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Abstract

Introduction: Numerous mobile applications have been developed for Parkinson’s disease; however, their effec-
tiveness in improving clinical outcomes is uncertain.
Objective: This systematic review evaluated the effectiveness of mobile applications for Parkinson’s disease in 
diagnosis and self-management.
Methods: A review of the literature was conducted using PubMed, Ovid Medline, Scopus, ScienceDirect, 
Cochrane Library, and EMBASE for articles related to mobile applications in Parkinson’s disease published 
between 2011 and November 10, 2024. Meta-analyses were performed according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. The quality of the selected studies 
was assessed.
Results: Nineteen studies involving 1,080 participants across 10 countries were included in the review. These 
studies included 15 cross-sectional studies and four randomized controlled trials. Mobile applications were 
used for symptom monitoring, medication reminders, exercise, rehabilitation, and diagnosis of Parkinson’s 
disease. A meta-analysis of four randomized controlled trials found no significant difference between mobile 
application interventions and control groups (overall standardized mean difference [SSMD] = –1.12, 95% 
confidence interval [CI]: –5.53 to 3.29, p = 0.62). Subgroup analyses revealed no significant effect for either 
motor (standard mean difference = 0.02, 95% CI: −0.41 to 0.46, p = 0.91) or nonmotor symptoms (standard 
mean difference = −777.73, 95% CI: −2306.27 to 750.80, p = 0.32). 
Conclusion: Due to the limited number and heterogeneity of existing studies, the evidence regarding the 
effectiveness of mobile applications in Parkinson’s disease remains inconclusive. Further research is needed 
to strengthen the evidence and assess the clinical benefits of mobile applications in the management of 
Parkinson’s disease.
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Parkinson’s disease (PD) is the second most common 
neurodegenerative disorder after Alzheimer’s dis-
ease. It involves the selective degeneration of dopa-

minergic neurons located in the substantia nigra of the 
midbrain.1,2 The number of patients with PD is estimated 
to increase to more than 9 million worldwide by 2030.3 

Symptoms associated with PD vary among individ-
uals,  making PD extremely complex to treat. Motor 
symptoms include tremors, rigidity, postural instability, 
slowness of movement (bradykinesia), and uncontrollable 
movements (dyskinesia). Nonmotor symptoms include 
neuropsychiatric abnormalities, sleep disorders, auto-
nomic dysfunction, and constipation.1,4

Patients with PD report a lower quality of life com-
pared with healthy controls in most domains, particularly 
in physical function and mental health.5 Several factors, 
such as age, lack of knowledge, marital status, frequent 
hospitalization, duration of disease, severity of PD, anx-
iety and depression, ‘on-off’ phenomenon, and ‘wear-
ing-off’ phenomenon, have a negative influence on quality 
of life in these patients.6–8 Previous research reveals that 
the rate of premature unemployment due to PD ranges 
from 27% to 70%. Older age, later disease onset, longer 
disease duration, greater severity of symptoms, and lack 
of support from coworkers are the main factors associ-
ated with giving up work.9
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Patients with PD are admitted to hospitals at rates vary-
ing from 7% to 28% annually. Those suffering from PD or 
parkinsonism experience hospitalization approximately 
1.5 times more often and typically remain hospitalized for 
a duration of 2 to 14 days longer than patients without 
PD.10 Patients with PD have higher rates of emergency 
hospital admissions with longer hospital stays, higher 
costs, and in-hospital mortality. A cross-sectional analysis 
of the English Hospital Episodes Statistics database from 
2009 to 2013 revealed that during that time, there were 
324,055 PD admissions among 182,859 patients, of which 
232,905 were elective (72%). 

The total cost was £907 million ($1,225 million) (£777 
million [$1,049 million] for non-elective admissions), 
according to Low et al, (2015).11 Cost-effective interven-
tions to reduce the burden of hospitalization on patients, 
caregivers, and healthcare systems should be urgently 
sought.11

Today, assessment of patients with PD largely depends 
on motor evaluations performed by physicians during 
patient visits. However, this approach limits the ability 
to monitor continuously and accurately track symptom 
fluctuations or progression of PD in the intervals between 
scheduled appointments. Ultimately, this makes it more 
challenging to develop a comprehensive understanding of 
the patient’s condition over time. 

