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Abstract

Introduction: Numerous mobile applications have been developed for Parkinson’s disease; however, their effectiveness 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 disease. It involves the selective degeneration of dopaminergic 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 individuals, 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, autonomic dysfunction, and constipation.1,4

Patients with PD report a lower quality of life compared 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, anxiety and depression, ‘on-off’ phenomenon, and ‘wearing-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 associated with giving up work.9

Patients with PD are admitted to hospitals at rates varying 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 interventions 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 applications could be useful for managing PD. For patients, mobile applications can be used to monitor symptoms at home and as medication reminders.13 For healthcare 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 digital 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 significant 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 professionals, patients, and/or caregivers in optimizing patient outcome in PD; (3) articles in English; and (4) original articles published in electronic databases. Abstracts/conference proceedings relevant to mobile applications in PD management were screened. Studies presented in systematic 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 references. 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 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).

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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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 duration 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 withdrawal).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

Fig. 2.Use of mobile applications in Parkinson’s disease.
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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 preliminary efficacy outcomes were highlighted in the pilot study27 (Table 1).

Table 1.The risk-of-bias assessments across five domains for four randomized studies
[image: THMT-11-676-T1.jpg]

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 outcome data, while five were rated moderate.22,31,33,35,36

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

Tools

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

Some studies used smartphone applications with assistive 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 symptoms, 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 program34 using smartphone applications to monitor cognitive 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 targeting motor and two targeting nonmotor symptoms) showed no significant difference between mobile application interventions and control groups (overall standard mean difference = –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).

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

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

Morgan et al.13 was the first systematic review to evaluate the use of wearable and nonwearable technologies that passively monitor the activities of patients in the home or home-like environments. However, this systematic 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 evidence 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 applications in patients with PD. Most applications were designed for symptom monitoring, while others supported diagnostic purposes, exercise, patient education, and medication management. Of the 16 studies that included follow-up of patients using mobile applications, 11 reported significant improvements in clinical outcomes, including physical 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 applications hold potential as supportive tools in the management 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 nonrandomized studies were rated as having a moderate to severe risk of bias according to the ROBINS-I V2 assessment tool, which limits the reliability and generalizability 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 demonstrated 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 complexity 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 symptoms every 30 min over 3 days in the electronic diary30 or rate the symptom severity (for up to eight types of symptoms) 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 application 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 similarity 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 same time, which will reduce patients’ adherence to mobile applications, especially those with pre-existing motor and cognitive impairments. There is potential for collaboration on mobile application development, but coordination between different research teams and regulatory bodies remains challenging. Some studies used clinical measurement 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 randomized 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 outcome 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 assessments 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 applications 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 digital 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), sensitivity, and minimal clinically significant difference for relevant endpoints when evaluated with patient condition.39 Mobile application development should also comply with emerging regulatory requirements on digital health technologies. Health data are sensitive personal data; therefore, 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 several 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 fluctuates 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 adaptation 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 facilitate 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 comprehensive synthesis. Slightly different from previous reviews that emphasized either symptom monitoring or patient self-management, this article discussed the emerging role of mobile apps as digital biomarkers, expanding the clinically relevant dimensions of telehealth in PD.

The review was conducted using a rigorous and transparent methodology, a structured literature search, predefined 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 quantitative estimation of the number of patients achieving specific clinical outcomes, thus providing an objective evidence base that goes beyond narrative synthesis.

Several limitations should be noted. A limited number 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 publication bias and language limitations. Because this systematic 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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Appendix A: A summary of the studies included in the review




	Author, Year, and Country
	Study design
	Sample size
	Tool
	Intervention duration
	Location
	Assessment
	Results





	Arora et al. (2015) / United States19
	Cross-sectional study
	10 PD patients and 10 controls
	Smartphone
	Five tasks four times a day for a month
	Home
	Voice, posture, gait, finger tapping, and response time
	In discriminating participants with PD from controls, the mean sensitivity was 96.2% (SD 2%) and the mean specificity was 96.9% (SD 1.9%).



