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- One-on-one treatment by a physical therapist for 30 minutes

- Treadmill training to improve balance and gait for 60 minutes
2-week MIRT || - Aerobic training for 30 minutes
- Speech therapy for 30 minutes

Discharge assessment
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- All patients showed significant improvements in motor
symptoms, walking ability, balance, and posture control.
- The changes of MDS-UPDRS Il were -5.6+4.9 and
-3.5+3.8 in the PIGD group and TD group, respectively
(P=0.021).

3-Month follow-up

- Sustained effectiveness was maintained for 1-3 months and above;

- There was no difference in the duration of symptom improvement or in
the symptom grade effect among the three groups

Abstract

Parkinson’s disease (PD) can be classified into three motor-based subtypes: postural instability/gait difficulty (PIGD), tremor dominant

(TD), and indeterminate. The neuropathophysiological mechanisms of the three motor subtypes are different, which may lead to different
responses to therapy. Sixty-nine patients with idiopathic Parkinson’s disease (Hoehn—Yahr stage < 3) were screened from 436 patients with
Parkinsonism recruited through outpatient services and the internet. According to the Movement Disorder Society Unified Parkinson’s
Disease Rating Scale (MDS-UPDRS) TD/PIGD ratio, the patients were divided into PIGD (TD/PIGD < 0.09; n = 36), TD (TD/PIGD >1.15; n = 19),
and indeterminate (TD/PIGD = 0.90-1.15; n = 14) groups. All patients received 2 weeks of multidisciplinary intensive rehabilitation treatment
(MIRT) during hospitalization, as well as a remote home rehabilitation health education class. Compared with the scores at admission, all
patients showed significant improvements in their MDS-UPDRS Ill score, walking ability, balance, and posture control at discharge. Moreover,
the MDS-UPDRS Il score improvement was greater in the PIGD group than in the TD group. The follow-up data, collected for 3 months after
discharge, showed that overall symptom improvement in each group was maintained for 1-3 months. Furthermore, there were no significant
differences in the duration or grade effects of symptom improvement among the three groups. These findings suggest that 2 weeks of MIRT is
effective for improving motor performance in all three motor subtypes. Patients in the PIGD group had a better response after hospitalization
than those in the TD group. This study was approved by the Institutional Ethics Committee of Beijing Rehabilitation Hospital of Capital
Medical University of China (approval No. 2018bkky022) on May 7, 2018 and registered with the Chinese Clinical Trial Registry (registration
No. ChiCTR1900020771) on January 19, 2019.
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Introduction

Parkinson’s disease (PD) is a neurodegenerative, chronic,
and progressive disease (Dorsey and Bloem, 2018; Gao et
al., 2019; Dani et al., 2020; Goulding et al., 2020). It is also
the fastest growing neurological disorder. A previous study
reported that the number of people with PD is expected to
increase from 6 million in 2015 to 12 million in 2040 (Dorsey
et al., 2018). PD is characterized by resting tremor, rigidity,
bradykinesia, and postural instability (Bari et al., 2020).
Based on these symptoms, PD is commonly divided into the
postural instability/gait difficulty (PIGD), tremor dominant
(TD), and indeterminate subtypes, according to the DATATOP
study (Jankovic et al., 1990) and the Movement Disorder
Society Unified Parkinson’s Disease Rating Scale (MDS-UPDRS)
TD/PIGD ratio (Stebbins et al., 2013). From a treatment
perspective, the neuropathophysiological mechanisms are
different in the three motor subtypes, which may result in
different responses to therapy (Thenganatt and Jankovic, 2014;
Vervoort et al., 2015, 2016). Previous studies have reported
that, compared with the TD subtype, the PIGD subtype is
related to greater risk of cognitive impairment, more rapid
disease progression, and poorer response to dopaminergic
treatment and deep brain stimulation (DBS) (Alves et al.,
2006; Rajput et al., 2009; Katz et al., 2015; Arie et al., 2017).
This suggests that an effective treatment for the PIGD
subtype is urgently needed. There is growing evidence that
rehabilitation, as an effective and complementary treatment
of PD, plays an important role in PD treatment (Bloem et al.,
2015; Mak et al., 2017; Fox et al., 2018) by improving both
motor symptoms (MS) and non-motor symptoms (NMS)
in people with PD. However, because of the diversity of
rehabilitation programs and the methodological shortcomings
of previous studies, there are currently no optimal
rehabilitation programs for PD. Multidisciplinary intensive
rehabilitation treatment (MIRT) is a multidisciplinary, aerobic,
intensive, and goal-oriented rehabilitation program specifically
designed for people with PD (Frazzitta et al., 2012, 2015). Its
short- and long-term effects on MS and NMS in people with
PD have been demonstrated in numerous studies (Trend et al.,
2002; Frazzitta et al., 2012, 2015, 2018). Although MIRT has
beneficial effects on PD symptoms, both the type of patients
that respond best to MIRT and the optimal initial intervention
time remain unknown (Radder et al., 2018). It has been noted
that PD is characterized by large phenotypic heterogeneity,
but it remains unclear whether specific clinical subtypes differ
in their responses to rehabilitation interventions (Abbruzzese
et al., 2016). To treat PD more effectively, further studies into
the responses of different PD motor subtypes to treatment
should be conducted (Chase, 2015). In clinical practice, we
have observed that patients with the PIGD subtype seem to
make better progress after MIRT. However, only one study has
investigated whether there are differences in the effects of
MIRT between different PD motor subtypes. After a 4-week
MIRT program, Frazzitta et al. (2013a) reported that MIRT
was effective in improving the motor performance of patients
in the TD and PIGD groups; the improvement was the same
in the two groups. However, few studies have addressed
the long-term effects of MIRT in these two subtypes. Based
on previous studies, we included patients with early- and
medium-stage PD in this study, and used an allocation method
that was more detailed than in previous studies. In addition,
we performed a 3-month follow-up to investigate whether
there were any differences among the three groups in the
long-term effects of MIRT on symptom:s.

