kostyk SK, Kline D, Smith R, Kloos AD. Use of arobotic walking device for home and
community mobility in Parkinson disease: arandomized controlled trial. J Neurol Phys Ther. 2024;48(2):102-111. [doi:
10.1097/NPT.0000000000000467] [Medline: 38441461]

Khalil H, Busse M, Quinn L, Nazzal M, Batyha W, Alkhazaleh S. A pilot study of aminimally supervised home exercise
and walking program for people with Parkinson's disease in Jordan. Neurodegener Dis Manag. 2017;7(1):73-84. [doi:
10.2217/nmt-2016-0041] [Medline: 28097926]

Kim H, Kim E, Yun SJ, Kang M, Shin HI, Oh B. Robot-assisted gait training with auditory and visual cuesin Parkinson's
disease: arandomized controlled trial. Ann Phys Rehabil Med. 2022;65(3):101620. [FREE Full text] [doi:
10.1016/j.rehab.2021.101620] [Medline: 34896605]

Kluger BM, Katz M, Galifianakis NB, Pantilat SZ, Hauser JM, Khan R. Patient and family outcomes of community
neurologist palliative education and telehealth support in Parkinson disease. JAMA Neurol. 2024;81(1):39-49. [doi:
10.100V/jamaneurol.2023.4260] [Medline: 37955923]

Kraepelien M, Schibbye R, Ménsson K, Sundstrom C, Riggare S, Andersson G. Individually tailored internet-based
cognitive-behavioral therapy for daily functioning in patients with Parkinson’s disease: a randomized controlled trial. J
Parkinsons Dis. 2020;10(2):653-664. [doi: 10.3233/jpd-191894]

Lai B, Bond K, Kim 'Y, Barstow B, Jovanov E, Bickel CS. Exploring the uptake and implementation of tele-monitored
home-exercise programmes in adults with Parkinson's disease: a mixed-methods pilot study. J Telemed Telecare.
2020;26(1-2):53-63. [doi: 10.1177/1357633X18794315] [Medline: 30134777]

https://www.jmir.org/2026/1/€79935 JMed Internet Res 2026 | vol. 28 | €79935 | p. 23

(page number not for citation purposes)


https://www.minervamedica.it/index2.t?show=R33Y2022N05A0723
http://dx.doi.org/10.23736/S1973-9087.22.07549-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35708047&dopt=Abstract
https://europepmc.org/abstract/MED/36443623
https://europepmc.org/abstract/MED/36443623
http://dx.doi.org/10.1007/s13760-022-02147-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36443623&dopt=Abstract
https://doi.org/10.1038/s41598-022-12061-3
http://dx.doi.org/10.1038/s41598-022-12061-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35577874&dopt=Abstract
http://dx.doi.org/10.1044/1058-0360(2012/11-0125)
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23071195&dopt=Abstract
https://europepmc.org/abstract/MED/38223579
http://dx.doi.org/10.4314/ahs.v23i2.67
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38223579&dopt=Abstract
http://dx.doi.org/10.1016/j.humov.2022.102977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35932518&dopt=Abstract
https://doi.org/10.1159/000475801
http://dx.doi.org/10.1159/000475801
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29725667&dopt=Abstract
https://eurjmedres.biomedcentral.com/articles/10.1186/s40001-022-00963-x
http://dx.doi.org/10.1186/s40001-022-00963-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36647177&dopt=Abstract
https://formative.jmir.org/2024//e54599/
http://dx.doi.org/10.2196/54599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39083792&dopt=Abstract
http://dx.doi.org/10.37506/v20/i1/2020/mlu/194564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=162448856&dopt=Abstract
https://www.mdpi.com/resolver?pii=jpm12030450
http://dx.doi.org/10.3390/jpm12030450
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35330450&dopt=Abstract
https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-024-04845-1
http://dx.doi.org/10.1186/s12877-024-04845-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38443801&dopt=Abstract
https://dx.doi.org/10.2169/internalmedicine.8949-21
http://dx.doi.org/10.2169/internalmedicine.8949-21
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35135928&dopt=Abstract
http://dx.doi.org/10.1097/NPT.0000000000000467
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38441461&dopt=Abstract
http://dx.doi.org/10.2217/nmt-2016-0041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28097926&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1877-0657(21)00137-8
http://dx.doi.org/10.1016/j.rehab.2021.101620
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34896605&dopt=Abstract
http://dx.doi.org/10.1001/jamaneurol.2023.4260
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37955923&dopt=Abstract
http://dx.doi.org/10.3233/jpd-191894
http://dx.doi.org/10.1177/1357633X18794315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30134777&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Livetd

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

Lau J, Regis C, Burke C, KaledaMJ, McKenna R, Muratori LM. Immersive technology for cognitive-motor training in
Parkinson's disease. Front Hum Neurosci. 2022;16(1):863930-863936. [FREE Full text] [doi: 10.3389/fnhum.2022.863930]
[Medline: 35615742]

Li KR, Zhang ZQ, Zhou ZL, Su JQ, Wu XH, Shi BH. Effect of music-based movement therapy on the freezing of gait in
patients with Parkinson's disease: arandomized controlled trial. Front Aging Neurosci. 2022;14:924784. [EREE Full text]
[doi: 10.3389/fnagi.2022.924784] [Medline: 36337701]

Liao YY, Yang YR, Wu YR, Wang RY. Virtual reality-based wii fit training in improving muscle strength, sensory
integration ability, and walking abilities in patients with Parkinson's disease: a randomized control trial. Int J Gerontol.
2015;9(4):190-195. [doi: 10.1016/j.ijge.2014.06.007]

MaasJIL, de VriesNM, IntHout J, Bloem BR, Kalf JG. Effectiveness of remotely delivered speech therapy in personswith
Parkinson's disease - a randomised controlled trial. E Clinical Medicine. 2024;76:102823. [FREE Full text] [doi:
10.1016/j.eclinm.2024.102823] [Medline: 39309726]

