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Abstract

Background: Rehabilitation has been reported to improve the quality of life (QoL) of

patients with Parkinson’s disease (PD). Nevertheless, not all patients are satisfied with

rehabilitation outcomes and could achieve a significant improvement in QoL.

Objective: To detect possible predictors ofQoL improvement in patientswith PD after

rehabilitation.

Methods: A total of 86 PD patients were included and followed up for 3 months with

a 39-item Parkinson’s Disease Questionnaire summary index (PDQ-39 SI) as the pri-

mary endpoint. All patients received 2 weeks of multidisciplinary intensive rehabilita-

tion treatment (MIRT). Changes in patients’ QoL were assessed using the PDQ-39 at

baseline and at the 3-month follow-up. The reliable change index (RCI) was adapted to

determine the individual QoL outcome. The predictors of QoL outcomewere detected

using logistic regression analysis.

Results: After a 3-month follow-up, PDQ-39 SI decreased significantly from 22.95 ±

9.75 to 18.73 ± 10.32 (P < 0.001). Scores for QoL improved (RCI>10.9) after rehabil-

itation for 18.6% of the patients, and 74.4% of patients reported an unchanged QoL

(−10.9≤RCI≤10.9), while 7.0% of patients reported a worsening of QoL (RCI<−10.9).

Among the baseline parameters, the PDQ-39 SIwas a baseline predictor for changes in

QoL in the logistic regressionmodel (OR: 1.15, CI: 1.07–1.24, P< 0.001).

Conclusions:MIRT could improve QoL for some patients with PD, and PDQ-39 score

at baseline is the most important predictor for QoL improvements after rehabilitation

for this patients.
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1 INTRODUCTION

Parkinson’s disease (PD) is a progressive neurodegenerative disease

that is characterized by motor symptoms such as bradykinesia, rest-

ing tremor, rigidity, and a sequence of nonmotor symptoms, such as

cognitive decline, anxiety, and depression (Bloem et al., 2021). It can

lead to a decline in quality of life (QoL) very early and deteriorates as

the disease progresses (Carod-Artal et al., 2007), even under the best

medical treatment or with deep brain stimulation (Daniels et al., 2011).

Therefore, rehabilitation therapies are considered an adjuvant to phar-

macological and surgical treatments to maximize functional abilities

and to minimize secondary complications (Armstrong & Okun, 2020).

Meanwhile, rehabilitation has also been reported to improve the QoL

related to PD (Clarke et al., 2016; Ferrazzoli et al., 2018; Monticone

et al., 2015;Morris et al., 2009; Rodrigues De Paula et al., 2006; Tickle-

Degnen et al., 2010), but not all studies yield the same results (Wade

et al., 2003). Although several reasons could explain the lack of bene-

fit, such as previously satisfactory management leaving little room for

improvement, lack of psychological intervention, etc. (Playford, 2003).

Therefore, this revealed that not all patients are satisfiedwith the reha-

bilitation results and can achieve a significant improvement in QoL.

The reasons may be multidimensional, but strategies to identify

which patient could benefit from rehabilitation seem to be important

for optimized treatment outcomes. For instance, we can adopt differ-

ent rehabilitation strategies for patients with different outcomes to

reduce the waste of medical resources and improve the therapeutic

effect of individual patients. On the other hand, for those who may

benefit less, other treatment methods should be actively adopted to

improve the patient’s QoL asmuch as possible.

Therefore, we performed this study to understand the effects of

multidisciplinary intensive rehabilitation treatment (MIRT) for mild to

moderate PDpatients. In particular, the relative contributions ofmotor

and nonmotor baseline parameters to the rehabilitation outcome on

QoLwere analyzed.We attempted to detect the possible predictors of

QoL improvement for PD patients after rehabilitation with a 3-month

follow-up.

2 METHODS

2.1 Study population

In this ongoing, prospective single-center cohort study (multidisci-

plinary rehabilitation registration study on PD, registration number:

ChiCTR2000033768), a total of 86PDpatients attending our inpatient

rehabilitationproject inBeijingRehabilitationHospital fromJune2020

to July 2021 were included and followed up for 3 months. All patients

received2weeksofMIRT.Noneof thepatients underwent drug adjust-

ment from training to 3months of follow-up. Inclusion criteriawere: (1)

idiopathicPDas confirmedbyaneurologist using theMovementDisor-

der Society criteria (Postumaet al., 2015); (2) no deep brain stimulation

or in vivo implantation treatment; (3) were able to understand each

item of the informed consent and willing to sign the informed consent.

