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Background: Sleep disorders are prevalent in Parkinson's disease (PD) patients,
significantly impacting their quality of life and rehabilitation outcomes. This
on sleep disorders in PD patients, utilizing functional near-infrared spectroscopy
(fNIRS) to assess neurophysiological changes.

Methods: Ninety-six PD patients were allocated to control, exercise, or music
therapy groups for eight weeks. The Pittsburgh Sleep Quality Index (PSQI), along
with the Montreal Cognitive Assessment (MoCA), Mini-Mental State Examination
(MMSE), Unified Parkinson's Disease Rating Scale (UPDRS), and Parkinson's
Disease Questionnaire (PDQ-39) were used to assess outcomes. fNIRS
measured neurophysiological changes post-intervention.

Results: The exercise group demonstrated substantial improvement in sleep
quality after Bonferroni correction (PSQI: mean A = -1.78 + 0.99, P < 0.001;
Cohen's d = 1.45). Moderate effect sizes were observed in cognition (MoCA: d =
0.43) and motor function (UPDRS: d = 0.40), though these did not retain
statistical significance after correction. Between-group analysis revealed
greater PSQI reduction in exercise versus control (A = -1.19 + 0.85 vs. -0.19 +
1.53; P = 0.001 after Bonferroni adjustment, Cohen's d = 0.87), but not versus
music therapy (P = 0.018 > 0.0167). fNIRS confirmed cortical reorganization in
dorsolateral prefrontal cortex (Brodmann Area 9; Channel 3) and primary motor
cortex (Brodmann Area 4; Channel 9) at FDR-corrected P < 0.05. The control
group showed no statistically significant changes post-correction (all P > 0.01).
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patients, with preliminary evidence of neuroplastic adaptation. Consideration
could be given to exploring its integration into comprehensive
rehabilitation approaches.

Parkinson's disease, sleep disorders, exercise, fNIRS, non-pharmacological intervention

1 Introduction

Parkinson's disease (PD) is a progressive neurodegenerative
disorder affecting millions globally (1), presenting a range of motor
and non-motor symptoms (2). Among these, sleep disorders are
notably prevalent, with epidemiological studies suggesting that over
60% of PD patients experience varying degrees of sleep-related
problems (3). Such disturbances can stem from multiple factors: the
degeneration of specific brain regions responsible for sleep
regulation (4), side effects from medication (5), and secondary
consequences of motor symptoms, such as nocturnal akinesia (6).

The consequences of sleep disorders in PD patients are profound,
often exacerbating motor and cognitive symptoms (7), thereby
significantly deteriorating their quality of life (8). Moreover,
inadequate sleep has been associated with decreased functional
capacity and poorer rehabilitation outcomes in these individuals (9).
Hence, addressing sleep disorders is crucial not only for the patients'
well-being but also for optimizing their rehabilitation potential.

Traditionally, rehabilitation interventions for PD have focused
primarily on motor symptoms. However, while pharmacological
agents remain a mainstay for managing sleep disturbances, their
long-term efficacy is often limited by side effects such as dependency
and daytime somnolence (10). Recent literature has emphasized the
value of holistic approaches, considering both motor and non-
motor symptoms, with emerging evidence suggesting that non-
pharmacological interventions like integrative mind-body exercises
and music therapy may uniquely target neural circuits involved in
sleep regulation (11). Among these interventions, certain exercise-
exercises—a form of physical exercise known for its coordination
and flexibility-enhancing attributes—have been proposed as
potential strategies to address sleep disorders (12). Music therapy,
on the other hand, has been recognized for its potential in
regulating mood and improving sleep quality, due to its influence
on the brain's neurochemical processes (13).
documented in the Ming Dynasty text The Illustrated Exposition of
Internal Techniques, emphasizes dynamic tendon-strengthening
through isometric contractions and controlled breathing rhythms
(14). Unlike Tai Chi's continuous flowing movements focused on

Nine Oxen Tails') to enhance proprioceptive feedback and
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corticospinal facilitation (15). This sustained biomechanical
loading during postural holds induces fascial tension that
propagates along myofascial chains, potentially transmitting
mechanical stress through craniocervical interfaces to modulate
meningeal mechanotransduction. As evidenced by intracranial
recordings, such mechanosensitive signaling can enhance
thalamocortical arousal-regulating oscillations while dampening
hyperexcitability in rigidity-associated sensorimotor cortices (16).
This specific neuromuscular modulation may uniquely benefit PD
patients with rigidity-dominant phenotypes.

