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Supplementary Methods 
Participants 
Inclusion criteria: (1) Idiopathic Parkinson's disease 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. 

MIRT procedure 
The 2-week MIRT 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. The MIRT procedure includes four sessions: one-on-one treatment, 
treadmill training, aerobic training, and speech therapy.1) One-on-one treatment: The 
30-minute one-to-one sessions are administered by the hospital's physiotherapist and 
consist mainly of warm-up activities and active and passive stretch exercises. This 
section is used to improve the stretch of the abdominal muscles, strengthen the muscles 
around the spine, adjust posture, and control balance and posture. 2)Treadmill training: 
Treadmill training was performed using C-MiLL (Motek, Amsterdam/Culemborg, 
Netherlands) and Balance Tutor (Meditouch, Netanya, Israel) with auditory cues, visual 
cues, and an anti-interference platform with feedback. This part is 30 minutes in total, 
performed once in the morning and once in the afternoon, and is used to improve 
balance and gait. 3)Aerobic training: Aerobic training was performed on upper and 
lower body trainers (T5XR; Nustep, Ann Arbor, MI, USA) for a total of 30 minutes. 
4)Speech therapy: Speech therapy consists of three interventions and lasts for half an 
hour. Consultation for management of swallowing and language problems; Personal 
swallowing training instruction for proper handling of food and liquid intake and meal 
monitoring; Speech therapy for hypokinetic dysarthria focuses on facial exercises to 
improve mouth movement and facial expression; breathing exercises to reduce speech 
stress; and exercises to improve vocalization, articulation, and rhythm of speech. 

MRI Data Preprocessing 
After the first ten time points were discarded, blood oxygen level-dependent functional 
images were corrected for timing, realigned, registered to the corresponding T1-
weighted images, normalized to the Montreal Neurological Institute template, 
resampled to 3 mm×3 mm×3 mm, processed to remove nuisance covariates, and 
smoothed with a 4-mm full width at half maximum Gaussian kernel. Specifically, the 



global mean signal, white matter signal, cerebrospinal fluid signal, and global Friston 
12-motion parameters (6 motion parameters and 6 motion derivatives) were regressed 
out as nuisance covariates. Structural T1-weighted images were obtained using a three-
dimensional brain volume sequence (echo time = 3.06 ms, repetition time = 8.06 ms, 
inversion time = 450 ms, flip angle = 15°, field of view = 300×300 mm2, matrix = 
512×512, slice thickness = 1.0 mm, and slice number = 160). 

Dynamic Brain States and Metrics by Coactivation Patterns Analysis 
The variance gain method was used to determine the optimal number of clusters, while 
the test-retest reliability method was used to evaluate the stability of the K value in this 
study. Fig. S1(A) plots the variance explained by clusters (between-cluster variance 
divided by the sum of between-cluster variance and within-cluster variance) for k=2-
16. When k increases from k-1 to k, the variance gain explained by k-means clustering 
gradually decreases, and the explained variance gain levels off when k>12. Furthermore, 
the test-retest reliability method was used to further evaluate the cluster number's 
stability, and the average centroid similarity was obtained after 100 repetitions. The 
results are shown in Fig. S1(B). As the K value increases, the similarity decreases. K 
=6, 8, 10, 13, 14, 15, 16 are local maximum values.  

 

Fig. S1. Stability evaluation of K value. Results of the variance explained (A) and test-
retest reliability (B) for different K values.  



Supplementary Results 

 

Fig. S2. The z scores of each kind of network of group CAPs. The network of each 
CAP with the largest z score is defined as the coactivated network, and the network 
with the smallest z score is defined as the deactivated network. "+" means 
"coactivation", and "-" means "deactivation". VN: visual network; SMN: somatomotor 
network; DAN: dorsal attention network; VAN: ventral attention network; LN: limbic 
network; FPN: frontoparietal network; DMN: default-mode network; CAP: 
coactivation pattern. 
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Fig. S3. EEG microstate clinical correlations. (A) Scatter plots display the correlation 
between the bradykinesia subscale and EEG microstate parameters with significant 
differences. (B) Scatter plots display the correlation between the MDS-UPDRS III and 
EEG transition probabilities with significant differences. (C) Scatter plots display the 
correlation between the bradykinesia subscale and EEG transition probabilities with 
significant differences. *, corrected P < 0.05; **, corrected P < 0.05. 



 

Fig. S4. The fMRI CAP temporal parameters Bradykinesia subscale correlations. 
Scatter plots display the correlation between the bradykinesia subscale and fMRI CAP 
temporal parameters microstate parameters with significant differences. 
  

-1.0 -0.5 0.0 0.5 1.0
-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.4

Changing Rate in Dwell Time of CAP(FPN+ VN-)

R
ed

uc
in

g 
R

at
e o

f B
ra

dy
ki

ne
sia

ρ = -0.173, P > 0.05
Responders
Nonresponders

-2 0 2 4
-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.4

Chaging Rate in Occupancy of CAP(VAN+ DAN-)

R
ed

uc
in

g 
R

at
e o

f B
ra

dy
ki

ne
sia ρ = 0.225, P > 0.05

Responders
Nonresponders

-1.0 -0.5 0.0 0.5 1.0
-0.4

-0.2

0.0

0.2

0.4

Changing Rate in Appearance of CAP(SMN+ FPN-)

R
ed

uc
in

g 
R

at
e o

f B
ra

dy
ki

ne
sia ρ = -0.043, P > 0.05Responders

Nonresponders

-1 0 1
-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.4

Changing Rate in Appearance of CAP(VAN+ DAN-)

R
ed

uc
in

g 
R

at
e o

f B
ra

dy
ki

ne
sia ρ = 0.113, P > 0.05

Responders
Nonresponders

-0.5 0.0 0.5
-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.4

Changing Rate in Dwell Time of CAP(DAN+ VAN-)

R
ed

uc
in

g 
R

at
e o

f B
ra

dy
ki

ne
sia ρ = -0.100, P > 0.05

Responders
Nonresponders



 



 

  



 