	Kassavetis et al. (2016) / London, UK35
	Cross-sectional study
	14 PD patients
	Smartphone with accelerometer
	A single experimental session lasted approximately 30 min.
	Clinic
	Tremor, bradykinesia
	Significant correlation between five subscores of MDS-UPDRS (rest tremor, postural tremor, pronation-supination, leg agility, and finger tapping) and eight parameters of the data collected with the smartphone.



	Pan et al. (2015) / United States37
	Cross-sectional study
	40 PD patients
	Smartphone with accelerometer
	A single motor performance test session
	Clinic
	Hand resting tremor, walking, and turning
	For hand resting tremor detection, the sensitivity was 0.77, and the accuracy was 0.82. For gait difficulty detection, the sensitivity was 0.89, and the accuracy was 0.81.



	Lakshminarayana et al. (2017) / England, Scotland20
	RCT
	94 PD patients and 107 controls
	Smartphone
	16 weeks
	Home
	Medication adherence, QoL, nonmotor symptoms, anxiety, depression, beliefs about medication
	Parkinson’s tracker app significantly improved adherence, compared with treatment as usual (mean difference: 0.39, 95% CI: 0.04–0.74; p = 0.0304), patients’ perception of quality of consultation (0.15, 95% CI: 0.03 to 0.27; p = 0.0110).



	Tsiouris et al. (2017) / Europe21
	Cross-sectional study
	20 PD patients
	Smartphone, commercial wrist and insole sensors
	Eight sessions in which patients performed a set of everyday activities following the protocol
	Home
	Motor symptoms (gait, freezing of gait events, tremor, dyskinesia, and bradykinesia)
	Gait: 69% was correctly estimated in accordance to the clinician’s MDS-UPDRS gait annotation.
Tremor: detected with 94% accuracy, while amplitude estimation had an 88% accuracy across all classes
Dyskinesia: detection accuracy was between 88 and 98%



	Elm et al. (2019) / United States22
	Cross-sectional study
	39 PD patients
	Clinician dashboard, smartphone, smartwatch
	6 months
Each participant was asked to report their symptoms (for up to eight types of symptoms) at least three times per day in the app.
	Home
	Constipation, balance, rigidity, bradykinesia, voice, dyskinesia, tremor, gait, sleep dysfunction, medication compliance, symptom severity
	Reporting of symptoms and medication intake using the app was lower than expected, 44 and 60%, respectively.



	Marano et al. (2021) / Italy23
	Cross-sectional study
	33 PD patients
	Smartphone
	4 weeks
	Home
	3-min timed-up-and-go test static balance test
	The stand-up time and the mediolateral sway, acquired through the application, differed between ‘fallers’ and ‘nonfallers’ and related to the occurrence of new falls (OR 1.7 and 1.6, respectively, p < 0.05), together with previous falling (OR 7.5, p < 0.01).



	Pierce et al. (2021) / USA29
	Cross-sectional study
	20 PD patients
	Smartphone
	Two observation sessions (i.e. OFF vs ON)
	Home
	Ambulatory data after medication abstention (OFF) and approximately 30 min after intake of their medication (ON)
	Up to 92.5% gait classification accuracy was achieved using raw smartphone data.



	Rosenblum et al. (2021) / Israel24
	Cross-sectional study
	36 PD patients
	Smartphone
	The two evaluation tasks were carried out with an interval of 3–7 months between each task
	Home
	Mild cognitive impairment
	Did not obtain statistical significance for the differences between users with high and low MoCA scores



	Bendig et al. (2022) / Germany30
	Cross-sectional study
	11 PD patients
	Multimodal telemedical intervention that combines video visits, a smartphone app, a camera system, and wearable sensors
	12 weeks
	Home
	QoL, effects on medication and supportive therapy
	No significant difference in the total PDQ-39 score between the first and the second measurement (p = 0.9972, paired t-test).



	Gaßner et al. (2022) / Germany25
	Cross-sectional study
	15 PD patients
	Smartphone, wearable sensors that were attached to the outer rear side of each shoe
	4 weeks
	Home
	System usability scale, QoL, patient-defined motor symptoms, UPDRS-III, timed up and go test, 2-min walking test, and sensor-based gait analysis.
	Patient-defined motor tasks of daily living significantly improved by 40% on average in 87% (13/15) of the patients.