The aim of this study was to investigate whether the PIGD
subtype benefited more from the 2-week MIRT program
than the other two motor subtypes, in both the short- and
long-term, to provide a more effective and personalized
rehabilitation program for PD.

Subjects and Methods

Patients

This prospective cohort study is part of an ongoing project
(Active and passive biofeedback and neuromodulation
collaborative therapy system evaluation and clinical validation,
ChiCTR1900020771, registered on January 19, 2019).
This project investigated the effectiveness of traditional
rehabilitation methods on different subtypes of PD, and was
written as per the requirements of the STrengthening the
Reporting of OBservational studies in Epidemiology (STROBE)
statement. Briefly, we screened 436 parkinsonism patients
between February 2019 and April 2019 from outpatient
services and the internet. Patients who met the inclusion
criteria and were willing to participate in the project were
included. Standardized examinations were conducted by
trained members of the study group, and 69 eligible patients
were finally included in this study. According to the subtyping
methods proposed by Stebbins et al. (2013), 69 patients were
divided into the PIGD group (TD/PIGD ratio < 0.09), the TD
group (TD/PIGD ratio > 1.15) and the indeterminate group(0.9
< TD/PIGD ratio < 1.15).

Inclusion criteria

(1) Idiopathic PD diagnosed by a neurologist according to the
Movement Disorder Society criteria (Postuma et al., 2015),
with Hoehn—Yahr (H-Y) stage < 3; (2) stable vital signs, with
no serious cardiopulmonary disease or osteoarthropathy;
(3) stable medication, with no drug adjustment within 3
months; (4) if patients had other diseases, they needed no
special treatment during hospitalization; (5) no DBS or in vivo
implantation treatment; and (6) were able to understand
each item of the informed consent, were willing to sign the
informed consent, and promised to complete the assessments
and treatments.

Exclusion criteria

(1) Patients with fractures or psychotic symptoms; and (2)
patients with Clinical Dementia Rating (CDR) (Morris, 1993)
scores > 0.5, or with vision or hearing impairments, who were
unable to complete the rehabilitation protocol.

This study was approved by the Institutional Ethics Committee
of Beijing Rehabilitation Hospital of Capital Medical University
of China (approval No. 2018bkky022) on May 7, 2018. It was
performed in accordance with the Declaration of Helsinki. All
patients signed their informed consent before inclusion.

Flow chart of the study is shown in Figure 1.

MIRT procedure

All patients underwent a 2-week MIRT program, which aimed
to combine motor relearning with external and internal cue
strategies (Frazzitta et al., 2012, 2015). The 2-week program
was conducted in a hospital setting, 5 days per week, and was
composed of four daily rehabilitation sessions. The duration of
each session was 30-60 minutes.

i. The first session included one-on-one treatment with
a physical therapist for 30 minutes. It included warm-up
activities, followed by active and passive exercises to improve
stretching of the abdominal muscles, enhancement of the
paraspinal muscles, adjustment of posture, and control of
balance and posture.

ii. The second session used C-MilLL (Motek, Amsterdam/
Culemborg, Netherlands) and Balance Tutor (Meditouch,
Netanya, Israel) to improve balance and gait: the treadmill
training had auditory cues, visual cues, and an anti-
interference platform with feedback. Patients were trained for
30 minutes, twice per day: once in the morning and once in
the afternoon.

iii. The third session was aerobic training. Patients performed
a 30-minute aerobic training on an upper and lower limb
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| Patients with parkinsonism were recruited through outpatient service and the Internet (n = 436) |

Excluded (n = 367)
- Not meeting inclusion criteria (n = 257)
- Refused to participate (n = 110)

[ Patients assessed for eligivilty (n = 69) |

<—1 Based on TD/PIGD ratio I
PIGD group (n = 36) | ‘ TD group (n =19) | | Indeterminate group (n = 14) |
v
| Baseline assessment |
¥
| Intervention: 2-week MIRT |
| Final assessment |
<—| Discharge assessment |
| PIGD group | | TD group | | Indeterminate group |
Lost to follow-up (n = 1) Lost to follow-up (n = 2)
L -Underwent DBS - Suffered a traffic accident (n = 1)
surgery after discharge - Lost contact (n = 1)
35 Included in the 17 Included in the 14 Included in the
follow-up follow-up follow-up