Mobile applications have revolutionized the experience 
for patients with PD, offering valuable disease-related 
information, symptom tracking, medication reminders, 
and tools that assist with daily activities.12 Mobile appli-
cations could be useful for managing PD. For patients, 
mobile applications can be used to monitor symptoms 
at home and as medication reminders.13 For health-
care professionals, mobile applications enable objective 
assessment of key parameters and facilitate treatment 
plans. Mobile applications can enhance the collaboration 
between healthcare professionals and patients toward 
more person-centered care and outcome measurements.14

To our knowledge, published systematic reviews have 
focused on the use of technology and mobile applications 
in PD for a patient’s self-care and symptom monitoring at 
home,13 but few have addressed their potential role as digi-
tal biomarkers in PD. Although many mobile applications 
have been developed for PD, their effectiveness in clinical 
outcomes is inconclusive. Therefore, the aim of this study 
was to systematically review the effectiveness of mobile 
applications for PD in diagnosis and self-management. In 
addition, we conducted meta-analyses to quantitatively 
determine whether mobile applications result in signifi-
cant improvements in the clinical outcomes of PD.

Materials and Methods
This systematic review was conducted in accordance with 
the recommendations of the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses 2020 (PRISMA) 
statement15 and was registered in the International 
Prospective Register of Systematic Reviews (PROSPERO) 
under protocol number CRD420251156480.

Search Strategy and Selection Criteria
A search was conducted in PubMed, Ovid Medline, 
Scopus, ScienceDirect, Cochrane Library, and EMBASE 
using the search query on November 10, 2024. The terms 
‘Parkinson’ AND ‘mobile application’ were used as the 
keywords for the concept and MeSH to search within the 
title, abstract, and keywords of the articles. 

Inclusion and Exclusion Criteria
All articles published between 2011 and 2024 were 
included. This start date was chosen because the first 
reference related to the management of PD by using a 
mobile application was published in 2011.16 All patients 
older than 18 years and diagnosed with idiopathic PD 
were selected. 

The inclusion criteria for articles in this systematic 
review were (1) patients diagnosed with idiopathic PD; 
(2) mobile applications installed in smartphones with/
without supplementary tools such as accelerometers, 
gyroscopes, smartwatches, and others for medical profes-
sionals, patients, and/or caregivers in optimizing patient 
outcome in PD; (3) articles in English; and (4) original 
articles published in electronic databases. Abstracts/con-
ference proceedings relevant to mobile applications in 
PD management were screened. Studies presented in sys-
tematic literature reviews, abstracts, case reports, letters 
to editors, preprint papers, protocols, and surveys were 
excluded. 

Study Selection 
The process of the article selection was initiated by 
screening titles and abstracts identified through the search 
strategy’s keywords. The articles were downloaded into 
EndNote reference management software. Duplicate 
articles were removed with EndNote and manually. Two 
authors independently reviewed the full texts of the 
retrieved articles using predefined inclusion and exclusion 
criteria. The final articles for inclusion were selected after 
reading the full text of the eligible articles and the refer-
ences. Any discrepancies between authors were resolved 
through discussion or by consulting the third author. 

Quality Assessment
The quality of included studies was assessed by using the 
Cochrane risk-of-bias tool. A revised tool for assessing 
risk of bias in randomized trials (RoB 2) was used for 
randomized controlled studies.17 Cochrane Risk of Bias 
in Nonrandomized Studies of Interventions (ROBINS-I) 
was used to assess risk of bias in nonrandomized studies 
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of interventions.18 The authors independently assessed the 
quality of the studies, and any discrepancies were resolved 
by consensus. 

Results
Search Results
A total of 2,174 articles were identified through electronic 
database searches, comprising PubMed (217), Embase 
(1,042), OVID Medline (211), Cochrane Library (98), 
ScienceDirect (414), and Scopus (192). After removing 
duplicates, 1,199 articles remained for screening. Based 
on title and abstract screening, 975 articles were excluded 
for not meeting the inclusion criteria. The full texts of 222 
articles were retrieved and assessed for eligibility. After 
reviewing the full text of the articles, the authors reached 
a consensus to include 19 studies in the final review 
(Figure 1).

General Characteristics of Included Studies
Appendix A lists the characteristics and outcomes of the 
included studies. Most studies were cross-sectional, with 
only four being randomized controlled trials. The dura-
tion of monitoring varied widely, ranging from several 

minutes in clinic settings to up to 1 year in home-based 
environments. 