The exclusion criteria were as follows: (1) atypical parkinsonism, such

as multiple system atrophy, corticobasal degeneration, and progres-

sive supranuclear palsy; (2) serious medical conditions, such as severe

coronary heart disease, backache, and malignancy; and (3) individuals

withdementia or severepsychiatric symptoms. (4)Hoehn&Yahr (H&Y)

Stage: 4–5; (5) patients with frequent falls; (6) age> 80.

This research was approved by the ethics committee of the Bei-

jing Rehabilitation Hospital (2020bkky010). All participants signed

informed consent following the Declaration of Helsinki. Clinical and

demographic data at baseline collected included sex, age, age at diag-

nosis, disease duration, levodopa equivalent daily dose (LEDD), H&Y

stage (Hoehn & Yahr, 1967), and MDS-UPDRS score (Goetz et al.,

2007). The evaluation of the H&Y stage and MDS-UPDRS score were

carried out under themedicationON stage.

2.1.1 MIRT procedure

MIRT is specifically designed for rehabilitation for PD patients and is

constituted with a multidisciplinary, aerobic, motor-cognitive, inten-

sive, and goal-based rehabilitation treatment (Ferrazzoli et al., 2018;

Frazzitta et al., 2012; Frazzitta et al., 2015). All patients received

a 2 weeks of MIRT. The 2-week program comprised four sessions.

The first session is one-on-one physical therapy by a physical ther-

apist for 30 min. The second session is a 60-min goal-directed bal-

ance and gait training combined with motor-cognitive dual tasks by an

augmented reality treadmill (C-MiLL, Motek, Amsterdam/Culemborg,

Netherlands) andBalanceTutor (Meditouch,Netanya, Israel). The third

session is a 30-min aerobic training on an upper and lower limb trainer

(T5XR; Nustep, Ann Arbor, MI, USA) and the fourth session is 30-min

speech therapy. All the training was conducted in a hospital setting, 5

days per week, and the details were described elsewhere (Chen et al.,

2021).

2.2 Clinical assessments

QoL was assessed by the Chinese version of the Parkinson’s Disease

Questionnaire (PDQ-39) (Neff et al., 2018). The PDQ-39 is a validated

disease-specific HRQoLmeasure in PD (Neff et al., 2018) that contains

eight domains: mobility, activities of daily life, emotional well-being,

stigma, social support, cognition, communication, and bodily discom-

fort. The PDQ-39 summary index (PDQ-39 SI) was calculated to mea-

sure overall health-related QoL, and a higher score (range 0–100) indi-

cates a more severe burden of QoL. The outcome parameters were

the PDQ-39 SI. The differences between the follow-up 3 months after

rehabilitation and baseline scores were calculated as outcome param-

eters. The Reliable Change Index (RCI) was adapted to determine the

individual outcome of QoL after rehabilitation (Daniels et al., 2011;

Jacobson & Truax, 1991). A PDQ-39 score decrease of more than 10.9

points was termed “improved,” and a score increase of more than 10.9

points was termed “worsen”; changes between −10.9 and 10.9 were

termed “unchanged” (Daniels et al., 2011; Floden et al., 2014; Liu et al.,
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2019; Witt et al., 2011). Both the “worsen” and “unchanged” groups

were assigned to the “nonimproved” group.

Furthermore, cognitive function was evaluated by the Montreal

Cognitive Assessment (MoCA) (Nasreddine et al., 2005), depression

was evaluated by the Geriatric Depression Scale (GDS) (Montorio

& Izal, 1996), fatigue was evaluated by the Parkinson Fatigue Scale

(PFS⁃16) (Brown et al., 2005), and apathy was evaluated by the Modi-

fied Apathy Evaluation Scale (MAES) (Starkstein et al., 1992) at base-

line as a factor that affects QoL according to the literature (D’Iorio

et al., 2017; Rahman et al., 2008; Rahman et al., 2008; Tang et al., 2020).