Figure 1 | Flow chart of the study.
MIRT: Multidisciplinary intensive rehabilitation treatment; PIGD: postural
instability/gait difficulty; TD: tremor dominant.

trainer (T5XR; Nustep, Ann Arbor, MlI, USA).

iv. The fourth session included speech therapy for half an
hour. In this session, we proposed three possible kinds of
interventions:

(1) counselling for the management of swallowing and
language problems for patients and pertinent caregivers;

(2) individual swallowing training to correctly ingest foods and
liquids, and meal monitoring;

(3) speech therapy to treat hypokinetic dysarthria (facial
exercises to improve mouth motion and facial expressions;
breathing exercises to alleviate the pressure of speech; and
exercises to improve vocalization, articulation, and speech
prosody).

During all training sessions, each patient’s heart rate was kept
at 70-80% of the maximum rate.

When discharged, a specialized rehabilitation therapist
introduced the PD management platform developed by our
team to the patients, and showed them how to use it to
ensure that patients could independently use the platform
for home-based rehabilitation training after discharge. To
motivate and supervise patients for home-based rehabilitation
training, patients were required to sign in after completing
their daily exercises.

Data acquisition and assessment

The primary outcome of this study was the MDS-UPDRS llI
score. The secondary outcomes were the Modified Parkinson
Activity Scale (M-PAS), 10-Meter Walk (10MT), 6-Minute Walk
Distance (6MWD), Berg Balance Scale (BBS), Timed Get Up
and Go (TUG), and Five Times Sit to Stand (FTSTS) results.
All patients were evaluated by the same physiotherapist and
neurologist at admission and discharge. The pre-treatment
assessment was completed within 1-2 days after each
patient was included in the study, and the post-treatment
assessment was carried out within 1-2 days after the MIRT.
All assessments were made in the ON state (1-2 hours after
medication).

Motor function assessment

MDS-UPDRS Il

The third part of the MDS-UPDRS assesses motor function.
It contains 18 items; each item is rated from O to 4 scores, as
follows: 0: normal; 1: slight (symptoms with sufficiently low

frequency or intensity as to cause no impact on function);
2: mild (symptoms of sufficient frequency or intensity to
cause a modest impact on function); 3: moderate (symptoms
sufficiently frequent or intense as to have a considerable
impact, but not prevent function); and 4: severe (symptoms
that prevent function) (Goetz et al., 2008). Higher scores
indicate more severe MS. According to the MS that are
observed in PD, MDS-UPDRS Il scores can be subdivided into
the rigidity, tremor, axial, and bradykinesia subscales (Li et al.,
2018).

M-PAS

The M-PAS is designed to assess PD patients’ activities of daily
living. It consists of 14 items and can be divided into three
domains: gait akinesia (6 items), chair transfer (2 items), and
bed mobility (6 items) (Keus et al., 2009). M-PAS scores range
from 0 to 56 (higher values indicate better performance).

Walking ability

The 10MT is used to assess walking speed, including
comfortable and fast gait speeds (Lang et al., 2016). The
6MWD gauges the distance a patient can walk quickly on a
hard, flat surface in 6 minutes (Laboratories, 2002).

Balance and posture control

The BBS is used to assess balance control (Berg et al., 1995).
BBS scores range from 0 to 56 (higher values indicate better
balance), as follows: 0-20: poor balance, needs wheelchair to
move around; 21—-40: fair balance, can walk with assistance;
41-56: good balance, can walk independently. The TUG is a
measure of functional mobility, and indirectly reflects dynamic
balance (Podsiadlo and Richardson, 1991; Morris et al., 2001;
Opara et al.,, 2017). The FTSTS is mostly related to balance and
bradykinesia in PD (Duncan et al., 2011).

Assessment of long-term effects at the 3-month follow-up
Three months after MIRT, a professional staff member sent
questionnaires to the patients. This staff member also provided
instructions on how to fill out and submit the questionnaire,
to ensure the quality of questionnaire answers, reduce the
difficulty of the task, and increase patient compliance. We
contacted any patients who failed to submit the questionnaire
within 2 days, and we conducted a phone interview if there
was still no response. The long-term effects of MIRT were
evaluated using patient-reported outcome measures, which
consisted of two parts: the duration of the rehabilitation effect
and the overall effect grading questionnaire.

The options when reporting the duration of the rehabilitation
effects were as follows: A. The duration of the effects lasted
less than 1 month; B. The duration of the effects lasted 1
month; C. The duration of the effects lasted 2 months; D. The
duration of the effects lasted 3 months or more. When filling
out the questionnaire, patients could only choose one answer.
The contents of the questionnaire were graded according
to the overall effects of the treatment, as follows: 0:
the improvement was less than 25%, or there was no
improvement or worsening; 1: the improvement was between
26% and 50%; 2: the improvement was between 51% and
75%; 3: the improvement was between 76% and 95%; and 4:
the improvement was more than 95% (Czarnecki et al., 2012).