The use of mobile applications is summarized in 
Figure 2. In the majority of studies, patients used mobile 
applications at home. Among these, 10 studies focused on 
self-monitoring of PD symptoms,19–28 and one examined 
ambulatory data during the ‘ON’ phase (after medication 
intake) and ‘OFF’ phase (following medication with-
drawal).29 One study evaluated changes in quality of life,30 
one assessed the impact of smartphone-based education,31 
two investigated smartphone-based exercise programs,32,33 
and one explored smartphone-assisted rehabilitation.34 In 
addition, three studies used mobile applications for the 
finger tapping test performance and walking test for clinic 
patients.29,35,36

Study Quality Assessment
The risk-of-bias assessments across five domains for four 
randomized studies are based on RoB 2. Two studies had 
an overall low risk of bias,26,34 while two raised concerns, 
primarily related to exclusion from the analysis due to 
missing outcome data20 and the potential for selective 
outcome reporting, particularly when only feasibility or 

Fig. 1.  Flow diagram for selection process. * Cochrane Library = 98, EMBASE = 1042, OVID Medline = 211, PubMed = 217, 
ScienceDirect = 414, Scopus = 192.
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preliminary efficacy outcomes were highlighted in the 
pilot study27 (Table 1).

Table 2 summarizes the risk of bias assessment across 
seven ROBINS-I domains for 15 nonrandomized studies. 
None of the studies achieved low overall risk of bias. Ten 
studies were rated as serious risk,19,21,23–25,28-30,32,37 mainly 
due to unmeasured, confounding, and incomplete out-
come data, while five were rated moderate.22,31,33,35,36 

The risk of bias is common in observational or 
quasi-experimental studies because most patients are 
recruited based on convenience or voluntary methods, 
which can lead to selection bias. In digital health research, 
blinding of subjects is difficult, and confounding fac-
tors such as digital literacy might also affect the research 
outcome. High dropout rates in some digital health 
research are due to technical problems or incomplete data 
in the mobile application. For mobile applications that 
involve self-reporting by patients, the outcome depends 
on the individual, which might lead to bias in the mea-
surement of outcomes.

Tools
Most studies used smartphone applications without assis-
tive tools to monitor motor symptoms (finger tapping, 
3-m timed-up-and-go test, and static balance test), non-
motor symptoms (cognitive impairment, pain, constipa-
tion, dysphagia, sleep disturbances, anxiety, depression, 
and fatigue), medication management, smartphone-based 
exercise programs, and self-management education. 

Some studies used smartphone applications with assis-
tive tools such as wrist and insole sensors21,25 to monitor 
gait, tremor, dyskinesia, and bradykinesia; foot-mounted 
inertial measurement units27 to monitor gait and balance; 
smartwatches22,26 to monitor motor and nonmotor symp-
toms, medication compliance, and symptom severity; 
multimodal telemedical intervention that combines video 
visits, a smartphone app, a camera system, and wearable 
sensors30 to monitor effects on medication and supportive 
therapy; and telerehabilitation plus a virtual reality pro-
gram34 using smartphone applications to monitor cogni-
tive and social function.

Sensitivity and Accuracy of Mobile Applications in PD
By using a smartphone application, Arora et  al. found 
that the mean sensitivity was 96.2% (standard deviation 
[SD] 2) and the mean specificity was 96.9% (SD 1.9%) in 
differentiating patients with PD versus healthy subjects.19 
Pan et  al.37 demonstrated that for hand resting tremor 
detection by using a mobile application, the sensitivity 
was 77% and the accuracy was 82%. Pierce et al. showed 
that an accuracy of up to 92.5% in gait classification was 
obtained from smartphone data.29

Meta-Analysis
Among the four randomized studies included in the 
systematic review, two studies used motor symptoms 
(UPDRS-III) and two studies used nonmotor symptoms 
as assessment tools. The results of the random-effect 
model using RevMan are presented in Table 3. Meta-
analysis of four randomized controlled trials (two tar-
geting motor and two targeting nonmotor symptoms) 
showed no significant difference between mobile appli-
cation interventions and control groups (overall stan-
dard mean difference = –1.12, 95% confidence interval 

Fig. 2.  Use of mobile applications in Parkinson’s disease.

