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Abstract

Objective The results of randomised controlled trials (RCTs) and meta-analyses in the literature on whether technologies
used in Parkinson’s disease (PD) improve health-related quality of life (HRQoL) are varied, making it difficult to reach a
definitive conclusion. Therefore, the aim was to investigate the effect of technologies used in PD on HRQoL according to
moderator variables.

Methods The mean effect size was calculated using either the fixed-effects or random-effects model. Assessment timepoints,
technology and scale types were used as moderator variables. Technology types: Mobile health (mHealth), robotic-assisted,
telerehabilitation, virtual reality and wearable technologies. The Egger’s regression method was used to assess publication
bias. The quality assessment used the risk of bias (RoB) 2 method. The results of the meta-analysis were evaluated clinically
and statistically.

Results The meta-analysis included 34 RCTs. RCTs were published in the form of thesis and article publications between
2012 and 2025. The control group had 709 patients, the experimental group 759. The RoB 2 method indicates that the major-
ity of RCTs are low risk of bias. According to the Egger’s regression method, there is no publication bias. According to the
results of the meta-analysis, mHealth, robotic-assisted, telerehabilitation, virtual reality and wearable technologies used in
PD have the potential to improve patients’ HRQoL.

Conclusion The technologies used in PD have the potential to improve patients’ HRQoL. These results could provide signifi-
cant opportunities for effectively managing the disease and its treatment, as well as improving patients’ daily living activities.
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Introduction Telerehabilitation technologies aim to reduce the severity

of motor symptoms in patients with PD, thereby improv-

In Parkinson’s disease (PD), mobile health (mHealth),
robotic-assisted, telerehabilitation, virtual reality and wear-
able technologies can be used to improve patients’ health-
related quality of life (HRQoL) [1-5]. mHealth technologies
aim to improve patients’ HRQoL with PD by encouraging
regular exercise and improving treatment adherence and
management of motor and non-motor symptoms [5-8].
Robotic-assisted technologies aim to improve patients’
HRQoL with PD by encouraging regular exercise and devel-
oping cognitive, motor and functional skills. They also aim
to reduce gait disorders and postural instability [2, 9-12].
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ing upper extremity motor function and reducing postural
instability. These technologies can also improve clinical
outcomes by encouraging regular exercise and improv-
ing cognitive function and balance. Furthermore, they can
increase walking speed and prevent falls, thereby improving
activities of daily living and enhancing HRQoL [1, 13-21].
Virtual reality technologies aim to improve patients’ HRQoL
with PD by reducing gait disturbances and improving bal-
ance to prevent falls. They also aim to develop cognitive and
upper extremity motor functions and increase limb muscle
strength [3, 22-32]. Wearable technologies aim to improve
patients’ HRQoL with PD by reducing gait disturbances and
postural instability, monitoring motor fluctuations continu-
ously, adjusting medication doses correctly, and managing
symptoms more effectively [4, 33, 34].
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In summary, these technologies can be used in PD to
improve patients’ HRQoL by encouraging regular exercise;
developing cognitive, motor and functional skills; reduc-
ing symptoms, improving balance and preventing falls.
Assessments of HRQoL in these settings may offer signifi-
cant opportunities for effectively managing the disease and
treatment, as well as improving patients’ daily living activi-
ties. Conversely, the results of randomised controlled trials
(RCTs) [1-5, 8, 12, 18, 25, 33] and meta-analyses [35, 36]
in the literature on whether technologies used in PD improve
HRQoL are varied, making it difficult to reach a definitive
conclusion. These RCTs use the following technologies:
mHealth, robotic-assisted, telerehabilitation, virtual reality,
and wearable technologies. Meta-analysis studies, however,
are limited to RCTs on the use of virtual reality technol-
ogy [35, 36]. These circumstances highlight the need for a
comprehensive meta-analysis to generate robust and gen-
eralisable results. For these reasons, the aim of this study
was to investigate the effect of technologies used in PD on
HRQoL, according to moderator variables, using meta-anal-
ysis method. The following fundamental research question
has been identified based on the aim of the study.