2.3 Statistical analysis

Data distribution and normalitywere evaluatedwith the Shapiro–Wilk

test. Normally distributed data are expressed as the mean ± stan-

dard deviation (SD), while nonnormally distributed data are reported

as themedian (interquartile range). The PDQ-39 SI and subgroup score

at baseline and with follow-up for 3 months were compared by the

paired sample t test. Spearman correlations or Pearson correlations

were used to explore the relationship between changes in QoL scores

and demographic and clinical parameters, including age, age at diag-

nosis, disease duration, LEDD, H&Y stage, MDS-UPDRS score, GDS,

MAES, PFS-16, and PDQ-39 SI score at baseline. Spearman’s correla-

tion was also used to evaluate changed nonmotor parameters, includ-

ing GDS,MAES, and PFS-16 scores, associated with changes in QoL.

Furthermore, demographic and clinical parameters at baselinewere

compared between the “improved” and “nonimproved” groups accord-

ing to the PDQ-39 RCI using univariate analysis. Demographic and

clinical parameters at baseline as revealed by the first-step analyses

(less strictly selected: P < 0.10, one-tailed) were included in a logis-

tic regression analysis as independent variables with the dichotomous

variable improved/nonimproved in terms of the PDQ-39 RCI as the

dependent variable. P values < 0.05 (two-tailed) were regarded as sig-

nificant. Receiver operating characteristic (ROC) analyseswereused to

evaluate the predictive utility of logistic regressionmodels on patients’

QoL improvement (Schrag et al., 2017). These statistical datawere ana-

lyzed using SPSS version 21 (SPSS Inc., Chicago, IL).

3 RESULTS

Of 155 patients screened, 86 patients (36 males) were included in

the final analysis (see Figure 1). The mean age at baseline was 60.24

years (SD = 7.82), and the median disease duration was 6.00 years

(interquartile range = 4.00). The patient baseline characteristics are

shown in Table 1.

3.1 The effects of MIRT for mild to moderate PD
patients

After a 3-month follow-up, scores for QoL improved (RCI> 10.9) after

rehabilitation for 18.6% of the patients (16 of 86 patients) and were

assigned to the “improved” group. 74.4% of patients (64 of 86 patients)

reported anunchangedQoL(−10.9≤RCI≤10.9), and7.0%of patients (6

of 86 patients) reported aworsening ofQoL(RCI<−10.9). Both of them

were assigned to the “nonimproved” group. The PDQ-39 SI at base-

line was 22.95 ± 9.75, and it decreased significantly to 18.73 ± 10.32

(P < 0.001) with a 3-month follow-up. The overall effects of MIRT for

mild tomoderate PD patients are shown in Figure 2.

In the PDQ-39 subgroup, the cognition (from 29.87 ± 16.95 to

25.87 ± 15.01, P = 0.008), stigma (from 27.03 ± 25.77 to 19.55 ±

17.59, P < 0.001), emotional wellbeing (from 24.90 ± 18.13 to 21.07

F IGURE 1 Participants flow chart. The flow chart describes the enrollment of patients
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TABLE 1 Patient characteristics at baseline

Baseline

Malea, n (%) 36 (41.86%)

Age at onsetb (y) 54.00 (9.00)

Agec (y) 60.24± 7.82

Disease durationb (y) 6.00 (4.00)

LEDDb (mg/d) 520.50 (362.50)

Jankovic subtypea, n (%)

Tremor dominant 31 (36.1%)

Postural instability/gait dominant 48 (55.8%)

Indeterminate 7 (8.1%)

Hoehn and Yahr Stageb 2.00 (0.50)

UPDRS part I scoreb 8.00 (5.50)

UPDRS part II scorec 11.81± 6.21

UPDRS part III scorec 32.62± 13.73

UPRDS part IV scoreb 2.00 (5.00)

MoCAc 25.20± 4.37

GDSb 8.00 (10.00)

MAESb 11.00 (15.00)

PFS-16c 42.45± 13.88

PDQ-39 SIc 22.95± 9.75

GDS, Geriatric Depression Scale; LEDD, levodopa equivalent daily dose;

MAES, Modified Apathy Evaluation Scale; MoCA, Montreal Cognitive

Assessment; PDQ-39 SI, Parkinson’s Disease Questionnaire 39-summary

index; PFS⁃16, Parkinson Fatigue Scale; UPDRS, Unified Parkinson’s Dis-

ease Rating Scale.
aCount data are expressed as n (%).
bNon-normal data are reported as themedian (interquartile range).
cNormally distributed data are expressed as themean± SD.