Statistical analysis

Normally distributed data are expressed as the mean +
SD, while non-normal data are reported as the median
(interquartile range). Data normality was verified using the
Shapiro—Wilk test. The Wilcoxon signed-rank test was used
to compare axial subscores, bradykinesia subscores, tremor
subscores, rigidity subscores, M-PAS, BBS, FTSTS, 6MWD,
and TUG, before and after the intervention. Paired samples
t-tests were used to analyze MDS-UPDRS Ill scores, 10MT-
comfortable gait speed, and 10MT-fast gait speed, before
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and after the intervention. Between-group comparisons
for H-Y stage, disease duration, age, Mini-Mental State
Examination (MMSE) score, axial subscores, bradykinesia
subscores, tremor subscores, rigidity subscores, M-PAS, BBS,
FTSTS, 6MWD, and TUG were assessed using the Kruskal—
Wallis test, while mean L-dopa equivalent dose (LED), MDS-
UPDRS Ill, 10MT-comfortable gait speed, and 10MT-fast gait
speed were assessed using the one-way analysis of variance
at baseline. The sex ratio was compared using the chi-squared
test, while the proportion of fluctuating patients was analyzed
using Fisher’s exact test. To correct the baseline imbalance
factor (for H-Y stage, axial subscores, and tremor subscores),
multiple linear regression was used. The model met the six
conditions of multiple linear regression. The formula was as
follows: AY =a+ X1 + X2 + X3 + X4 + Y baseline data, in which
a is a constant term, X1 is H-Y stage, X2 is axial subscores, X3
is tremor subscores, and X4 is the group (the dummy variable
was set with the PIGD group as the reference). Ordinal logistic
regression was used to analyze the grade effect of efficacy
between the three groups. Missing data were imputed
with the median of the indicator in each group. There was
statistical significance if P < 0.05. All analyses were performed
using SPSS Statistics version 25.0 software (IBM, Armonk, NY,
USA).

Results

Characteristics of the PD patients in each group

After 2 weeks of MIRT, all patients (n = 69; 36 in the PIGD
group, 19 in the TD group, and 14 in the indeterminate
group) took part in the short-term assessment, within 1-2
days after the MIRT. Three patients were lost to follow-up:
one in the PIGD group (the patient underwent DBS surgery
after discharge) and two in the TD group (one suffered a
traffic accident, and the other lost contact). Sixty-six patients
(35 in the PIGD group, 17 in the TD group, and 14 in the
indeterminate group) participated in the 3-month follow-up.

Of the 69 total subjects, there were 34 males and 35 females.
The mean age was 60.6 = 7.0 years (range 37-71 years), and
the duration of PD was 6.0 * 3.2 years (range 2—19 years).
The MMSE scores ranged from 17 to 30, with a mean of 27.0
+ 2.7. The H-Y stage ranged from 1.5 to 3, with a mean of

Table 1 | Demographic information and characteristics of the three groups

2.5 + 0.5. The patients were divided into the PIGD, TD, and
indeterminate groups according to their TD/PIGD ratio. The
results are shown in Table 1. There were no differences in age,
sex ratio, disease duration, MMSE, mean LED, proportion of
fluctuating patients, MDS-UPDRS I, bradykinesia subscores,
rigidity subscores, M-PAS, BBS, 10MT-comfortable gait speed,
10MT-fast gait speed, FTSTS, 6MWD, or TUG among the three
groups at baseline (P > 0.05). However, there were significant
differences in H-Y stage, axial subscores, and tremor subscores
between the three groups at baseline (P < 0.05). The results
of pairwise comparisons revealed significant differences in
H-Y stage (P = 0.001), axial subscores (P < 0.01), and tremor
subscores (P < 0.01) between the PIGD and TD groups.
Furthermore, tremor subscores were significantly different
between the PIGD and indeterminate groups (P < 0.01), and
axial subscores were significantly different between the TD
and indeterminate groups (P = 0.02). There were no significant
differences in H-Y stage (P = 0.05) or tremor subscores (P =
0.098) between the TD and indeterminate groups. There were
also no significant differences in H-Y stage (P = 0.334) or axial
subscores (P = 0.271) between the PIGD and indeterminate
groups.

Motor function outcomes after MIRT

After 2 weeks of MIRT, patients with PD had significant
improvements in MDS-UPDRS Ill, M-PAS, BBS, 10MT-
comfortable gait speed, 10MT-fast gait speed, FTSTS, 6MWD,
and TUG (P < 0.01; Table 2). When comparing the MDS-
UPDRS III subgroup scores, all MS, including tremor, rigidity,
bradykinesia, and axial symptoms, improved significantly in
the patients with PD (all P < 0.01; Figure 2).