Maggio MG, De ColaMC, LatellaD, Maresca G, Finocchiaro C, La Rosa G. What about the role of virtual reality in
Parkinson disease's cognitive rehabilitation? Preliminary findings from arandomized clinical trial. J Geriatr Psychiatry
Neurol. 2018;31(6):312-318. [doi: 10.1177/0891988718807973] [Medline: 30360679]

Maggio MG, LucaA, Cicero CE, Calabro RS, Drago F, Zappia M. Effectiveness of telerehabilitation plus virtual reality
(Tele-RV) in cognitive e social functioning: arandomized clinical study on Parkinson's disease. Parkinsonism Relat Disord.
2024;119:105970. [doi: 10.1016/j.parkreldis.2023.105970] [Medline: 38142630]

Manor Y, Mootanah R, Freud D, Giladi N, Cohen JT. Video-assisted swallowing therapy for patients with Parkinson's
disease. Parkinsonism Relat Disord. 2013;19(2):207-211. [doi: 10.1016/j.parkreldis.2012.10.004] [Medline: 23131836]
Maranesi E, Casoni E, Baldoni R, Barboni I, Rinaldi N, TramontanaB. The effect of non-immersive virtual reality exergames
versus traditional physiotherapy in Parkinson's disease older patients: preliminary results from a randomized-controlled
trial. Int JEnviron Res Public Health. 2022;19(22):14818. [FREE Full text] [doi: 10.3390/ijerph192214818] [Medline:
36429537]

McGibbon CA, Sexton A, Gryfe P. Exercising with a robotic exoskeleton can improve memory and gait in people with
Parkinson's disease by facilitating progressive exercise intensity. Sci Rep. 2024;14(1):4417. [FREE Full text] [doi:
10.1038/s41598-024-54200-y] [Medline: 38388571]

Shih MC, Wang RY, Cheng SJ, Yang Y R. Effects of a balance-based exergaming intervention using the Kinect sensor on
posture stahility in individuals with Parkinson's disease: a single-blinded randomized controlled trial. JNeuroeng Rehabil.
2016;13(1):78. [FREE Full text] [doi: 10.1186/s12984-016-0185-y] [Medline: 27568011]

Mirelman A, Rochester L, Maidan |, Del Din S, Alcock L, Nieuwhof F. Addition of a non-immersive virtual reality
component to treadmill training to reduce fall risk in older adults (V-TIME): arandomised controlled trial. Lancet.
2016;388(10050):1170-1182. [doi: 10.1016/S0140-6736(16)31325-3] [Medline: 27524393]

Nieuwboer A, Kwakkel G, Rochester L, Jones D, van Wegen E, Willems AM. Cueing training in the home improves
gait-related mobility in Parkinson's disease: the RESCUE trial. JNeurol Neurosurg Psychiatry. 2007;78(2):134-140. [FREE
Full text] [doi: 10.1136/jnnp.200X.097923] [Medline: 17229744]

Ophey A, Giehl K, Rehberg S, Eggers C, Reker P, van Eimeren T, et al. Effects of working memory training in patients
with Parkinson's disease without cognitive impairment: a randomized controlled trial. Parkinsonism Relat Disord.
2020;72:13-22. [doi: 10.1016/j.parkrel dis.2020.02.002] [Medline: 32078917]

Ozden F. Letter to the editor: "comparison of virtual reality rehabilitation and conventional rehabilitation in Parkinson's
disease: arandomised controlled trial". Physiotherapy. 2021;110:87. [doi: 10.1016/j.physi0.2020.04.001] [Medline:
32736882]

Paris AP, Saleta HG, de la Cruz Crespo Maraver M, Silvestre E, FreixaMG, Torrellas CP. Blind randomized controlled
study of the efficacy of cognitive training in Parkinson's disease. Mov Disord. 2011;26(7):1251-1258. [doi:
10.1002/mds.23688] [Medline: 21442659]

Pastana Ramos LF, Vilacorta-Pereira TDCS, Duarte JDS, Yamada ES, Santos-L obato BL. Feasibility and effectiveness of
aremoteindividual rehabilitation program for people with Parkinson's disease living in the Brazilian Amazon: arandomized
clinical trial. Front Neurol. 2023;14:1244661. [FREE Full text] [doi: 10.3389/fneur.2023.1244661] [Medline: 37693755]
Patel S, Ojo O, Genc G, Oravivattanakul S, Huo Y, Rasameesoraj T. A computerized cognitive behavioral therapy randomized,
controlled, pilot trial for insomniain Parkinson disease (ACCORD-PD). J Clin Mov Disord. 2017;4(1):16. [FREE Full
text] [doi: 10.1186/s40734-017-0062-2] [Medline: 28852567]

Peacock D, Yoneda J, Thomson V, Wile D. Tailoring the use of wearable systems and telehealth for Parkinson's disease.
Parkinsonism Relat Disord. 2021;89:111-112. [doi: 10.1016/j.parkreldis.2021.07.004] [Medline: 34274619]

Picelli A, Melotti C, Origano F, Waldner A, Gimigliano R, Smania N. Does robotic gait training improve balance in
Parkinson's disease? A randomized controlled trial. Parkinsonism Relat Disord. 2012;18(8):990-993. [doi:
10.1016/j.parkreldis.2012.05.010] [Medline: 22673035]

Picelli A, Melotti C, Origano F, Neri R, Waldner A, Smania N. Robot-assisted gait training versus equal intensity treadmill
training in patients with mild to moderate Parkinson's disease: a randomized controlled trial. Parkinsonism Relat Disord.
2013;19(6):605-610. [doi: 10.1016/j.parkrel dis.2013.02.010] [Medline: 23490463]

https://www.jmir.org/2026/1/€79935 JMed Internet Res 2026 | vol. 28 | €79935 | p. 24