±14.98, P=0.035), andmobility (from28.87±16.17 to 18.69±17.07,

P < 0.001) domains decreased significantly; however, the communica-

tion domain increased significantly from7.36± 12.29 to 14.63± 15.01

(P< 0.001). Bodily discomfort, social support, and activities of daily liv-

ing showed no significant changes. In the “improved” group, the bod-

ily discomfort (P = 0.029), cognition (P = 0.002), stigma (P = 0.002),

emotional wellbeing (P < 0.001), activity of daily living (P = 0.002),

and mobility (P < 0.001) domains decreased significantly. There is a

downward trend in the social support and communication domain. In

the “nonimproved” group, the mobility domain decreased significantly

(P < 0.001); however, there was no significant change or increase in

other domains. The PDQ-39 subgroup analysis was shown in Figure 3.

3.2 Correlation analyses

PDQ-39 SI at baseline was significantly associated with changes in

the PDQ-39 SI after a 3-month follow-up (r = 0.422, P<0.001). Mean-

while, the changes in the PDQ-39 SI were significantly associated with

GDS score changes (r = 0.537, P < 0.001) and MAES score changes

(r = 0.284, P < 0.01) after a 3-month follow-up. The correlation anal-

ysis results are shown in Appendix 1.

3.3 Logistic regression analysis

Table 2 includes unadjusted ORs for bivariable analyses and adjusted

ORs for multivariate analyses assessing the magnitude of association

between each candidate predictor and the outcome. GDS (P = 0.013)

and PDQ-39 SI (P<0.001) at baseline showed significant relationships

with the outcome. For every additional GDS score, patients displayed

a 12.5% higher odds of improvement in QoL (OR = 1.125, 95% confi-

dence interval [CI] 1.025-1.235, P = 0.013). For every additional score

of thePDQ-39, patients displayed a15.1%higher odds of improvement

in QoL (OR = 1.151, 95% CI 1.067-1.241, P < 0.001). The multivariate

regression model included three factors at baseline with P < 0.1 in the

univariate analysis: PDQ-39 SI (P < 0.001), GDS (P = 0.013), and age

(P = 0.098). Only the PDQ-39 SI remained significant (P < 0.001) as

a baseline predictor for change in QOL in the multivariate model with

the likelihood ratio method. The PDQ-39 SI at baseline was included

in the final model. In the final model, for every additional score of the

PDQ-39, patients displayed a 15.1% higher odds of improvement in

F IGURE 2 The effects ofMIRT for mild tomoderate PD patients. Left: For the PDQ-39 SI, improved, unchanged, andworsened groups are
shown in the percent of cases. QoL improved in 18.6% of patients, 74.4% of patients had no changes in QoL, QoL deteriorated in 7.0% of patients.
Right: The PDQ-39 SI at baseline decreased significantly from baseline to the 3-month follow-up. (PDQ-39 SI: PDQuestionnaire-39 summary
score, *P< 0.05). MIRT, multi-disciplinary intensive rehabilitation treatment
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F IGURE 3 The effects ofMIRT for mild tomoderate PD patients in the PDQ-39 subgroup. The comparison of PDQ-39 subgroup scores for all
patients, the unimproved group, and the improved group at baseline and after rehabilitation is separately shown on the left of the dotted line,
between the two dotted lines, and on the right of the dotted line. The cognition, stigma, emotional wellbeing, andmobility domains decreased
significantly, and the communication domain increased significantly. In the “improved” group, bodily discomfort, cognition, stigma, emotional
wellbeing, activities of daily living, andmobility domains decreased significantly. In the “nonimproved” group, themobility domain decreased
significantly, and there was no change or increase significantly in other domains (T, total; NI, nonimproved; I, improved. *P< 0.05, **P< 0.01,
***P< 0.001). MIRT, multi-disciplinary intensive rehabilitation treatment