Table 1.  The risk-of-bias assessments across five domains for four 
randomized studies

Authors (year) Risk of bias domains Overall risk 
of bias

D1 D2 D3 D4 D5

Ginis et al. (2016)27 

Lakshminarayana et  al. 
(2017)20

Park et al. (2022)26

Maggio et al. (2024)34

Assessment of bias domains is based on the Revised Cochrane Risk of 
Bias Tool for Randomized Trials (RoB 2). Domains: D1: randomization 
process, D2: deviations from the intended interventions, D3: missing 
outcome data, D4: measurement of the outcome. D5: selection of the 
reported results. Judgement:  low risk,  some concern,  high risk.
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[CI]: –5.53 to 3.29, p = 0.62). Subgroup analyses revealed 
no significant effect for either motor (standard mean dif-
ference = 0.02, 95% CI: –0.41 to 0.46, p = 0.91) or nonmo-
tor symptoms (standard mean difference = –777.73, 95% 
CI: –2306.27 to 750.80, p = 0.32). 

Discussion 
To our knowledge, this study is the first systematic review 
with meta-analysis to assess the impact of mobile applica-
tions in PD management. 

Morgan et al.13 was the first systematic review to eval-
uate the use of wearable and nonwearable technologies 
that passively monitor the activities of patients in the 
home or home-like environments. However, this system-
atic review did not clarify whether mobile applications 
for PD resulted in any improvement of clinical outcomes. 
Another systematic review by Lee et al.38 found that evi-
dence on the use of mobile applications in patients with 

PD is still inadequate to establish whether there is any 
improvement in symptoms, activity levels, medication 
adherence, or quality of life. 

We identified 19 studies on the use of mobile applica-
tions in patients with PD. Most applications were designed 
for symptom monitoring, while others supported diagnos-
tic purposes, exercise, patient education, and medication 
management. Of the 16 studies that included follow-up 
of patients using mobile applications, 11 reported signifi-
cant improvements in clinical outcomes, including physi-
cal activity, nonmotor symptoms, self-efficacy, medication 
adherence, and cognitive function.20,23,25–28,31–34,36 Evidence 
from the included studies suggests that mobile applica-
tions hold potential as supportive tools in the manage-
ment of PD, particularly in enhancing patient engagement 
and facilitating remote monitoring. However, most of the 
studies were nonrandomized and involved small sample 
sizes and short durations. In addition, the majority of 

Table 2.  The risk of a biased assessment across seven ROBINS-I domains for 15 nonrandomized studies

Authors (year) Risk of bias domains Overall risk of bias

D1 D2 D3 D4 D5 D6 D7

Arora et al. (2015)19

Kassavetis et al. (2016)35

Pan et al. (2015)37

Tsiouris et al. (2017)21

Elm et al. (2019)22

Marano et al. (2019)23

Pierce et al. (2021)29

Rosenblum et al. (2021)24

Bendig et al. (2022)30

Gaßner et al. (2022)25

Khachian et al. (2023) 31

Lützow et al. (2023)32

Ahn et al. (2024)33

Lee et al. (2024)28

Marsili et al. (2024)36

Domains: D1: risk of bias due to confounding, D2: risk of bias in classification of interventions, D3: risk of bias in selection of participants into the study 
(or into the analysis), D4: risk of bias due to deviations from intended interventions, D5: risk of bias due to missing data, D6: risk of bias arising from 
measurement of the outcome, D7: risk of bias in selection of the reported result. Judgement:  low risk,  some concern,  high risk.
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nonrandomized studies were rated as having a moder-
ate to severe risk of bias according to the ROBINS-I V2 
assessment tool, which limits the reliability and generaliz-
ability of the findings. 

Several studies reported the use of mobile applications in 
monitoring motor symptoms of patients with PD, including 
bradykinesia,35 tremor,35,37 gait,19,21,29,37 and the finger tapping 
test.36 Across the included studies,19,21,29,37 the sensitivity and 
accuracy of mobile applications in measuring gait among 
patients with PD varied substantially, ranging from 69 to 
96%. Mobile applications might serve as a useful screening 
aid and support diagnostic evaluation, but none have been 
validated and used as definitive diagnostic instruments. 