After 2 weeks of MIRT, MDS-UPDRS IlI, M-PAS, 10MT-
comfortable gait speed, 10MT-fast gait speed, 6MWD, BBS,
FTSTS, and TUG improved significantly in all three groups
(P < 0.01 or P <0.05), except for M-PAS in the TD group
(P = 0.068; Table 3). After 2 weeks of MIRT, both axial and
bradykinesia subscores were significantly decreased among
the three groups (P < 0.05; Table 3). After 2 weeks of MIRT,
there was a significant change in the tremor subscores of
the indeterminate group only (P = 0.007). In addition, after
2 weeks of MIRT, rigidity subscores decreased significantly in

Items PIGD group (n = 36) TD group (n =19) Indeterminate group (n = 14) P-value
Gender® [male, n(%)] 18(50.0) 8(42.1) 8(57.1) 0.689"
H-Y stage® 3.0(1.0) 2.0(1.0) 2.5(1.0) 0.003°
Disease duration® (yr) 6.5(5.0) 5.0(4.0) 4.5 (4.0) 0.443"
Age® (yr) 62.5(11.0) 60.0(10.0) 63.0 (6.0) 0.120°
MMSE® 28(2) 27(6) 28(3) 0.857°
Mean L-dopa equivalent dose (LED)" (mg) 613.9+279.7 445.4+199.3 560.8+221.9 0.077"
Motor fluctuation® 7(19.4) 1(5.3) 1(7.1) 0.317°
MDS-UPDRS IlI° (scores) 29.1+11.2 28.1+10.7 30.1£10.0 0.861"
Axial subscores® 5(3) 3(2) 5(1) 0.002°
Bradykinesia subscores” 13.5(9) 12(9) 11.5(6) 0.358"
Tremor subscores” 0(3) 7(6) 5(5) <0.001°
Rigidity subscores’ 7(6) 6(3) 5(5) 0.248'
M-PAS" 50(9) 54(5) 52(10) 0.104°
BBS® 53(4) 55(3) 55(2) 0.061"
10MT-Comfortable gait speed® (m/s) 1.09+0.17 1.19+0.17 1.13+0.14 0.122'
10MT-Fast gait speed® (m/s) 1.44+0.23 1.48+0.22 1.52+0.22 0.550"
FTSTS® (s) 11.2(3.4) 10.6(3.2) 9.0(2.2) 0.059"
6MWD" (m) 463(111) 466(137) 473.5(139) 0.739°
TUG" (s) 9.9(2.3) 9.3(2.6) 9.2(3.2) 0.372°

°Count data are expressed as n(%), non-normal data are reported as the median (interquartile range), and “normally distributed data are expressed as the
mean + SD. *P: Chi-squared test; $P: Kruskal-Wallis test; §P: Fisher’s exact test; TP: one-way analysis of variance, df = 2. 10MT: 10-Meter Walk; 6MWD: 6-Minute
Walk Distance; BBS: Berg Balance Scale; FTSTS: Five Times Sit to Stand; H-Y: Hoehn—Yahr stage; LED: L-dopa equivalent dose; MDS-UPDRS IlI: Movement
Disorder Society-Unified Parkinson’s Disease Rating Scales Ill; MMSE: Mini-Mental State Examination; M-PAS: Modified Parkinson Activity Scale; n: number of
patients; PIGD: postural instability/gait difficulty; SD: standard deviation; TD: tremor dominant; TUG: Timed Get Up and Go.
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Table 2 | Motor function assessments of all patients pre- and post-MIRT

Pre-MIRT Post-MIRT
Iltems (n=69) (n=69) P-value
MDS-UPDRS III? (scores) 29.0£10.7 24.3x104 <0.001
M-PAS® 52(9) 54(6) <0.001
BBS" 54(4) 55(3) <0.001
10MT-Comfortable gait speed® (m/s) 1.13+0.17 1.2441.89 <0.001
10MT-Fast gait speed” (m/s) 1.47+0.22 1.59+0.23 <0.001
FTSTS® (s) 10.6(3.5) 9.1(3.1) <0.001
6MWD® (m) 465(117)  510(98) <0.001
TUG (s) 9.6(2.5) 8.5(1.8) <0.001

*Normally distributed data are expressed as the mean + SD, while *non-normal
dataare reported as the median (interquartile range) (paired samples t-test
or Wilcoxon signed-rank test). 10MT: 10-Meter Walk; 6MWD: 6-Minute Walk
Distance; BBS: Berg Balance Scale; FTSTS: Five Times Sit to Stand; MDS-UPDRS
Il: Movement Disorder Society-Unified Parkinson’s Disease Rating Scales III;
MIRT: multidisciplinary intensive rehabilitation treatment; M-PAS: Modified
Parkinson Activity Scale; n: number of patients; TUG: Timed Get Up and Go.

the PIGD group (P = 0.003). There were no significant changes
in rigidity subscores in the TD and indeterminate groups (P =
0.063 and P = 0.131, respectively; Table 3). After adjusting for
baseline imbalanced factors (using multiple linear regression),
the decrease in MDS-UPDRS Il scores in the PIGD group was
significantly greater than in the TD group (P = 0.021; Table 4),
suggesting that MIRT is more effective at improving MS in the
PIGD subtype (the changes in MDS-UPDRS Il were =5.6 + 4.9
and —3.5 + 3.8 in the PIGD and TD groups, respectively). There
were no significant differences in the score changes of any
other scales between the groups (P > 0.05).