Primary research question: What effect do technolo-
gies used in PD have on HRQoL, according to moderator
variables?

Methods
Reporting

The PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analysis) guideline was used to report
the meta-analysis study [37].

Search strategy

A search was conducted in Web of Science, PubMed,
Cochrane Library, ProQuest, Council of Higher Education
(CoHE) Thesis Centre, TR Index, and DergiPark databases,
up to January 11, 2026. The following Boolean search for-
mula in Turkish and English was used for the searches:

intitle: (“telerehabilitation” OR “virtual reality” OR “aug-
mented reality” OR “wearable technology” OR “sensor”
OR “mHealth” OR “mobile health” OR “robotic” OR
“telemedicine” OR “telehealth” OR “technology” OR
“deep brain stimulation” OR “artificial intelligence” OR
“deep learning” OR “machine learning”) AND (“Par-
kinson’s disease” OR “quality of life” OR “randomised
controlled trial”)

intitle: (“telerehabilitasyon” VEYA “sanal gercek-
lik” VEYA “artirtlmis gerceklik” VEYA “giyilebilir
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teknoloji” VEYA “sensdor” VEYA “mobil saglik”
VEYA “robotik” VEYA “teletip” VEYA “telesaglik”
VEYA “teknoloji” VEYA “derin beyin stimiilasyonu”
VEYA “yapay zekd” VEYA “derin 6grenme” VEYA
“makine 6grenme”) VE (“Parkinson hastaligi” VEYA
“yasam kalitesi” VEYA “randomize kontrol ¢aligmas1’™)

Study selection

The inclusion criteria are as follows: (1) patients who have
received a PD diagnosis; (2) patients in the experimental
group (EG) who have undergone any technological inter-
vention, and patients in the control group (CG) who have
not undergone any technological intervention; (3) patients’
HRQoL having been assessed in both the EG and CG after
the technological intervention (post-intervention), or
patients’ HRQoL having been assessed in the EG during
the pre-intervention, post-intervention and/or follow-up
periods; (4) RCTs; (5) studies in Turkish and/or English;
(6) full-text studies; and (7) studies reporting the statistics
necessary to calculate the effect size.

The exclusion criteria are as follows: (1) patients who
have not received a PD diagnosis; (2) patients in the EG
who have not received any technological intervention
and patients in the CG who have received any techno-
logical intervention; (3) patients’ HRQoL having not been
assessed after technological intervention in the EG and
CG (post-intervention), or patients’ HRQoL having not
been assessed in the EG during the pre-intervention, post-
intervention and/or follow-up periods; (4) studies other
than RCTs; (5) studies in different languages; (6) abstract
studies or studies whose full text could not be accessed;
(7) studies that did not report the statistics necessary to
calculate the effect size; and (8) duplicate studies.

The studies reviewed in the meta-analysis were assessed
according to these selection criteria across four time peri-
ods. This corrected differences in the selection of studies,
thus preventing researcher bias.

Data extraction

The following data were obtained from the included stud-
ies: authors, study title, database, year of publication, lan-
guage of publication, research design, technology type,
scale type, assessment timepoints, post-intervention and
follow-up assessment duration (in weeks), statistical data,
and quality assessment results. To correct coding discrep-
ancies, enhance data accuracy and prevent researcher bias,
the author verified these data across four different time
periods.
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HRQol scales

The Short Form (SF)-36, SF-12, Parkinson’s Disease Ques-
tionnaire (PDQ)-39 and PDQ-8 scales were used to assess
patients’ HRQoL in the studies included in the meta-analy-
sis. The SF-36 scale comprises eight subscales. The SF-12
scale is a shorter version of the SF-36 scale. Scores on the
SF-36 and SF-12 scales range from 0 to 100. A high score
indicates a good health status [30, 31]. The PDQ-39 scale
comprises eight subscales. The PDQ-8 is a shorter version
of the PDQ-39 scale. Scores on the PDQ-39 and PDQ-8
scales range from 0 to 100. A low score indicates a good
health status [1, 3].