(page number not for citation purposes)


https://europepmc.org/abstract/MED/35615742
http://dx.doi.org/10.3389/fnhum.2022.863930
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35615742&dopt=Abstract
https://europepmc.org/abstract/MED/36337701
http://dx.doi.org/10.3389/fnagi.2022.924784
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36337701&dopt=Abstract
http://dx.doi.org/10.1016/j.ijge.2014.06.007
https://linkinghub.elsevier.com/retrieve/pii/S2589-5370(24)00402-4
http://dx.doi.org/10.1016/j.eclinm.2024.102823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39309726&dopt=Abstract
http://dx.doi.org/10.1177/0891988718807973
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30360679&dopt=Abstract
http://dx.doi.org/10.1016/j.parkreldis.2023.105970
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38142630&dopt=Abstract
http://dx.doi.org/10.1016/j.parkreldis.2012.10.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23131836&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph192214818
http://dx.doi.org/10.3390/ijerph192214818
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36429537&dopt=Abstract
https://doi.org/10.1038/s41598-024-54200-y
http://dx.doi.org/10.1038/s41598-024-54200-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38388571&dopt=Abstract
https://jneuroengrehab.biomedcentral.com/articles/10.1186/s12984-016-0185-y
http://dx.doi.org/10.1186/s12984-016-0185-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27568011&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(16)31325-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27524393&dopt=Abstract
https://europepmc.org/abstract/MED/17229744
https://europepmc.org/abstract/MED/17229744
http://dx.doi.org/10.1136/jnnp.200X.097923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17229744&dopt=Abstract
http://dx.doi.org/10.1016/j.parkreldis.2020.02.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32078917&dopt=Abstract
http://dx.doi.org/10.1016/j.physio.2020.04.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32736882&dopt=Abstract
http://dx.doi.org/10.1002/mds.23688
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21442659&dopt=Abstract
https://europepmc.org/abstract/MED/37693755
http://dx.doi.org/10.3389/fneur.2023.1244661
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37693755&dopt=Abstract
https://clinicalmovementdisorders.biomedcentral.com/articles/10.1186/s40734-017-0062-2
https://clinicalmovementdisorders.biomedcentral.com/articles/10.1186/s40734-017-0062-2
http://dx.doi.org/10.1186/s40734-017-0062-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28852567&dopt=Abstract
http://dx.doi.org/10.1016/j.parkreldis.2021.07.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34274619&dopt=Abstract
http://dx.doi.org/10.1016/j.parkreldis.2012.05.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22673035&dopt=Abstract
http://dx.doi.org/10.1016/j.parkreldis.2013.02.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23490463&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Livetd

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Picelli A, Melotti C, Origano F, Neri R, Verzé E, Gandolfi M. Robot-assisted gait training isnot superior to balancetraining
for improving postural instability in patientswith mild to moderate Parkinson's disease: a single-blind randomized controlled
trial. Clin Rehabil. 2015;29(4):339-347. [FREE Full text] [doi: 10.1177/0269215514544041] [Medline: 25082957]
PiersRJ, Farchione TJ, Wong BN, Rosellini AJ, Cronin-Golomb A. Telehealth transdiagnostic cognitive behavioral therapy
for depression in Parkinson's disease: a pilot randomized controlled trial. Mov Disord Clin Pract. 2023;10(1):79-85. [FREE
Full text] [doi: 10.1002/mdc3.13587] [Medline: 36704072]

Pompeu JE, Mendes FADS, SilvaKGD, Lobo AM, Oliveira TDP, Zomignani AP. Effect of Nintendo Wii ™-based motor
and cognitive training on activities of daily living in patients with Parkinson's disease: a randomised clinical trial.
Physiotherapy. 2012;98(3):196-204. [doi: 10.1016/].physi0.2012.06.004] [Medline: 22898575]

Qayyum S, Hashmi Z, Wagas S, Tarig M, Mugha MW, Tanvir M. Effects of exer—gaming on balance and gait in Parkinson’s
patients. Pak JMed Health Sci. 2022;16(12):213-214. [doi: 10.53350/pjmhs20221612213]

Raciti L, Pignolo L, Perini V, PulliaM, Porcari B, LatellaD. Improving upper extremity bradykinesiain Parkinson's disease:
arandomized clinical trial on the use of gravity-supporting exoskeletons. J Clin Med. 2022;11(9):2543. [FREE Full text]
[doi: 10.3390/jcm11092543] [Medline: 35566669]

Raglio A, DeMariaB, Parati M, Giglietti A, Premoli S, Salvaderi S. Movement sonification techniquesto improve balance
in Parkinson's disease: a pilot randomized controlled trial. Brain Sci. 2023;13(11):1586. [FREE Full text] [doi:
10.3390/brainsci13111586] [Medline: 38002546]

Ribas CG, Alvesda Silva L, Corréa MR, Teive HG, Valderramas S. Effectiveness of exergaming in improving functional
balance, fatigue and quality of life in Parkinson's disease: a pilot randomized controlled trial. Parkinsonism Relat Disord.
2017;38(3):13-18. [doi: 10.1016/j.parkreldis.2017.02.006] [Medline: 28190675]

Sale B, De Pandis MF, Le Pera D, Soval, Cimolin V, Ancillao A. Robot-assisted walking training for individuals with
Parkinson's disease: a pilot randomized controlled trial. BMC Neurol. 2013;13(3):50-57. [FREE Full text] [doi:
10.1186/1471-2377-13-50] [Medline: 23706025]

Santos P, Machado T, Santos L, Ribeiro N, Melo A. Efficacy of the nintendo wii combination with conventional exercises
in the rehabilitation of individuals with Parkinson's disease: arandomized clinical trial. NeuroRehabilitation.
2019;45(2):255-263. [doi: 10.3233/NRE-192771] [Medline: 31498138]