Outcomes at the 3-month follow-up

At the 3-month follow-up, the duration of efficacy and the
improved grade of overall symptoms in each group are shown
in Figure 3, as percentages. At the 3-month follow up, there
was no difference in the duration of efficacy between the
PIGD group and the TD or indeterminate group (P > 0.05).
Furthermore, there was no significant difference in overall
symptom grade effects between groups, as evaluated using
ordinal logistic regression. The effect maintenance in the PIGD
group appeared slightly longer than that in the TD group, but
this difference was not significant (P > 0.05).

Discussion

This study demonstrated that MDS-UPDRS Il improvement
in the PIGD group was greater than that in the TD group in
the short-term after MIRT, and that the beneficial effects on
overall symptoms persisted for 1-3 months. This preliminary
results appear to be in conflict with results from a previous
study (Frazzitta et al., 2013a). One reason might be that the
study by Frazzitta et al. (2013a) only included PD patients
with H-Y stage 3, thus limiting the degree of dysfunction in
patients with different motor subtypes. Patients with different
motor subtypes exist in all of the different H-Y stages, which
is one of the clinical features of PD. Compared with the TD
and indeterminate subtypes, the PIGD subtype is associated
with greater H-Y stage (Jankovic et al., 1990; Alves et al.,
2006; Fereshtehnejad and Postuma, 2017), with patients
mainly in H-Y stages of 2.5 and above. In contrast, TD subtype
patients are usually in H-Y stages of 1-2, although they have
been reported to reach stage 2.5 or 3 when tremor is severe
(Jankovic et al., 1990; Alves et al., 2006). In the present pilot
study, the PIGD group had greater H-Y stages than the other
two groups, and their MS seemed to be more serious. Ritter
and Bonsaksen (2019) reported that patients with PD who had
a lower initial quality of life benefited more from rehabilitation
treatment, whereas patients with PD who had more severe
dysfunction seemed to respond better to MIRT treatment
(Trend et al., 2002).

Pre-treatment
Hok
Post-treatment

10 ok
ok ok

5

MDS-UPDRS lll subcales

0

Tremor Rigidity Bradykinesia Axial symptoms

Figure 2 | MDS-UPDRS lll subscale changes between pre- and post-MIRT.
The MDS-UPDRS Il subscales for tremor, bradykinesia, rigidity, and axial
symptoms were evaluated. After 2 weeks of MIRT, the scores of all the
subscales were significantly reduced. Data are reported as the mean +
standard deviation (n = 69; Wilcoxon signed-rank test). **P < 0.01. MDS-
UPDRS Ill: Movement Disorder Society-Unified Parkinson’s Disease Rating
Scales IlI; MIRT: multidisciplinary intensive rehabilitation treatment.

A D
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Figure 3 | Results of the 3-month follow-up.

(A—C) The percentage of the duration of effects lasting less than 1 month,

2 months, or 3 months and above for each group. (D—F) The percentage of
every grade effect in each group at the 3-month follow up. Data are reported
as percentages; n = 35, 17, and 14 for the PIGD, TD, and indeterminate
groups, respectively. PIGD: Postural instability/gait difficulty; TD: tremor
dominant.

Although H-Y stage and cognitive status affected patients’
function and motor performance in previous studies, they
did not influence the degree of improvement after MIRT
(Ferrazzoli et al., 2016; Ortelli et al., 2018). In the present
investigation, we used multiple linear regression to adjust
for these factors and revealed that, after 2 weeks of MIRT,
the PIGD group had greater improvements in MDS-UPDRS
[l scores compared with the TD group. This result may have
been caused by the different physiological and pathological
mechanisms of these two subtypes. It has been reported that
PD patients in the PIGD group have significant alterations
in the striatal-thalamo-cortical loop (Bergman et al., 1990;
Lewis et al., 2011; Jiang et al., 2016), and the supplementary
motor area plays a crucial role in the pathogenesis of
bradykinesia and akinesia (Cunnington et al., 2002; Zhang et
al., 2016). In contrast, resting tremor has been associated with
dysfunction of the cerebello-thalamo-cortical circuit (Helmich
et al., 2011; Lewis et al., 2011). In the future, we would
like to combine functional magnetic resonance imaging or
electroencephalogram with other methods to investigate the
underlying mechanisms of MS improvement among the three
groups. Although we have observed in clinical practice that
MIRT appears to be more effective in improving MS in PIGD
patients, the present study cannot strongly support this view,
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Table 3 | Changes in motor function among the three groups after MIRT

PIGD group (n = 36)