TABLE 2 Univariate andmultivariate analysis of predictors of PDQ-39 after 3months

Variables Univariate analysis Multivariate analysis

OR (95%CI) P value OR (95%CI) P value

Male/female 2.048(0.682–6.144) 0.201

Age at onset (y) 1.037(0.965–1.114) 0.320

Age (y) 1.070(0.987–1.160) 0.098

Disease duration (y) 1.058(0.948–1.180) 0.317

LEDD(mg/d) 1.000(0.999–1.002) 0.619

Jankovic subtype, n (%)

Tremor dominant 1

Postural instability/gait dominant 1.750(0.179–17.080) 0.630

Indeterminate 1.200(0.127–11.374) 0.874

Hoehn and Yahr Stage 0.829(0.265–2.592) 0.747

UPDRS part I score 1.052(0.950–1.165) 0.327

UPDRS part II score 1.004(0.919–1.096) 0.929

UPDRS part III score 0.980(0.941–1.022) 0.344

UPRDS part IV score 0.941(0.771–1.148) 0.547

MoCA 1.043(0.899–1.211) 0.576

MAES 1.046(0.980–1.117) 0.176

PFS-16 1.013(0.974–1.054) 0.511

GDS 1.125(1.025–1.235) 0.013*

PDQ-39 1.151(1.067–1.241) <0.001* 1.151(1.067–1.241) <0.001*

GDS, geriatric depression scale; LEDD, levodopa equivalent daily dose; MAES, Modified Apathy Evaluation Scale; MoCA, Montreal Cognitive Assessment;

PDQ-39: Parkinson’s Disease Questionnaire-39; UPDRS, Unified Parkinson’s Disease Rating Scale; PFS⁃16, Parkinson Fatigue Scale.
*P< 0.05.
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F IGURE 4 Receiver operating characteristic (ROC) curve for the
model (AUC= 0.831, P<0.001). ROC curve demonstrating the
classification accuracy (predicted probability of “improved” vs
“nonimproved”) of the logistic regression. The diagonal dashed line
represents chance classification accuracy

QoL (OR = 1.151, 95% CI 1.067-1.241, P < 0.001). The area under the

ROCcurve (AUC) for thismodelwas 0.83 [0.726-0.935,P<0.001]. The

ROC curve for themodel is displayed in Figure 4.

4 DISCUSSION

Consistent with previous reports (Ferrazzoli et al., 2018; Monticone

et al., 2015; Rafferty et al., 2017), our findings suggest that in mild to

moderate PD, MIRT could improve QoL for some patients with PD.

Although several studies have suggested that rehabilitation treatment,

such as MIRT, could effectively improve QoL in patients with PD (Fer-

razzoli et al., 2018;Monticone et al., 2015;Oguh et al., 2014), our study

showed that the same is not true for all PD patients. QoL improved

steadily in only a fraction of patients with a relatively conservative

index to define the change in QoL after rehabilitation (Daniels et al.,

2011). Therefore, we developed a model that could be used to pre-

dict improvement in QoL after rehabilitation in PD patients. We found

that impaired QoL was the most important predictor of benefit in mild

to moderate PD after rehabilitation in our prognostic model. Further-

more, we found that changes in the PDQ-39 SI were significantly asso-

ciated with PDQ-39 SI at baseline and were significantly associated

with GDS score changes andMAES score changes.

Evidence of the positive effects of rehabilitation treatments in PD is

increasing (Clarke et al., 2016; Ferrazzoli et al., 2018; Monticone et al.,

2015; Morris et al., 2009; Rodrigues De Paula et al., 2006). Ferraz-

zoli et al.’s study (Ferrazzoli et al., 2018) suggested that MIRT, which

consisted of amultidisciplinary, aerobic, intensive, andmotor-cognitive

rehabilitation treatment, could improve QoL in patients with PD that

could last for 3months (Ferrazzoli et al., 2018).Monticone et al.’s study

(Monticone et al., 2015) found that PD patients could obtain a ben-

efit from multidisciplinary rehabilitative care for at least 1 year after

the intervention.Multidisciplinary rehabilitative care could change the

course ofmotor impairment, balance, activities of daily living, andQoL.