	Park et al. (2022) / South Korea26
	RCT
	20 PD patients and 23 controls
	Mobile applications, smartwatches, smartphone-based short text messages and information, and telephone counselling
	16 weeks
	Home
	Self-efficacy, motor symptom, nonmotor symptom, self-management, QoL
	Self-efficacy and nonmotor symptom scores in the intervention group significantly improved compared with those in the control group.



	Khachian et al. (2023) / Iran31
	Cross-sectional study
	77 PD patients
	Smartphone
	12 weeks
	Home
	Effect of self-management education based on the mobile application on the QoL
	The mean score of QoL was significantly improved



	Lützow, L et al. (2023) / Germany32
	Cross-sectional study
	Total= 33 PD patients (17 in smartphone group and 16 in control group)
	Smartphone
	26-week training period
	Home
	UPDRS‑III, gait parameters, QoL
	Did not show any significant changes in UPDRS-III, sensor-based gait parameters, and QoL



	Ahn et al. (2024) / South Korea33
	Cross-sectional study
	25 PD patients
	Smartphone
	2 weeks
	Home
	Effect of home-based exercise program in mobile apps on physical activity and QoL
	Median MET-min/week rose from 1386.0 to 3210.0 (P = 0.009), primarily in moderate activities (P = 0.049) and walking (P = 0.002). Median PDQ-39 scores showed improvement from 17.2 to 8.5 (P = 0.005) after the program.



	Lee et al. (2023) / Korean38
	Cross-sectional study
	22 PD patients
	Smartphone
	6 weeks
	Home
	Nonmotor symptoms (pain, constipation, dysphagia, sleep disturbances, and fatigue), games to address motor symptoms, and medication management
	The successful experience of self-monitoring had improved participants’ self-efficacy (Z = −3.634, P < 0.001) and medication adherence (Z = −3.371, P = 0.001).



	Maggio et al. (2024) / Italy34
	RCT
	34 PD patients
	Telerehabilitation plus virtual reality program using two rehabilitation applications on smartphones
	6 weeks
	Home
	Cognitive and social function
	The intergroup comparison showed that smartphone application groups had significantly greater improvements than active control group in MoCA score.



	Marsili et al. (2024) / US36
	Cross-sectional study
	295 PD patients and 62 controls
	Smartphone
	1 year
	Clinic
	Tapping test performance: Coefficient of variation, coefficient of quartile variation, time between taps (ms), frequency (taps/s), number of taps, duration (s)
	Intertap variability (dysrhythmia) but no intertap intervals or tapping speed are reliably distinctive features of an app-based bradykinesia assessment in PD.



	Ginis et al. (2016) / Belgium, Israel27
	RCT
	Total= 40 PD patients (22 in smartphone group and 18 in control group)
	A smartphone application offered positive and corrective feedback on gait with the foot-mounted IMUs
	6 weeks
	Home
	Gait, balance, endurance, and QoL
	The smartphone group improved significantly more on balance at posttest (from 24.8 to 26.1, SD~5) and maintained QoL (SF-36 physical health) at follow-up, whereas the control group deteriorated (from 50.4 to 48.3, SD~16).