Meta-analysis

The random effect model was used to calculate the mean
effect size (M) if the between-studies variance (T?) and the
amount of heterogeneity (I>) were not equal to zero. The
fixed effect model was used if T and I?> were equal to zero.
To prevent differences in evaluation according to the SF
and PDQ scales, the SF scale means were multiplied by
—1 [38]. The moderator variables were determined as the
assessment timepoints (pre-intervention, post-intervention,
and follow-up periods), and the technology and scale types
(mHealth, robotic-assisted, telerehabilitation, virtual real-
ity, and wearable technologies; SF-36, SF-12, PDQ-39, and
PDQ-8 scales). The meta-analyses used these variables for
the EG vs. CG, and EG comparisons. The Comprehensive
Meta-Analysis (CMA v. 4) programme was used to analyse
the data.

Publication bias

The publication bias analysis was performed using the Egg-
er’s regression method. The method states that if a p-value
is greater than 0.05, it indicates the absence of publication
bias (p>0.05) [39].

Evaluation of clinical significance

The distribution-based method was used to calculate
threshold values (Minimal Clinically Important Differ-
ence — MCID) in order to evaluate clinical significance [40].
Accordingly, a separate MCID has been calculated for each
meta-analysis. If the M values are greater than the MCIDs,
this indicates clinical significance (IMI>MCID) [38].

Quality assessment
The risk of bias (RoB) 2 method was used to assess the qual-

ity of RCTs. The RoB 2 method consists of six domains: (1)
the randomisation process, (2) deviations from the intended

intervention, (3) missing outcome data, (4) measurement
of the outcome, (5) selection of the reported result, and (6)
overall risk of bias. Each domain is assessed as having a
“low risk of bias”, “some concerns”, or “high risk of bias”
[41]. To correct for assessment differences, enhance the
accuracy of the data, and thereby prevent researcher bias, the
quality assessments of the included RCTs were conducted

across four different time periods.

Results
Study selection

A total of 2682 studies were identified through the screening
process. Of these, 363 duplicate studies were excluded. Sub-
sequently, 111 studies whose full text could not be accessed
were excluded. Following a full-text review and assessment,
2174 of the remaining 2208 studies were excluded. In the
end, 34 RCTs that met the inclusion criteria were included
in the meta-analysis (Fig. 1).

Study characteristics

The study sample consists of 34 RCTs that met the selec-
tion criteria from among 2682 publications (Fig. 1). The
studies were published between 2012 and 2025 in the form
of thesis and article publications in Turkish and/or English.
They were conducted using an RCT study design. A total
of 759 patients with PD were included in the EG, and 709
patients with PD were included in the CG. The technology
types used in RCTs include mHealth, robotic-assisted, teler-
ehabilitation, virtual reality and wearable technologies. The
scale types that are used are the SF-36, SF-12, PDQ-39 and
PDQ-8 scales (Table 1).

Results of the quality assessment

The RoB 2 method’s quality assessment indicates low risk of
bias in 23 studies, and some concerns in 11 studies (Table 2).

Results of the publication bias analysis

According to the Egger’s regression method, there is no
publication bias in the meta-analyses of EG & CG (post-
intervention) (t=1.18; p=0.12), post- & pre-interventions
(EG) (t=1.06; p=0.15), follow-up & pre-intervention (EG)
(t=1.79; p=0.06), and follow-up & post-intervention (EG)
(t=1.65; p=0.07).

@ Springer
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Fig. 1 Flow diagram

Results of the meta-analysis

Results of the meta-analysis on the effect of mHealth
technology on HRQoL

In mHealth technology, EG patients have statistically and
clinically better HRQoL than CG patients (M =—0.56, 95%
CI [-1.08, —0.05], py <0.05, IMI>MCID). According to
the PDQ-39 scale, they also have clinically better HRQoL
(95% CI, py;>0.05, IMI>MCID). Other analysis results sug-
gest that mHealth technology clinically improves patients’
HRQoL (95% CI, py;> 0.05, IMI> MCID) (Tables 3 and 4).