Mobile applications have been used for self-monitoring 
of motor and nonmotor symptoms by patients with PD 
at home. Adherence of the patient and caregiver to mobile 
applications is crucial. In the included studies, adherence 
to mobile applications among patients with PD demon-
strated considerable variability, with rates ranging from 33 
to 100%.19,20,22,25,27,28,30,32–34 These results should be interpreted 
with caution because most of the studies were short-term and 
therefore had insufficient data to make any conclusion about 
patients’ adherence to mobile applications in the long term. 

Patients with PD who have motor impairment, such as 
tremor, might have difficulty using mobile applications, 
especially during the OFF phase of anti-Parkinson’s 
medication. Most of the patients with PD are elderly and 

might have limited digital literacy, which will also affect 
their adherence to mobile applications. Besides, the com-
plexity of the task required by the patient can reduce the 
usability and engagement of the mobile application. For 
example, patients were asked to monitor the motor symp-
toms every 30 min over 3 days in the electronic diary30 or 
rate the symptom severity (for up to eight types of symp-
toms) three times per day,22 which led to low adherence by 
patients to the mobile application. In addition, if  clinicians 
are not engaged at the early stages of mobile application 
development, it might result in a gap in mobile applica-
tion measures and clinical assessments, which might limit 
the tool’s credibility and acceptance in practice.22 

Although the mobile applications in the 19 studies were 
independently developed, there was a high degree of sim-
ilarity between their functions. Most applications focused 
on motor symptoms such as tremor (n = 4), finger tapping 
(n = 2), and gait disturbances (n = 6). In addition, others 
covered nonmotor symptoms such as sleep disturbances 
(n = 2), cognitive impairment (n = 2), constipation (n = 2), 
and voice changes (n = 2) (Figure 2).

Apart from monitoring motor or nonmotor symptoms 
by using mobile applications, some features supported 
medication adherence, patient education, and exercise 
programs. A major limitation is that none bring together 
all relevant functions into a single platform. This means 
patients might need to use more than one application at the 

Table 3.  The effects of Parkinson’s disease mobile application on motor symptoms (UPDRS-III) and nonmotor symptoms

UPDRS: Unified Parkinson’s Disease Rating Scale, part III. 
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same time, which will reduce patients’ adherence to mobile 
applications, especially those with pre-existing motor and 
cognitive impairments. There is potential for collabora-
tion on mobile application development, but coordination 
between different research teams and regulatory bodies 
remains challenging. Some studies used clinical measure-
ment tools such as the unified Parkinson’s disease rating 
scale (UPDRS) for motor assessment of patients with PD, 
but the tools in mobile applications need to be validated 
before being used in routine clinical practice. 

Our systematic review included a meta-analysis of ran-
domized controlled trials to quantitatively determine the 
impact of mobile applications on clinical outcomes of PD. 
Meta-analytic results showed that current evidence was not 
sufficient to show any positive benefit of mobile applications 
in improving clinical outcomes among patients with PD. 
However, larger randomized controlled trials are needed to 
acquire results that will be more robust and reliable.

Future Directions
A roadmap is crucial to enforce patient-centered digital out-
come measures through mobile health technologies. Such 
a roadmap has been proposed by the Technical Working 
Group of the Movement Disorders Association, which 
comprises an online survey to determine patient-relevant 
endpoints, criteria on combination devices, examples of 
open-source integration platforms, and guidelines on assess-
ments of regulatory readiness concerning new devices.39 
Research teams must collaborate to conduct higher-quality 
and larger-scale randomized studies. Given similarities in 
functional features between mobile applications for PD, this 
collaboration will greatly assist research teams in creating 
better quality mobile applications and reducing redundancy. 
Besides, the involvement of doctors, patients, and caregivers 
with research teams at the initial stage of mobile application 
development is important. This ensures that mobile applica-
tions are addressing end-user needs and are sustainable for 
integration into the daily life of the patient in the long term.