TD group (n =19) Indeterminate group (n = 14)

Iltems Pre-MIRT Post-MIRT Pre-MIRT Post-MIRT Pre-MIRT Post-MIRT
MDS-UPDRS III° 29.1#11.2 23.5411.7" 28.1+10.7 24.649.3" 30.1+10.0 25.8+8.8"
Axial subscores® (scores) 5(3) 42)" 3(2) 3(2)" 5(1) 4(1)
Bradykinesia subscores” 13.5(9) 12(8)” 12(9) 10(7)” 12(6) 10(8)”
Tremor subscores” 0(3) 0(3) 7(6) 7(3) 5(5) 4(3)"
Rigidity subscores® 7(6) 6(6)" 6(3) 5(5) 5(5) 5(4)
M-PAS" 50(9) 53(8)" 54(5) 56(3) 52(10) 54(5)"

BBS® 53(4) 54(4)" 55(3) 55(4)" 55(2) 56(3)"
10MT-Comfortable gait speed® (m/s) 1.09+0.17 1.21+0.217 1.19+0.17 1.30+0.16" 1.13+0.14 1.25+0.15"
10MT-Fast gait speed” (m/s) 1.44+0.23 1.54+0.23" 1.48+0.22 1.64+0.24" 1.52+0.22 1.65+0.22"
FTSTS® (s) 11.2(3.4) 10.0(3.5)" 10.6(3.2) 9.1(3.5)" 9.0(2.2) 7.7(1.6)"
6MWD" (m) 463(111) 490(93)" 466(137) 516(388)" 473.5(139) 524(81)"
TUG" (s) 9.9(2.3) 8.7(2.0)" 9.3(2.6) 8.4(1.5)" 9.2(3.2) 7.9(1.5)"

The paired samples t-test was used for normally distributed data (MDS-UPDRS Ill, 10MT-comfortable gait speed, and 10MT-fast gait speed). The Wilcoxon
signed-rank test was used for non-normal data (axial subscores, bradykinesia subscores, tremor subscores, rigidity subscores, M-PAS, BBS, FTSTS, 6MWD, and
TUG). °Normally distributed data are expressed as the mean + SD, and "non-normal data are reported as the median (interquartile range). *P < 0.05, **P <
0.01, vs. pre-MIRT. 10MT: 10-Meter Walk; 6MWD: 6-Minute Walk Distance; BBS: Berg Balance Scale; FTSTS: Five Times Sit to Stand; MDS-UPDRS Ill: Movement
Disorder Society-Unified PD Rating Scales Ill; MIRT: multidisciplinary intensive rehabilitation treatment; M-PAS: Modified Parkinson Activity Scale; n: number of
patients; PIGD: postural instability/gait difficulty; SD: standard deviation; TD: tremor dominant; TUG: Timed Get Up and Go.

Table 4 | Comparison of AMDS-UPDRS Il among the three groups

Coefficients®

Unstandardized coefficients

Standardized coefficients

Model B SEM B t P 95.0% confidence interval for3 R’
(Constant) —7.493 3.131 - -2.393 0.020 (—13.752 to —1.234) 0.171
H-Y stage 2.029 1.236 0.240 1.642 0.106 (—0.441 to 4.499)

Axial subscores 0.040 0.376 0.018 0.108 0.915 (-0.710t0 0.791)

Tremor subscores -0.243 0.204 -0.218 -1.193 0.238 (-0.651 t0 0.164)

TD group 4.515 1.900 0.448 2.377 0.021"  (0.717t08.312)

Indeterminate group 2.493 1.561 0.223 1.597 0.115 (-0.627 t0 5.614)

MDS-UPDRS Il -0.108 0.070 —-0.255 -1.550 0.126 (—0.248 t0 0.031)

Multiple linear regression was used, and the basis for single-factor variables entering the regression model was P < 0.05. AMDS-UPDRS IlI: Changes in MDS-
UPDRS Il after MIRT; *dependent variable: AMDS-UPDRS IlI; #P < 0.05, vs. PIGD group. MDS-UPDRS Ill: Movement Disorder Society-Unified PD Rating Scales IlI;

PIGD: postural instability/gait difficulty; TD: tremor dominant.

possibly because of the following limitations: the small sample
size of this study, the inconsistent views around the different
motor subtypes in PD, and the current lack of research in this
area for reference.