Results of the meta-analysis on the effect
of robotic-assisted technology on HRQoL

In robotic-assisted technology, post-intervention and follow-up
patients in the EG have clinically better HRQoL than pre-inter-
vention patients (95% CI, py;>0.05, IMI> MCID). Other anal-
ysis results show that the use of robotic-assisted technology
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has no statistically or clinically significant improvement on
HRQoL (95% CI, py;> 0.05, IMI< MCID) (Tables 3 and 4).

Results of the meta-analysis on the effect
of telerehabilitation technology on HRQoL

In telerehabilitation technology, post-intervention patients in
the EG have statistically and clinically better HRQoL than
pre-intervention patients (95% CI, py;<0.05, IMI>MCID).
The PDQ-39 scale shows no statistical or clinical improve-
ment in technology use HRQoL for EG patients compared to
CG patients (95% CI, py > 0.05, IMI< MCID). However, the
PDQ-8 scale shows clinical improvement in HRQoL (95%
CI, py>0.05, IMI>MCID) (Tables 3 and 4).

Results of the meta-analysis on the effect of virtual reality
technology on HRQoL

In virtual reality technology, EG patients have statistically
and clinically better HRQoL than CG patients, and follow-up
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patients in the EG have better HRQoL than pre-intervention
patients (95% CI, py;<0.05, IMI>MCID). However, follow-up
patients in the EG have clinically better HRQoL than post-inter-
vention patients (95% CI, py;>0.05, IMI>MCID). Conversely,
although post-intervention patients in the EG have clinically bet-
ter HRQoL than pre-intervention patients (95% CI, py,>0.05,
IMI>MCID), they also have statistically and clinically better
HRQoL according to the PDQ-39 scale (M=—-4.93, 95% CI
[—8.50, —1.35], py; < 0.05, IMI>MCID) (Tables 3 and 4).

Results of the meta-analysis on the effect of wearable
technologies on HRQoL

In wearable technologies, EG patients have clinically better
HRQoL than CG patients, and post-intervention and follow-
up patients in the EG have better HRQoL than pre-interven-
tion patients (95% CI, py;> 0.05, IMI>MCID). On the other
hand, post-intervention patients in the EG have clinically
better HRQoL than follow-up patients (95% CI, p,;> 0.05,
IMI>MCID) (Tables 3 and 4).

Discussion and conclusion

The meta-analysis comprised 34 RCTs. These RCTs were
published as theses and articles between 2012 and 2025.
A total of 759 patients with PD were included in the EG,
and 709 patients with PD were included in the CG. RCTs
have used mHealth, robotic-assisted, telerehabilitation, vir-
tual reality, and wearable technologies. HRQoL in patients
with PD was assessed using the SF-36, SF-12, PDQ-39, and
PDQ-8 scales. Conversely, the literature on meta-analysis
studies is limited to the PDQ-39 scale and virtual reality
technology [35, 36]. This situation shows that this is the
most comprehensive meta-analysis study in the literature.
The absence of publication bias enhances the validity and
reliability of this meta-analysis study [39].

The following results were obtained in RCTs found in
the literature: (1) The use of mHealth technology either
improves [5] or does not improve HRQoL in patients with
PD [6-8], (2) The use of robotic-assisted technology either
improves [2, 9] or does not improve HRQoL in patients with
PD [11, 12], (3) The use of telerehabilitation technology
either improves [1, 13-15, 17, 19, 20] or does not improve
HRQoL in patients with PD [18, 21], (4) The use of virtual
reality technology either improves [3, 22-24, 26, 29, 31,
32] or does not improve HRQoL in patients with PD [25,
28, 30], and (5) The use of wearable technologies either
improves [4] or does not improve HRQoL in patients with
PD [33]. In meta-analyses in the literature, it has been con-
cluded that virtual reality technology either improves [36]
or has no improvement on HRQoL in patients with PD
[35]. The results of the RCTs and the meta-analyses in the
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literature differ from one another. This meta-analysis con-
cluded that mHealth, robotic-assisted, telerehabilitation,
virtual reality, and wearable technologies have the potential
to improve patients’ HRQoL. These results from the meta-
analysis may present significant opportunities for the effec-
tive management of the disease and its treatment, as well as
for improving patients’ daily living activities.