Mobile applications can be considered as potential dig-
ital biomarkers for PD only after validation with reference 
tools (e.g. gyroscopes/accelerometers/inertial sensors) and 
clinical scales (e.g. UPRDS). Besides, mobile applications 
should be validated for accuracy (laboratory validity), 
reliability (test-retest within and across sensors), sensitiv-
ity, and minimal clinically significant difference for rele-
vant endpoints when evaluated with patient condition.39 
Mobile application development should also comply with 
emerging regulatory requirements on digital health tech-
nologies. Health data are sensitive personal data; there-
fore, security, transparency, and accountability are three 
key aspects of building systems for the protection of 
health data. National guidelines on patient rights should 
also be considered to safeguard patients and effectively 
prevent unauthorized access or misuse and loss of data.40

Future research on PD mobile applications should 
explicitly consider medication status, such as through 
standardized measurement of drug action periods (ON 
or OFF) or stratified analysis, for valid interpretation of 
intervention effects. This systematic review contains sev-
eral studies analyzing the effects of smartphone-based 
training interventions on motor function in patients with 
PD.27,32,33 However, a major limitation is that most studies 
do not clearly specify whether the assessment of motor 
outcomes was conducted during the ON or OFF phase 
of anti-Parkinson’s medication. Motor function fluctu-
ates significantly with dopaminergic therapy cycles,41 and 
not controlling medication status might lead to potential 
confounding whereby improvements in reported motor 
function could be due to differences in medication timing 
(ON or OFF phase) rather than the actual effect due to 
the intervention.

The sustainability of PD mobile applications needs to 
be taken into consideration because it involves software 
updates, cybersecurity measures, user support, and adap-
tation to clinical practices. All these requirements will 
incur additional costs that might affect the expansion of 
the mobile application, especially in healthcare systems 
with limited resources. Therefore, economic analysis can 
be carried out to assess whether the mobile application 
causes a positive net benefit to the healthcare system. 

To date, completed cost-utility evaluations (such as 
quality-adjusted life year [QALY]-based specifically for 
mobile applications in PD) remain scarce, with most 
mobile application studies reporting feasibility or clinical 
endpoints rather than economics. Muñoz et al. found that 
early detection of PD using a sensor-based intervention 
has an estimated cost-effectiveness of $31,305/QALY, 
which is lower than the commonly accepted threshold 
used in the U.S.,42 but this study did not involve a mobile 
application. Another study investigated the costs and 
results of telerehabilitation in neurological (particularly in 
stroke patients) and cardiological diseases, but not in PD.43 

In the future, the development of artificial intelligence 
(AI)-driven mobile applications can be explored to facili-
tate early detection, symptom monitoring, and treatment 
of PD. A recent systematic review highlighted the use of 
an AI-based approach in PD diagnosis, with the accuracy 
rates between 78 and 96%.44 Besides, AI has been used to 
assess PD severity in a home setting and enable remote 
evaluation of patients by a doctor.45 

Strengths and Limitations
This is the first systematic review to unify and consolidate 
existing evidence on mobile app-based diagnostics and 
self-management interventions for PD in a single compre-
hensive synthesis. Slightly different from previous reviews 
that emphasized either symptom monitoring or patient 
self-management, this article discussed the emerging role 
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of mobile apps as digital biomarkers, expanding the clini-
cally relevant dimensions of telehealth in PD.

The review was conducted using a rigorous and trans-
parent methodology, a structured literature search, pre-
defined inclusion criteria, and a standardized risk of 
bias assessment according to PRISMA guidelines. Both 
cross-sectional studies and randomized controlled trials 
reflected real-world, large-scale assessments of clinical 
effectiveness. The use of meta-analysis allowed for quan-
titative estimation of the number of patients achieving 
specific clinical outcomes, thus providing an objective evi-
dence base that goes beyond narrative synthesis.

Several limitations should be noted. A limited num-
ber of randomized controlled trials were conducted, and 
significant heterogeneity was observed across studies 
in terms of study design, outcome measures, follow-up 
duration, and mobile app functionality, which may have 
impacted the robustness of the pooled estimates. Many of 
the included studies were cross-sectional, limiting causal 
inferences regarding clinical effectiveness.

Variation in the validation status of  mobile apps and 
outcome measures, particularly those related to digital 
biomarkers, might have introduced measurement error. 
This review might also lack relevant studies due to pub-
lication bias and language limitations. Because this sys-
tematic review only included the studies with PD mobile 
applications, interventions that involve other digital 
health and telemedicine were excluded. Furthermore, 
studies published before 2011 were excluded, which 
might result in missing relevant articles from this period.

Conclusion
Due to the limited number and heterogeneity of existing 
studies, the evidence regarding the effectiveness of mobile 
applications in the treatment of PD remains inconclusive. 
Further research is needed to strengthen the evidence and 
assess the clinical benefits of mobile applications in the 
management of PD.
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