After 2 weeks of MIRT, we revealed significant improvements
in the MDS-UPDRS Ill, TUG, BBS, FTSTS, 10MT, and 6MWD
in the three groups, suggesting that short-term MIRT has
beneficial effects on MS, walking ability, and balance and
posture control in patients with PD. However, compared
with the other two groups, the improvement of M-PAS in
the TD group was not statistically significant. This finding
may be the result of better baseline motor function in the
TD group. Previous studies have demonstrated that MIRT
improves MS, reduces the risk of falling, improves quality
of life, delays the progress of PD, and has neuroprotective
effects in PD patients. Furthermore, a randomized controlled
trial suggested that MIRT is useful in improving movement
disorders, balance, activities of daily living, and quality of life
(Monticone et al., 2015). In addition, the study by Ferrazzoli
et al. (2018) suggested that MIRT could improve quality of life
in patients with PD, and this improvement was maintained
after a 3-month follow-up period. MIRT might also have a
neuroprotective effect (Frazzitta et al., 2015). Moreover, MIRT
can enhance brain-derived neurotrophic factor—tyrosine
receptor kinase B signaling in lymphocytes (Fontanesi et al.,
2016), which might lead to improved rigidity symptoms and
reduce the frequencies of tremor in PD patients (Marusiak
et al., 2015). MIRT has also been reported to improve the

symptoms of individuals with PD over both short- and long-
term periods (Frazzitta et al., 2012, 2013b, 2015, 2018;
Monticone et al., 2015), with the efficacy of MIRT lasting up
to 1 year (Frazzitta et al., 2013b; Monticone et al., 2015). In
the present study, we found no differences in the duration
or grade effects of efficacy among the three PD subtypes
over the long-term period, which might be due to the short
duration of follow-up and the evaluation methods we used.

Exercise is regarded as the basic element of rehabilitative
programs, and the type, frequency, and intensity of exercise
are important factors associated with rehabilitation effects
in PD (Abbruzzese et al., 2016). Silva et al. (2019) performed
a retrospective analysis of 236 clinical trials and found that
the most common frequency of exercise was twice per week,
with a mean intervention length of almost 13 weeks. A review
by Mak et al. (2017) indicated that a minimum of 8 weeks of
balance training or 4 weeks of gait training can have positive
effects that last for 3—12 months after treatment. Sustained
aerobic training, strength training, dance therapy, or tai chi
lasting a minimum of 12 weeks also has beneficial long-term
effects (Mak et al., 2017). Notably, MIRT has the advantages
of a short intervention duration, improvements in both MS
and NMS, and long-term effects, which indicates that PD
patients have a better response to this multidisciplinary,
comprehensive, and intensive rehabilitation treatment
compared with the aforementioned single rehabilitation
interventions. Trend et al. (2002) noted that MIRT provided
immediate benefits for both patients with PD and their
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caregivers. Compared with usual care physiotherapy,
specialized physiotherapy using the ParkinsonNet approach
not only reduced the incidence of PD-related complications
(17% vs. 21%) and decreased treatment sessions per year
(33.72 vs. 47.97), but also lowered expenditure, both for
direct costs (€933 vs. €1329) and total health-care expenditure
(€2056 vs. €2586) (Ypinga et al., 2018). These findings imply
that multidisciplinary rehabilitation has the potential to
improve quality of care and health outcomes in patients with
PD, while reducing healthcare costs (Tosserams et al., 2020).

In the present study, patients were divided into three
subtypes according to their TD/PIGD ratio; this approach is
more accurate and standardized compared with that of the
study conducted by Frazzitta et al. (2013a). Compared with
this previous study (in which all subjects were in H-Y stage
3), the present study included a wider range of subjects (H-Y
stage 1.5—-3). Moreover, we conducted a 3-month follow-up to
assess any differences in the maintenance of efficacy among
the three groups, which was not performed in the previous
study. Compared with earlier MIRT studies, the length of
the intervention was shorter in our study (the entire session
lasted for 2 weeks). Additionally, our study focused on a “boost
rehabilitative intervention”, which can reduce hospitalization
costs for patients with PD and save time for their work and
family.

There are several limitations to our study. First, the sample size
was relatively small, which might have led to statistical errors.
Second, we did not assess MDS-UPDRS I, TUG, BBS, FTSTS,
10MT, or 6BMWD at follow-up. Without these evaluations, we
cannot know which aspects of motor function were improved
at follow-up. Third, we used a patient self-reporting scale
guestionnaire to assess long-term effects, which may have
led to bias in the results caused by differences in patient
understanding. The questionnaire was also untargeted, which
might have covered up any differences in long-term effects
among the three groups. Fourth, the follow-up was relatively
short. Finally, although excluding cognitively affected patients
presumably ensured better adherence to the intervention,
it has been noted that PIGD patients are more prone to
developing cognitive impairment. When this impairment
involves executive and visuospatial functions, it may be linked
to a worse gait profile. As such, excluding cognitively affected
patients from the study may be a relevant selection bias that
limits the generalizability of our findings in real-life clinical
practice. Further real-world studies with a greater sample
size, covering a broad range of patients with PD over a longer
follow-up period, should be explored.

In summary, the present results suggest that 2 weeks of MIRT
can improve MS, walking disorders, balance, and postural
control dysfunction in different PD subtypes. In total, 71.43%
of patients in the PIGD group, 64.71% in the TD group,
and 85.71% in the indeterminate group maintained their
improvements at the 3-month follow-up. The rehabilitation
effects of MIRT on the PIGD subtype appeared to be slightly
better than those of the other subtypes. A neural network
study on the rehabilitation effects of different motor subtypes
in PD will be carried out in the future.
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