Taken together, the results of the meta-analyses conducted
in the study suggest that mHealth, robotic-assisted, telereha-
bilitation, virtual reality, and wearable technologies generally
improve patients’ HRQoL in a clinically and/or statistically
significant manner. Conversely, it was only concluded in the
EG & CG (post-intervention) and follow-up & post-interven-
tion (EG) meta-analyses that robotic-assisted technology did
not improve HRQoL in patients with PD, either clinically or
statistically. However, post-intervention, only patients in the
EG with wearable technology had a clinically better HRQoL
than follow-up patients. These differences in the results of
the meta-analyses are due to the different subscale assess-
ments of the PDQ and SF scales, the small number of RCTs
in which the SF scales were used, and the greater proportion
of patients with lower HRQoL in the intergroup compari-
sons. This situation indicates that more RCTs are needed to
increase statistical reliability and clinical significance.

This meta-analysis has some limitations. The first limita-
tion relates to the RCTs that were included in the analysis.
These are: (1) the limited number of RCTs assessing follow-
up patients” HRQoL, (2) the fact that technological inter-
ventions were carried out over very short periods in most
RCTs, (3) the relatively small sample size in some RCTs,
and (4) the limited number of RCTs involving mHealth,
robotic-assisted, and wearable technologies. These limi-
tations suggest that more RCTs are required. The second
limitation relates to the analyses. In the study, the effect of
technologies used in PD on HRQoL was analysed based on
scale scores reported in the RCTs included in the analysis.
The effect of technology use on HRQoL has been limited
by assessment timepoints, technology, and scale type vari-
ables. Conversely, various technological factors could effect
HRQoL. These variables include age, socioeconomic status,
psychological health, disease stage, comorbidities, clinical
findings, and access to and cost of technology. Another
limitation regarding the analysis is that the post-inter-
vention and follow-up assessments in the RCTs included
in the analysis were conducted in different weeks. These
differences in assessment times may both have an effect
on patients’ HRQoL, and limit the comparability of meta-
analysis results over time. For these reasons, conducting a
meta-analysis to investigate the effect of these variables on
HRQoL in technology use is recommended. The final limi-
tation relates to the planning stage of the study. The study
plans to investigate the effect of augmented reality, tele-
medicine, telehealth, deep brain stimulation, and artificial
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Table 2 Results of the quality assessment
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data, D4: Measurement of the outcome, DS5: Selection of the reported result, D6: Overall risk of bias.
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intelligence technologies on HRQoL. However, the limited
number of studies conducted on these technologies, and the
scarcity of RCTs in particular, has prevented analyses from
being carried out. Therefore, it is recommended that RCTs
be conducted to investigate the effect of augmented reality,
telemedicine, telehealth, deep brain stimulation, and artifi-
cial intelligence technologies on HRQoL.

The meta-analysis included RCTs which reported
some important limitations and technology-specific dis-
advantages [1, 3, 8, 9, 11, 12, 14, 17, 20, 22, 24, 25,
27]. Accordingly, factors such as short-term technologi-
cal intervention, uncertainty regarding long-term effects
and side effects, and small sample sizes come to the fore.
These factors should be addressed by conducting RCTs.

In conclusion, the technologies used in PD have the
potential to improve patients’ HRQoL. The results of this
meta-analysis should be considered alongside various vari-
ables that may effect HRQoL when using technology, and
the disadvantages specific to technology use.

Limitations

The studies included in the meta-analysis were accessed
via the following databases: Web of Science, PubMed,
Cochrane Library, ProQuest, CoHE Thesis Centre, TR
Index and DergiPark. The analysis included RCTs accord-
ing to the selection criteria. Therefore, the study is limited
to data obtained from the included RCTs. The effect of
the technologies used in PD on HRQoL is limited by the
variables of assessment timepoints, technology, and scale
type. Therefore, it is recommended that meta-analyses
are conducted on the different variables that may effect
HRQoL when using technology (e.g. age, psychological
health, disease stage, and clinical findings).
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