Sekimoto S, OyamaG, Hatano T, Sasaki F, NakamuraR, Jo T. A randomized crossover pilot study of telemedicinedelivered
viaiPads in Parkinson's disease. Parkinsons Dis. 2019;2019:9403295. [FREE Full text] [doi: 10.1155/2019/9403295]
[Medline: 30723541]

So HY, Kim SR, Kim S, Park YS, Jo S, Park KW. Effect of home-based self-management intervention for
community-dwelling patients with early Parkinson's disease: afeasibility study. JCommunity Health Nurs.
2023;40(2):133-146. [doi: 10.1080/07370016.2022.2133566] [Medline: 36920114]

Song J, Paul SS, Caetano MJD, Smith S, Dibble LE, Love R. Home-based step training using videogame technology in
people with Parkinson's disease: a single-blinded randomised controlled trial. Clin Rehabil. 2018;32(3):299-311. [doi:
10.1177/0269215517721593] [Medline: 28745063]

Spina S, Facciorusso S, Cinone N, Armiento R, Picelli A, Avvantaggiato C. Effectiveness of robotic balance training on
postural instability in patients with mild Parkinson's disease: a pilot, single blind, randomized controlled trial. J Rehabil
Med. 2021;53(2):jrm00154. [FREE Full text] [doi: 10.2340/16501977-2793] [Medline: 33585943]

Svaerke K, Faerk AK, Riis A, Stiegnitz von Ehrenfels SEM, Mogensen J, Lokkegaard A. Effects of computer-based
cognitive rehabilitation on attention, executive functions, and quality of lifein patientswith Parkinson's disease: arandomized,
controlled, single-blinded pilot study. Dement Geriatr Cogn Disord. 2021;50(6):519-528. [doi: 10.1159/000520591]
[Medline: 34986487]

Theodoros DG, Hill AJ, Russell TG. Clinical and quality of life outcomes of speech treatment for Parkinson's disease
delivered to the home via telerehabilitation: a noninferiority randomized controlled trial. Am J Speech Lang Pathol.
2016;25(2):214-232. [doi: 10.1044/2015_ajslp-15-0005]

van Balkom TD, Berendse HW, van der Werf YD, Twisk JWWR, Peeters CFW, Hoogendoorn AW. Effect of eight-week
online cognitive training in Parkinson's disease: a double-blind, randomized, controlled trial. Parkinsonism Relat Disord.
2022;96(1):80-87. [FREE Full text] [doi: 10.1016/j.parkrel dis.2022.02.018] [Medline: 35248830]

van de Weijer SCF, Duits AA, Bloem BR, de Vries NM, Kessels RP, Kéhler S. Feasibility of a cognitive training gamein
Parkinson's disease: the randomized Parkin'Play study. Eur Neurol. 2020;83(4):426-432. [FREE Full text] [doi:
10.1159/000509685] [Medline: 32756067]

van den Heuvel MRC, Kwakkel G, Beek PJ, Berendse HW, Daffertshofer A, van Wegen EEH. Effects of augmented visual
feedback during balance training in Parkinson's disease: a pilot randomized clinical trial. Parkinsonism Relat Disord.
2014;20(12):1352-1358. [FREE Full text] [doi: 10.1016/].parkreldis.2014.09.022] [Medline: 25283070]

Wilkinson JR, Spindler M, Wood SM, Marcus SC, Weintraub D, Morley JF. High patient satisfaction with telehealth in
Parkinson disease: arandomized controlled study. Neurol Clin Pract. 2016;6(3):241-251. [FREE Full text] [doi:
10.1212/CPJ.0000000000000252] [Medline: 27347441]

https://www.jmir.org/2026/1/€79935 JMed Internet Res 2026 | vol. 28| €79935 | p. 25

(page number not for citation purposes)


http://pss.sagepub.com/content/26/8/1177.long
http://dx.doi.org/10.1177/0269215514544041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25082957&dopt=Abstract
https://europepmc.org/abstract/MED/36704072
https://europepmc.org/abstract/MED/36704072
http://dx.doi.org/10.1002/mdc3.13587
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36704072&dopt=Abstract
http://dx.doi.org/10.1016/j.physio.2012.06.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22898575&dopt=Abstract
http://dx.doi.org/10.53350/pjmhs20221612213
https://www.mdpi.com/resolver?pii=jcm11092543
http://dx.doi.org/10.3390/jcm11092543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35566669&dopt=Abstract
https://www.mdpi.com/resolver?pii=brainsci13111586
http://dx.doi.org/10.3390/brainsci13111586
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38002546&dopt=Abstract
http://dx.doi.org/10.1016/j.parkreldis.2017.02.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28190675&dopt=Abstract
https://bmcneurol.biomedcentral.com/articles/10.1186/1471-2377-13-50
http://dx.doi.org/10.1186/1471-2377-13-50
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23706025&dopt=Abstract
http://dx.doi.org/10.3233/NRE-192771
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31498138&dopt=Abstract
https://europepmc.org/abstract/MED/30723541
http://dx.doi.org/10.1155/2019/9403295
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30723541&dopt=Abstract
http://dx.doi.org/10.1080/07370016.2022.2133566
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36920114&dopt=Abstract
http://dx.doi.org/10.1177/0269215517721593
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28745063&dopt=Abstract
https://doi.org/10.2340/16501977-2793
http://dx.doi.org/10.2340/16501977-2793
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33585943&dopt=Abstract
http://dx.doi.org/10.1159/000520591
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34986487&dopt=Abstract
http://dx.doi.org/10.1044/2015_ajslp-15-0005
https://linkinghub.elsevier.com/retrieve/pii/S1353-8020(22)00051-7
http://dx.doi.org/10.1016/j.parkreldis.2022.02.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35248830&dopt=Abstract
https://doi.org/10.1159/000509685
http://dx.doi.org/10.1159/000509685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32756067&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1353-8020(14)00359-9
http://dx.doi.org/10.1016/j.parkreldis.2014.09.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25283070&dopt=Abstract
https://europepmc.org/abstract/MED/27347441
http://dx.doi.org/10.1212/CPJ.0000000000000252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27347441&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Livetd