Morris et al.’s study (Morris et al., 2009) suggested that inpatient reha-

bilitation produces short-term reductions in disability and improve-

ments in QoL in people with PD for at least 3 months. As mentioned

above (Ferrazzoli et al., 2018; Monticone et al., 2015; Morris et al.,

2009), our finding also suggest that the improvement of QoL was con-

sidered to be significant byMIRT inmild tomoderate PD patients. QoL

scores significantly improved for 18.6% of the patients with a more

conservativemethod (Daniels et al., 2011). Another study showed that

QoL improved in only 7% of patients who received the best medi-

cal treatment with the same definition of improvement (Daniels et al.,

2011). In our PDQ-39 subgroup analysis, we also found that regardless

of whether QoL improves, there are significant improvements in the

mobility domain. The patients in the “improved” group obtained vary-

ing degrees of improvement in all PDQ-39 subgroup scores. Therefore,

our studydemonstrated that rehabilitation therapy is aneffective adju-

vant to pharmacological and surgical treatments to improveQoL in PD

patients (Abbruzzese et al., 2016).

Schuepbach et al.’s study showed that impaired QOL is the most

important predictor of benefit in patients with PD after deep brain

stimulation of the subthalamic nucleus (Schuepbach et al., 2019).

Although the principles and mechanisms of DBS are different from

those of rehabilitation (Abbruzzese et al., 2016; Ashkan et al., 2017),

such advanced research is worthy of our study and emulation. In our

study,we assembled amodel that predict the improvement ofQoLwho

attended our inpatient rehabilitation.We found that the PDQ-39-SI at

baseline was a significant predictor of QoL improvement and a heavier

burden of QoL at baseline correlated with a better QoL improvement,

which is consistent with Ritter’s study (Ritter & Bonsaksen, 2019). Rit-

ter’s study also found that patients who have lower levels of initial QoL

benefit more from rehabilitation. Furthermore, our model’s accuracy

was confirmed by ROC curves with an AUC = 0.83. Although these

results need confirmation in further studies, the results still have a

certain guiding value for the choice of therapeutic strategies for PD

patients.

Why is impaired QoL the most important predictor of benefit in

patients with PD after rehabilitation? In our research, a worse QoL

at baseline predicted improvement of QoL in mild to moderate PD

patients. One possible reason is some patients had already had a good

QoL, lead to limited room left for the improvement. Although patients’

QoL has been improved, but they cannot reach the RCI index crite-

rion. Another possible reason is that patients with poor QoL tend to

havemore severemotor andnonmotor symptoms,which are thedeter-

minants of QoL in patients with PD (Martinez-Martin, 2017; Rahman

et al., 2008). Rehabilitation therapy could improve the motor and non-

motor symptoms of PD (Lamotte et al., 2015; Rafferty et al., 2017), and

consistent with previous reports (Rafferty et al., 2017), patients with

advanced PD could obtain more benefit than those with mild PD from

rehabilitation therapy.

There are some limitations to this study thatmust be acknowledged.

First, an important limitationof our findings is the selectedpatient pop-

ulation. We collected only mild to moderate PD patients, which might

lead to selection bias. PD patients in the H&Y:4-5 stage could not com-

plete MIRT due to their serious condition, and they may need to adopt

other rehabilitation strategies, so we did not include those patients.

Second, due to the COVID-19 outbreak, patients were unable to get
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to the hospital for a detailed kinematic evaluation, such as UPDRS-III

score and UPRDS part IV score, at the 3-month follow-up, which could

reflect the improvement of the patient’s motor function and motor

complications (Goetz et al., 2007). Last, our follow-up time was only 3

months. Although there is evidence that PD patients can benefit from

rehabilitation treatments, it is unclear how long the benefits could last

(Abbruzzese et al., 2016). A long-term observation still is needed.

In conclusion, the present study shows that MIRT could improve

the QoL of PD patients, especially mild to moderate PD patients with

impaired QoL. Impaired QoL at baseline could predict the benefit

of rehabilitation for PD patients. Patients with impaired QoL should

actively participate in rehabilitation exercises to improve their QoL.

Further research is needed inmore PD patients.
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