While the aforementioned therapeutic interventions have been
previously explored, the underlying neurophysiological changes in
the brain remain to be fully understood (17). The Functional
Alterations in Low-Frequency Fluctuations (fALFF), as derived
from resting-state functional near-infrared spectroscopy, provides
a novel avenue to probe these mechanisms at the cortical level (18).
It offers an opportunity to directly observe the changes in brain
functionality after interventions, potentially linking therapy
outcomes with neurophysiological adaptions (19).
significant improvements in sleep quality, motor function, and
cognitive function in PD patients, and that these improvements
will be associated with measurable changes in neurophysiological
activity as assessed by fNIRS. In light of this, this controlled
exercises on sleep disorders in PD patients, utilizing fNIRS to
assess neurophysiological changes.

2 Materials and methods
2.1 Study population and design

We conducted our study with 96 Parkinson's disease (PD) patients
admitted to the Baoshan Branch of Ruijin Hospital affiliated to the
Shanghai Jiao Tong University School of Medicine between December
2020 and June 2024. The inclusion criteria were: (1) Diagnosis based on
the Chinese Parkinson's Disease Diagnostic Criteria (2016 edition); (2)
Availability of complete clinical data; (3) Compliance with the Helsinki
Declaration for ethical review standards; (4) Pittsburgh Sleep Quality
Index (PSQI) score > 7; and (5) Absence of significant heart, liver, or
kidney function abnormalities.
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Exclusion criteria were: (1) Patients with serious organic lesions in
the heart, liver, or kidneys; (2) Patients with speech or consciousness
disorders; (3) Patients currently participating in other experimental
intervention studies that could potentially influence the outcomes of
this study; and (4) Patients with sleep disorders attributed to other
diseases, surgeries, tumors, or external factors.

All groups, including the control, exercise, and music therapy
groups, received standard conventional rehabilitation therapy at
our hospital, which includes physical therapy (PT), occupational
therapy (OT), and speech therapy (ST), to maintain ethical
standards and control variables. This ensures that all participants
received a consistent level of baseline care while the effects of the
additional interventions were evaluated.

2.2 Ethical statement

This study was reviewed and approved by the Ethical
Committee of The Second Rehabilitation Hospital of Shanghai
(N0.2020-0501) and the Ethics Committee of the Baoshan Branch
of the Renji Hospital affiliated with the Shanghai Jiao Tong
University School of Medicine (No.2020-qkwkt-005). All
participants signed an informed consent form.

2.3 Sample size

Sample size determination was performed using G*Power 3.1
software for a priori power analysis. We specified a medium effect
size (Cohen's d = 0.5) based on established methodological standards in
Parkinson's rehabilitation research, where this magnitude corresponds
to clinically meaningful thresholds for sleep outcomes. The analysis
parameters (0 = 0.05, power = 0.80, three groups, one primary endpoint
PSQI) yielded a requirement of 84 participants. To accommodate a
conservative 15% attrition rate aligned with PD exercise trial averages,
we recruited 96 participants with equal allocation to control, exercise,
and music therapy groups (n = 32 per group).

2.4 Randomization and blinding

Eligible participants were randomly assigned to one of the three
groups (control, exercise, music therapy) using a computer-
generated randomization sequence with block size of 6, prepared
and concealed by an independent researcher not involved in
recruitment or assessment. Outcome assessors responsible for
administering the PSQI, MoCA, MMSE, UPDRS, and PDQ-39
scales were blinded to group allocation. Due to the distinct nature
of the interventions, participants and therapists delivering the
interventions were not blinded. The fNIRS data acquisition
followed a standardized protocol, and the subsequent fALFF
analysis was performed using the NIRS_KIT software with
predefined parameters by an analyst blinded to group assignment.
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2.5 Demographic distribution and baseline
characteristics

The 96 participants were systematically divided into three
music therapy, each comprising 32 individuals. The control group
consisted of 19 males and 13 females with an average age of 69.87
years (SD = 3.42). The exercise group was composed of 18 males
and 14 females, with an average age of 67.59years (SD = 4.94). The
music therapy group included 18 males and 14 females with an
average age of 69.40 years (SD = 5.47). A one-way ANOVA analysis
revealed no significant differences in age distribution among the
groups (P = 0.127, F = 2.108).

Furthermore, one-way ANOVA analysis showed no significant
differences in the baseline scores across various scales among the
control, exercise, and music therapy groups. Specifically, there were
no significant differences in the MoCA scale scores (F=0.062, P =
0.940), MMSE scale scores (F=0.098, P = 0.906), PSQI scale scores
(F=0.449, P = 0.640), UPDRS scale scores (F=0.978, P = 0.380), and
PDQ-39 scale scores (F=0.635, P = 0.532). These results indicate
that the three groups were similar in their cognitive levels,
Parkinson's disease stages, and the severity of sleep disorders at
baseline, with no statistically significant differences.

2.6 Intervention procedures

All the study participants underwent routine drug treatment
and maintained their regular daily life schedules.