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

Yang WC, Wang HK, Wu RM, Lo CS, Lin KH. Home-based virtual reality balance training and conventional balance
training in Parkinson's disease: arandomized controlled trial. JFormos Med Assoc. 2016;115(9):734-743. [FREE Full text]
[doi: 10.1016/j.jfma.2015.07.012] [Medline: 26279172]

Yen CY, Lin KH, Hu MH, Wu RM, Lu TW, Lin CH. Effects of virtua reality-augmented balance training on sensory
organization and attentional demand for postural control in people with Parkinson disease: a randomized controlled trial.
Phys Ther. 2011;91(6):862-874. [doi: 10.2522/ptj.20100050] [Medline: 21474638]

Yuan RY, Chen SC, Peng CW, Lin YN, Chang YT, Lai CH. Effects of interactive video-game-based exercise on balance
in older adults with mild-to-moderate Parkinson's disease. J Neuroeng Rehabil. 2020;17(1):91. [FREE Full text] [doi:
10.1186/s12984-020-00725-y] [Medline: 32660512]

Zoetewei D, Herman T, Ginis P, Palmerini L, Brozgol M, Thumm PC. On-demand cueing for freezing of gait in Parkinson's
disease: arandomized controlled trial. Mov Disord. 2024;39(5):876-886. [doi: 10.1002/mds.29762] [Medline: 38486430]
Tagliente S, MinafraB, Aresta S, Santacesaria P, Buccoliero A, Palmirotta C. Effectiveness of a home-based computerized
cognitive training in Parkinson's disease: a pilot randomized cross-over study. Front Psychol. 2024;15:1531688. [FREE
Full text] [doi: 10.3389/fpsyq.2024.1531688] [Medline: 39850970]

Asadiof F, Hasanpour GZ, Naeim M, Mirzai F, Mohammadi Y. Effectiveness of virtual reality-based cognitive behavioral
group therapy on reducing anxiety and depression in Parkinson's patients: a randomized controlled trial. Ann Med Surg
(Lond). 2025;87(3):1318-1323. [doi: 10.1097/ms9.0000000000003035]

Cubo E, Rohani M, Eissazade N, Garcia-Bustillo A, Ramirez-Sanz JM, Garrido-Labrador JL. Cost-utility analysis of a
coadjutant telemedicine intervention for fall prevention in Parkinson's disease. Eur J Neurol. 2025;32(1):e16561. [doi:
10.1111/ene.16561] [Medline: 39838709]

Das J, Barry G, Vitorio R, Walker R, McDonald C, Morris R. “It was testing me, but not distressing me.” Stroboscopic
visual training in Parkinson's disease: a qualitative study. BMC Digit Health. 2025;3(1):39. [doi:
10.1186/s44247-025-00182-4]

DeVleeschhauwer J, NackaertsE, D'Cruz N, Zhang Y, JanssensL , Vandenberghe W. The effects of task-specific home-based
touchscreen training in people with Parkinson's disease: a pilot randomized controlled trial. J Neurol. 2025;272(5):328.
[doi: 10.1007/s00415-025-13065-5] [Medline: 40204991]

DhamijaRK, SalujaA, Garg D, Chauhan S, Mgjumdar R, Bhardwaj SB. Teleneurorehabilitation and motor and nonmotor
symptoms and quality of life in Parkinson disease: the TELEPARK randomized clinical trial. JAMA Neurol.
2025;82(4):376-383. [doi: 10.1001/jamaneurol.2024.5387] [Medline: 39992667]

Harpham C, Gunn H, Marsden J, Bescos-GarciaR, Murgatroyd C, Connolly L. Home-based high-intensity interval training
for people with Parkinson's: arandomized, controlled, feasibility trial. Health Sci Rep. 2025;8(7):€71024. [FREE Full text]
[doi: 10.1002/hsr2.71024] [Medline: 40661734]

Kratz E, Scheffer J, Volc D, Seebacher B. Comparing face-to-face and online LSVT®LOUD speech training using
LSVT®Coach in patients with Parkinson's disease: a pilot randomised controlled trial. BMC Neurol. 2025;25(1):183.
[FREE Full text] [doi: 10.1186/s12883-025-04161-0] [Medline: 40287683]

Maggio MG, Rizzo A, Benenati A, Giambo Mauro F, Cannavo A, De Pasquale P. Efficacy and feasibility of virtual
reality-based cognitive tel e-rehabilitation in Parkinson's disease: apilot randomized controlled trial on patientsand caregivers.
Digit Health. 2025;11:20552076251376534. [FREE Full text] [doi: 10.1177/20552076251376534] [Medline: 41018508]
Nuvolini RA, SilvaKGD, Freitas TBD, Dona F, Torriani-Pasin C, Pompeu JE. Exergame-based program and conventional
physiotherapy based on core areas of the European Guideline similarly improve gait and cognition in people with Parkinson's
disease: randomized clinical trial. Games Health J. 2025;14(5):358-368. [doi: 10.1089/g4h.2024.0116] [Medline: 40160128]
Pinto C, Norton S, Cubi-Molla P, Hurt C, Chowdhury S, Dooley N. Evaluating a digital mental health intervention for
people with Parkinson's (PACT): acceptability and feasibility randomised controlled trial. Aging Ment Health.
2025;29(9):1694-1702. [FREE Full text] [doi: 10.1080/13607863.2025.2478508] [Medline: 40135828]