	PD: Parkinson’s disease; SD: standard deviation; IMU: inertial measurement units.
PUBMED search strategy.
((“parkinson disease”[MeSH Terms] OR (“parkinson”[All Fields] AND “disease”[All Fields]) OR “parkinson disease”[All Fields] OR “parkinson s”[All Fields] OR “parkinsons”[All Fields] OR “parkinson”[All Fields] OR “parkinsonian disorders”[MeSH Terms] OR (“parkinsonian”[All Fields] AND “disorders”[All Fields]) OR “parkinsonian disorders”[All Fields] OR “parkinsonism”[All Fields] OR “parkinsonisms”[All Fields] OR “parkinsons s”[All Fields]) AND (“mobile applications”[MeSH Terms] OR (“mobile”[All Fields] AND “applications”[All Fields]) OR “mobile applications”[All Fields] OR (“mobile”[All Fields] AND “application”[All Fields]) OR “mobile application”[All Fields]))
COCHRANE LIBRARY search strategy.
#1 MeSH descriptor: [“Parkinson”] explode all trees
#2 “Lewy Body Parkinson’s Disease” OR “Idiopathic Parkinson’s Disease” OR “Parkinson Disease” OR Idiopathic OR “Parkinson’s Disease” OR “Primary Parkinsonism” OR “Parkinson’s Disease, Lewy Body” OR “Paralysis Agitans” OR “Parkinson’s Disease, Idiopathic” OR “Lewy Body Parkinson Disease” OR “Idiopathic Parkinson Disease” OR Parkinsonism OR Primary
#3 #1 OR #2
#4 MeSH descriptor: [Mobile Applications] explode all trees
#5 “Mobile Application” OR “Apps, Mobile” OR “Mobile Apps” OR “App, Mobile” OR “Application, Mobile” OR “Applications, Mobile” OR “Mobile App” OR “Smartphone Apps” OR “Apps, Smartphone” OR “App, Smartphone” OR “Smartphone App” OR “Portable Electronic Application” OR “Portable Electronic Apps” OR “Electronic App, Portable” OR “App, Portable Electronic” OR “Portable Electronic Applications” OR “Application, Portable Electronic” OR “Electronic Application, Portable” OR “Portable Electronic App” OR “Software Application, Portable” OR “Application, Portable Software” OR “Portable Software Applications” OR “Software App, Portable” OR “Portable Software Apps” OR “App, Portable Software” OR “Portable Software App” OR “Portable Software Application”
#6 #4 OR #5
#7 #3 AND #6
EMBASE search strategy.
#1 ‘parkinson disease’/exp
#2 ‘idiopathic parkinsonism’ OR ‘Lewy bodies of Parkinson disease’ OR ‘Lewy bodies of Parkinson`s disease’ OR ‘Lewy bodies of Parkinsons disease’ OR ‘Lewy body Parkinson disease’ OR ‘Lewy body Parkinson`s disease’ OR ‘Lewy body Parkinsons disease’ OR ‘paralysis agitans’ OR ‘Parkinson dementia complex’ OR ‘Parkinson`s disease’ OR ‘Parkinsons disease’ OR ‘primary parkinsonism’ OR ‘Parkinson disease’
#3 #1 OR #2
#4 ‘mobile application’/exp
#5 ‘mobile app’ OR ‘mobile applications’ OR ‘mobile apps’ OR ‘portable software app’ OR ‘portable software application’ OR ‘portable software applications’ OR ‘portable software apps’ OR ‘tablet application’ OR ‘mobile application’
#6 #4 OR #5
#7 #3 AND #6
OVID MEDLINE search strategy.
(“parkinson disease”[MeSH Terms] OR (“parkinson”[All Fields] AND “disease”[All Fields]) OR “parkinson disease”[All Fields]) AND (“mobile applications”[MeSH Terms] OR (“mobile”[All Fields] AND “applications”[All Fields]) OR “mobile applications”[All Fields] OR (“mobile”[All Fields] AND “application”[All Fields]) OR “mobile application”[All Fields])
ScienceDirect search strategy.
https://www.sciencedirect.com/search?qs=parkinson+and+mobile+application&date=2011-2024&years=2011%2C2012%2C2013%2C2014%2C2015%2C2016%2C2017%2C2018%2C2019%2C2020%2C2021%2C2022%2C2023%2C2024&lastSelectedFacet=publicationTitles&articleTypes=FLA&langs=en&subjectAreas=2800&publicationTitles=280683%2C271171%2C785212%2C271055%2C271071%2C271069%2C786868%2C272509%2C272536%2C271072%2C785210%2C271068%2C272194%2C272508%2C271597%2C271080%2C271029%2C280061%2C272555
Scopus search strategy.
TITLE-ABS-KEY ( parkinson AND mobile AND application ) AND PUBYEAR > 2010 AND PUBYEAR < 2025 AND ( LIMIT-TO ( SUBJAREA , “MEDI” ) OR LIMIT-TO ( SUBJAREA , “NEUR” ) OR LIMIT-TO ( SUBJAREA, “HEAL”) OR LIMIT-TO ( SUBJAREA , “PHAR” ) ) AND ( LIMIT-TO ( DOCTYPE , “ar” ) OR LIMIT-TO (DOCTYPE , “re” ) ) AND ( LIMIT-TO ( LANGUAGE , “English” ))
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