2.6.1 Control group

The control group received conventional rehabilitation training
comprising: physical therapy (10 min: balance training including
semi-tandem stance and weight shifting; gait training with obstacle
negotiation and visual cueing), occupational therapy (10 min:
activities of daily living retraining such as buttoning and utensil
use; fine motor coordination using nine-hole pegboard), and speech
therapy (10 min: respiratory-phonatory coordination through
sustained vowel phonation; orofacial exercises). This was
supplemented with 30 minutes of structured insomnia health
education covering sleep hygiene principles, stimulus control
techniques, and relaxation methods. The total 60-minute
intervention was administered once daily, five days a week, for
eight weeks.

2.6.2 Exercise group

In addition to the conventional rehabilitation training, this
group incorporated physical exercises inspired by the traditional
standardized motions suitable for PD patients: (1) Vertical Hand
Elevation: Starting in neutral stance, hands elevated vertically at
15°/sec to 120° shoulder flexion with scapular control, maintaining
10° knee flexion (3 repetitions x 15-second holds); (2) Lateral
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Tension Stretch: Bilateral arm abduction to 90° at 30° external
rotation, synchronized with diaphragmatic breathing (4-second
inhalation:6-second exhalation ratio) during 5 repetitions; (3)
Overhead Extension: Full scapulohumeral rhythm with bilateral
elevation to 170°flexion, maintaining lumbo-pelvic stability through
20° hip hinge (5 repetitions x 8-second cycles); (4) Step-Pull
Sequence: Half-step forward at controlled cadence (30 cm step
distance), performing isometric scapular retraction at 70%
maximum voluntary contraction during claw-grip sustain
(thumb-index opposition at 20N force); (5) Axial Rotation:
Controlled 45° thoracic rotation with contra-lateral hand reaching
mastoid level, maintaining pelvic stability (3 sets x 5 rotations/side);
(6) Centered Squat: Squat descent to 25° knee flexion with eccentric
control (5-sec descent), arms extended anteriorly at 60° elevation.
Each 30-minute session followed standardized cadence: 5-min
warm-up — 20-min movement execution — 5-min recovery. The
training was provided once daily, five days a week, for eight
consecutive weeks. See Figure 1.

2.6.3 Music group

Drawing on the findings of previous studies, our music therapy
protocol was derived from the principles outlined by Sarkdmo et al.
(2014) (20). Patients participated in standardized music therapy
sessions implementing evidence-based neuroacoustic protocols
calibrated for PD populations. The auditory stimuli comprised
three distinct categories with strict selection criteria: classical
compositions (70% session duration, e.g., Debussy's Clair de Lune),
jazz standards (20% duration, limited to cool jazz subgenre like Miles
Davis' Blue in Green), and Chinese folk melodies (10% duration, e.g.,
pentatonic-scale Jasmine Folk Song). All pieces underwent technical
validation to ensure adherence to 60-80 BPM. Sessions were delivered

10.3389/fpsyt.2025.1470847

in acoustically controlled environments (background noise <30dB)
using noise-cancelling headphones, with continuous 30-minute
playback at 60 dB volume without therapist interruption. This
standardized protocol was administered once daily, five days per
week, for eight consecutive weeks.

2.7 Intervention fidelity monitoring

To ensure the interventions were delivered as intended and to
assess participant adherence, the following fidelity measures
were implemented:

Attendance: Participant attendance at every session was
meticulously recorded using a standardized attendance log. Adherence
was calculated as the percentage of scheduled sessions attended.

Therapist Training and Protocol Adherence: All therapists
underwent standardized training based on detailed intervention
manuals. These manuals specified the exact sequence, duration, key
selection criteria, insomnia education topics), and instructions for
each session. To monitor delivery fidelity, the research coordinator
conducted periodic, unannounced observational visits (at least one
session per therapist per month) using a structured fidelity
checklist. Additionally, therapists completed a brief session log
after each intervention documenting completion of core
components and any deviations or participant issues.

Participant Compliance: During sessions, therapists ensured
participants engaged appropriately (performing exercises to the
best of their ability, listening attentively during music sessions).
For the exercise group, therapists provided corrections if movement
execution deviated significantly from the standard.
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FIGURE 1
Schematic diagram of Yijinjing-inspired exercises.
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2.8 Safety monitoring

Adverse events were systematically documented using a
standardized protocol aligned with CONSORT guidelines.
Therapists recorded any intervention-related incidents (falls,
musculoskeletal pain and dizziness) during daily sessions. Events
were categorized by severity (mild: self-resolving; moderate:
requiring modification; severe: discontinuation) and causality
(related/unrelated to intervention). All participants received safety
education on movement modifications and fall prevention
strategies prior to intervention commencement.

2.9 Assessment techniques

2.9.1 Scale evaluation

Several scales were utilized to assess the participants:

MoCA: The Montreal Cognitive Assessment, a brief 30-
question test that assesses different cognitive domains.

MMSE: The Mini-Mental State Examination, commonly used
to screen for cognitive impairment.