Tayyebi G, Asadiof F, Hashempour B, Lotfi M, Taheri M, Naeim M. Efficacy of virtual reality-based cognitive behavioral
group therapy in enhancing emotional well-being and quality of life in Parkinson's disease: a randomized controlled trial.
Clin Park Relat Disord. 2025;12:100316. [FREE Full text] [doi: 10.1016/j.prdoa.2025.100316] [Medline: 40161512]
Chen'Y, Gao Q, He CQ, Bian R. Effect of virtual reality on balance in individual s with Parkinson disease: a systematic
review and meta-analysis of randomized controlled trials. Phys Ther. 2020;100(6):933-945. [doi: 10.1093/ptj/pzaa042]
[Medline: 32157307]

Lina C, Guoen C, Huidan W, Yingqing W, Ying C, Xiaochun C. The effect of virtual reality on the ability to perform
activities of daily living, balance during gait, and motor function in Parkinson disease patients: a systematic review and
meta-analysis. Am JPhys Med Rehabil. 2020;99(10):917-924. [doi: 10.1097/PHM.0000000000001447] [Medline: 32304383]
Wang B, Shen M, Wang Y X, He ZW, Chi SQ, Yang ZH. Effect of virtua reality on balance and gait ability in patients
with Parkinson's disease: a systematic review and meta-analysis. Clin Rehabil. 2019;33(7):1130-1138. [doi:
10.1177/0269215519843174] [Medline: 31016994]

Triegaardt J, Han TS, Sada C, Sharma S, SharmaP. The role of virtual reality on outcomesin rehabilitation of Parkinson's
disease: meta-analysis and systematic review in 1031 participants. Neurol Sci. 2020;41(3):529-536. [FREE Full text] [doi:
10.1007/s10072-019-04144-3] [Medline: 31808000]

https://www.jmir.org/2026/1/€79935 JMed Internet Res 2026 | vol. 28 | 79935 | p. 26

(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S0929-6646(15)00249-1
http://dx.doi.org/10.1016/j.jfma.2015.07.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26279172&dopt=Abstract
http://dx.doi.org/10.2522/ptj.20100050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21474638&dopt=Abstract
https://jneuroengrehab.biomedcentral.com/articles/10.1186/s12984-020-00725-y
http://dx.doi.org/10.1186/s12984-020-00725-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32660512&dopt=Abstract
http://dx.doi.org/10.1002/mds.29762
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38486430&dopt=Abstract
https://doi.org/10.3389/fpsyg.2024.1531688
https://doi.org/10.3389/fpsyg.2024.1531688
http://dx.doi.org/10.3389/fpsyg.2024.1531688
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39850970&dopt=Abstract
http://dx.doi.org/10.1097/ms9.0000000000003035
http://dx.doi.org/10.1111/ene.16561
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39838709&dopt=Abstract
http://dx.doi.org/10.1186/s44247-025-00182-4
http://dx.doi.org/10.1007/s00415-025-13065-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40204991&dopt=Abstract
http://dx.doi.org/10.1001/jamaneurol.2024.5387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39992667&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1002/hsr2.71024
http://dx.doi.org/10.1002/hsr2.71024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40661734&dopt=Abstract
https://bmcneurol.biomedcentral.com/articles/10.1186/s12883-025-04161-0
http://dx.doi.org/10.1186/s12883-025-04161-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40287683&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/20552076251376534?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/20552076251376534
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=41018508&dopt=Abstract
http://dx.doi.org/10.1089/g4h.2024.0116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40160128&dopt=Abstract
https://www.tandfonline.com/doi/10.1080/13607863.2025.2478508?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1080/13607863.2025.2478508
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40135828&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2590-1125(25)00020-9
http://dx.doi.org/10.1016/j.prdoa.2025.100316
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40161512&dopt=Abstract
http://dx.doi.org/10.1093/ptj/pzaa042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32157307&dopt=Abstract
http://dx.doi.org/10.1097/PHM.0000000000001447
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32304383&dopt=Abstract
http://dx.doi.org/10.1177/0269215519843174
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31016994&dopt=Abstract
https://europepmc.org/abstract/MED/31808000
http://dx.doi.org/10.1007/s10072-019-04144-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31808000&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Livetd

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

Chuang CS, Chen YW, Zeng BY, Hung CM, Tu YK, Tai Y C. Effects of modern technology (exergame and virtual reality)
assisted rehabilitation vs conventional rehabilitation in patients with Parkinson's disease: a network meta-analysis of
randomised controlled trials. Physiotherapy. 2022;117:35-42. [doi: 10.1016/.physi0.2022.07.001] [Medline: 36242929]
Parra AG, Gonzalez-Medina G, Perez-Cabezas V, Casuso-Holgado MJ, Vinolo-Gil MJ, Garcia-Mufioz C. Dropout rate of
participantsin randomized clinical trialsthat usevirtual reality to train balance and gait in Parkinson's disease. A systematic
review with meta-analysis and meta-regression. JMed Syst. 2023;47(1):46. [doi: 10.1007/s10916-023-01930-7] [Medline:
37010723]

Kwon SH, Park JK, Koh YH. A systematic review and meta-analysis on the effect of virtual reality-based rehabilitation
for peoplewith Parkinson's disease. JNeuroeng Rehabil. 2023;20(1):94. [FREE Full text] [doi: 10.1186/s12984-023-01219-3]
[Medline: 37475014]

Sarasso E, Gardoni A, Tettamanti A, AgostaF, Filippi M, Corbetta D. Virtual reality balance training to improve balance
and mobility in Parkinson's disease: a systematic review and meta-analysis. J Neurol. 2022;269(4):1873-1888. [doi:
10.1007/s00415-021-10857-3] [Medline: 34713324]

Cortés-Pérez |, Zagalaz-AnulaN, Montoro-Céardenas D, Lomas-Vega R, Obrero-Gaitan E, Osuna-Pérez MC. Leap motion
controller video game-based therapy for upper extremity motor recovery in patients with central nervous system diseases.
A systematic review with meta-analysis. Sensors (Basel). 2021;21(6):2065. [FREE Full text] [doi: 10.3390/s21062065]
[Medline: 33804247]

Ledn-Salas B, Gonzéalez-Herndndez Y, Infante-Ventura D, de Armas-Castellano A, Garcia-Garcia J, Garcia-Herndndez M.
Telemedicine for neurological diseases: a systematic review and meta-analysis. Eur J Neurol. 2023;30(1):241-254. [doi:
10.1111/ene.15599] [Medline: 36256522]

ChenYY, Guan BS, Li ZK, Yang QH, Xu TJ, Li HB, et a. Application of telehealth intervention in Parkinson’s disease:
asystematic review and meta-analysis. J Telemed Telecare. 2018;26(1-2):3-13. [doi: 10.1177/1357633x18792805]
Alngjjar AZ, Abouelmagd ME, Krayim A, AbdelMeseh M, Bushara N, Nahil Y. Efficacy of cognitive behavioral therapy
for anxiety and depression in Parkinson's disease patients: an updated systematic review and meta-analysis. Neurol Sci.
2024;45(11):5277-5290. [doi: 10.1007/s10072-024-07659-6] [Medline: 38958793]

Tao Y, Luo J, Tian J, Peng S, Wang H, Cao J. The role of robot-assisted training on rehabilitation outcomes in Parkinson's
disease: a systematic review and meta-analysis. Disabil Rehabil. 2024;46(18):4049-4067. [doi:
10.1080/09638288.2023.2266178] [Medline: 37818694]

Jiang X, Zhou J, Chen Q, Xu Q, Wang S, Yuan L. Effect of robot-assisted gait training on motor dysfunction in Parkinson's
patients: a systematic review and meta-analysis. J Back Muscul oskelet Rehabil. 2024;37(2):253-268. [doi:
10.3233/BMR-220395] [Medline: 37955075]

Alwardat M, Etoom M, Al Dagjah S, Schirinzi T, Di Lazzaro G, Sinibaldi Salimei P. Effectiveness of robot-assisted gait
training on motor impairments in people with Parkinson's disease: a systematic review and meta-analysis. Int J Rehabil
Res. 2018;41(4):287-296. [doi: 10.1097/M RR.0000000000000312] [Medline: 30119060]

Kegelmeyer DA, Minarsch R, Kostyk SK, Kline D, Smith R, Kloos AD. Use of arobotic walking device for home and
community mobility in Parkinson disease: arandomized controlled trial. J Neurol Phys Ther. 2024;48(2):102-111. [doi:
10.1097/NPT.0000000000000467] [Medline: 38441461]

Ozden F. The effect of mobile application-based rehabilitation in patients with Parkinson's disease: a systematic review
and meta-analysis. Clin Neurol Neurosurg. 2023;225:107579. [doi: 10.1016/j.clineuro.2022.107579] [Medline: 36603336]
Barrachina-Fernandez M, Maitin AM, Sanchez-Avila C, Romero JP. Wearable technology to detect motor fluctuationsin
Parkinson's disease patients: current state and challenges. Sensors (Basel). 2021;21(12):4188. [EREE Full text] [doi:
10.3390/s21124188] [Medline: 34207198]

Zhang T, Meng DT, Lyu DY, Fang BY. The efficacy of wearable cueing devices on gait and motor function in Parkinson
disease: asystematic review and meta-analysis of randomized controlled trials. Arch Phys Med Rehabil. 2024;105(2):369-380.
[doi: 10.1016/j.apmr.2023.07.007] [Medline: 37532166]

YuJ, WuJ, LuJ, Wei X, Zheng K, Liu B. Efficacy of virtual reality training on motor performance, activity of daily living,
and quality of life in patients with Parkinson's disease: an umbrella review comprising meta-analyses of randomized
controlled trials. J Neuroeng Rehabil. 2023;20(1):133. [FREE Full text] [doi: 10.1186/s12984-023-01256-y] [Medline:
37777748]

Xue X, Yang X, Deng Z. Efficacy of rehabilitation robot-assisted gait training on lower extremity dyskinesiain patients
with Parkinson's disease: a systematic review and meta-analysis. Ageing Res Rev. 2023;85:101837. [doi:
10.1016/j.arr.2022.101837] [Medline: 36634871]

Lazzarini SG, Mosconi B, Cordani C, Arienti C, Cecchi F. Effectiveness of robot-assisted training in adultswith Parkinson's
disease: a systematic review and meta-analysis. JNeurol. 2024;272(1):22. [doi: 10.1007/s00415-024-12798-7] [Medline:
39666104]

Yau CE, Ho ECK, Ong NY, Loh CIK, Mai AS, Tan E. Innovative technol ogy-based interventions in Parkinson's disease:
a systematic review and meta-analysis. Ann Clin Transgl Neurol. 2024;11(10):2548-2562. [FREE Full text] [doi:
10.1002/acn3.52160] [Medline: 39236299]

https://www.jmir.org/2026/1/€79935 JMed Internet Res 2026 | vol. 28 | €79935 | p. 27

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.physio.2022.07.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36242929&dopt=Abstract
http://dx.doi.org/10.1007/s10916-023-01930-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37010723&dopt=Abstract
https://jneuroengrehab.biomedcentral.com/articles/10.1186/s12984-023-01219-3
http://dx.doi.org/10.1186/s12984-023-01219-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37475014&dopt=Abstract
http://dx.doi.org/10.1007/s00415-021-10857-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34713324&dopt=Abstract
https://www.mdpi.com/resolver?pii=s21062065
http://dx.doi.org/10.3390/s21062065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33804247&dopt=Abstract
http://dx.doi.org/10.1111/ene.15599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36256522&dopt=Abstract
http://dx.doi.org/10.1177/1357633x18792805
http://dx.doi.org/10.1007/s10072-024-07659-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38958793&dopt=Abstract
http://dx.doi.org/10.1080/09638288.2023.2266178
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37818694&dopt=Abstract
http://dx.doi.org/10.3233/BMR-220395
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37955075&dopt=Abstract
http://dx.doi.org/10.1097/MRR.0000000000000312
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30119060&dopt=Abstract
http://dx.doi.org/10.1097/NPT.0000000000000467
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38441461&dopt=Abstract
http://dx.doi.org/10.1016/j.clineuro.2022.107579
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36603336&dopt=Abstract
https://www.mdpi.com/resolver?pii=s21124188
http://dx.doi.org/10.3390/s21124188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34207198&dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2023.07.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37532166&dopt=Abstract
https://jneuroengrehab.biomedcentral.com/articles/10.1186/s12984-023-01256-y
http://dx.doi.org/10.1186/s12984-023-01256-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37777748&dopt=Abstract
http://dx.doi.org/10.1016/j.arr.2022.101837
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36634871&dopt=Abstract
http://dx.doi.org/10.1007/s00415-024-12798-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39666104&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1002/acn3.52160
http://dx.doi.org/10.1002/acn3.52160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39236299&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Livetd

182.

183.

184.

185.

186.

187.

Hagell P, Nygren C. The 39 item Parkinson's disease questionnaire (PDQ-39) revisited: implications for evidence based
medicine. J Neurol Neurosurg Psychiatry. 2007;78(11):1191-1198. [FREE Full text] [doi: 10.1136/jnnp.2006.111161]
[Medline: 17442762]

Xu H, Merryweather A, Foreman KB, Zhao J, Hunt M. Dual-task interference during gait on irregular terrain in people
with Parkinson's disease. Gait Posture. 2018;63:17-22. [doi: 10.1016/j.gaitpost.2018.04.027] [Medline: 29702370]

Kwok JY'Y, Lee JJ, Choi EPH, Chau PH, Auyeung M. Stay mindfully active during the coronavirus pandemic: afeasibility
study of mHealth-delivered mindfulness yoga program for people with Parkinson's disease. BMC Complement Med Ther.
2022;22(1):37. [FREE Full text] [doi: 10.1186/s12906-022-03519-y] [Medline: 35130894]

Li H, Lewis C, Chi H, Singleton G, Williams N. Mobile health applications for mental illnesses: an Asian context. Asian
J Psychiatr. 2020;54:102209. [FREE Full text] [doi: 10.1016/j.8jp.2020.102209] [Medline: 32623190]

ArayaR, Menezes PR, Claro HG, Brandt LR, Daley KL, Quayle J. Effect of adigital intervention on depressive symptoms
in patients with comorbid hypertension or diabetes in Brazil and Peru: two randomized clinical trials. JAMA.
2021;325(18):1852-1862. [FREE Full text] [doi: 10.1001/jama.2021.4348] [Medline: 33974019]

Ouedraogo |, Some BMJ, Oyibo K, Benedikter R, Diallo G. Using serious mobile gamesto improve health literacy in rura
Sub-Saharan Africa: aliterature review. Front Public Health. 2022;10:768252. [FREE Full text] [doi:
10.3389/fpubh.2022.768252] [Medline: 36466518]

Abbreviations

DHI: digital health intervention

GRADE: Grading of Recommendations Assessment, Development, and Evaluation
LMIC: low- and middle-income country

PD: Parkinson disease

PI: prediction interval

PICOS: Population, Intervention, Comparison, Outcomes, and Study Type
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
PRISMA-S: Preferred Reporting Items for Systematic Reviews and Meta-Analyses Literature Search Extension
QM: model Q statistic

RCT: randomized controlled trial

SMD: standardized mean difference

Edited by SBrini; submitted 01.Jul.2025; peer-reviewed by | Adefolaju, X Liang; commentsto author 11.Sep.2025; accepted 07.Jan.2026;
published 12.Mar.2026

Please cite as:

LiuR, Zhang S Xiao Y, Cheng Y, Shang H

The Effects of Digital Health Interventions on Motor Symptoms, Nonmotor Symptoms, and Quality of Life in Patients With Parkinson
Disease: Systematic Review and Meta-Analysis of Randomized Controlled Trials

J Med Internet Res 2026; 28:€79935

URL: https://mww.jmir.org/2026/1/€79935

doi: 10.2196/79935

PMID:

©Ruwen Liu, Sirui Zhang, Yi Xiao, Yangfan Cheng, Huifang Shang. Originally published in the Journal of Medical Internet
Research (https://www.jmir.org), 12.Mar.2026. Thisisan open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the origina work, first published in the Journal of Medical Internet Research (ISSN 1438-8871), is
properly cited. The complete bibliographic information, a link to the original publication on https.//www.jmir.org/, as well as
this copyright and license information must be included.

https://www.jmir.org/2026/1/€79935 JMed Internet Res 2026 | vol. 28 | 79935 | p. 28

RenderX

(page number not for citation purposes)


https://europepmc.org/abstract/MED/17442762
http://dx.doi.org/10.1136/jnnp.2006.111161
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17442762&dopt=Abstract
http://dx.doi.org/10.1016/j.gaitpost.2018.04.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29702370&dopt=Abstract
https://bmccomplementmedtherapies.biomedcentral.com/articles/10.1186/s12906-022-03519-y
http://dx.doi.org/10.1186/s12906-022-03519-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35130894&dopt=Abstract
https://europepmc.org/abstract/MED/32623190
http://dx.doi.org/10.1016/j.ajp.2020.102209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32623190&dopt=Abstract
https://europepmc.org/abstract/MED/33974019
http://dx.doi.org/10.1001/jama.2021.4348
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33974019&dopt=Abstract
https://europepmc.org/abstract/MED/36466518
http://dx.doi.org/10.3389/fpubh.2022.768252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36466518&dopt=Abstract
https://www.jmir.org/2026/1/e79935
http://dx.doi.org/10.2196/79935
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