PSQI: Pittsburgh Sleep Quality Index, a tool to measure the
quality and patterns of sleep.

UPDRS: Unified Parkinson’s Disease Rating Scale, which
measures both motor and non-motor symptoms of PD.

PDQ-39: Parkinson's Disease Questionnaire, a 39-item
instrument that assesses the health status of PD patients2.

2.9.2 fNIRS imaging
2.9.2.1 Data acquisition

A 22-channel portable fNIRS imaging device (lightnirs,
Shimadzu) was used. It incorporated eight light-emitting and
eight detecting probes, forming 22 effective channels, spaced
30mm apart, primarily covering the frontal lobe. The central
brain area beneath the midpoint of the connecting line between
the emitter and detector was considered the main detection zone,
labeled according to the Brodmann cerebral cortical areas. During
scanning, subjects sat in a relaxed state with closed eyes, ensuring
minimal cognitive activity. Baseline resting-state data were collected
for 8 minutes before and after task exercises.

2.9.2.2 Data analysis

Collected fNIRS raw data were processed using the NIRS_KIT
software (21) on Matlab 2018b°. Procedures involved integrating raw
fNIRS signal time-series, hemoglobin concentration changes, and
spatial geometry. Drifts were removed using polynomial regression
models, and motion artifacts were corrected with temporal derivative
distribution repair (TDDR). Motion artifact correction implemented
a 3.0 standard deviation threshold for spike removal. Hemoglobin
concentration changes were derived using the modified Beer-Lambert
law with differential pathlength factors set at 6.0 (780 nm) and 5.2
(850 nm). Baseline normalization utilized whole-session mean scaling
prior to fALFF computation.The signal intensity of oxygenated
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hemoglobin at the individual level was analyzed by executing
fALFF, setting the low-frequency fluctuation amplitude
between 0.01 to 0.08Hz.The 0.01-0.08 Hz frequency band for
fALFF analysis was selected based on established protocols for PD
neuroimaging studies, as this range optimally captures slow cortical
hemodynamic oscillations associated with neuroplastic changes while
minimizing contamination from higher-frequency physiological
noise (cardiac cycles > 0.1 Hz, respiration 0.1-0.3 Hz) (22).
This bandwidth has demonstrated particular sensitivity to cortico-
striatal connectivity alterations in PD populations during resting-
state assessments.

2.10 Statistical analysis

Data were analyzed using SPSS 22.0 software (IBM Corp.,
Armonk, NY). Baseline characteristics across groups were
evaluated using one-way analysis of variance (ANOVA). For
within-group comparisons, paired-sample t-tests assessed pre-post
intervention changes in clinical scales (MoCA, MMSE, PSQI,
UPDRS-III, PDQ-39), with Bonferroni correction applied to
control Type I error inflation from multiple comparisons; the
significance threshold was adjusted to o = 0.01 per group (0.05/5
scales). Effect sizes for significant within-group differences were
calculated using Cohen’s d, where d = mean change score / standard
deviation of change scores. Between-group differences were
analyzed using one-way ANOVA, with effect sizes quantified by
partial N> When ANOVA indicated significant differences (P <
0.05), Bonferroni-adjusted post hoc tests were conducted for
pairwise comparisons, with the significance threshold set at o =
0.0167 per scale (0.05/3 pairwise tests). Cohen’s d was additionally
computed for significant between-group differences using pooled
standard deviations. For fNIRS data, false discovery rate (FDR)
correction was applied during fALFF analysis in NIRS_KIT, while
all other analyses used two-tailed tests with o = 0.05. Interpretation
of effect sizes followed established conventions: Cohen’s d
thresholds were 0.2 (small), 0.5 (medium), and 0.8 (large); partial
1? thresholds were 0.01 (small), 0.06 (medium), and 0.14 (large).

3 Results
3.1 Intervention fidelity and compliance

Participant adherence to the intervention schedule was high.
The mean attendance rates were 92.4% (SD = 5.1%) for the exercise
group, 94.1% (SD = 4.3%) for the music group, and 90.7% (SD =
6.8%) for the control group, with no significant between-group
differences (F=2.15, P = 0.122). Three participants withdrew (one
from each group) due to personal reasons unrelated to the study.

Observations (n=48 sessions) and therapist logs indicated
excellent protocol adherence. Minor deviations (e.g., session
shortened by <5 minutes due to participant fatigue on rare
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occasions, slight individual adaptation of an exercise) were
infrequent and documented. Structured fidelity checks during
observational visits confirmed that >95% of core intervention
components were consistently delivered across all sessions and
therapists. No severe adverse events occurred across all groups.
Three mild events were documented in the exercise group (two
cases of transient muscle soreness, one incident of mild dizziness
resolving within 10 minutes), representing 3.1% of exercise
participants. No modifications or discontinuations were required.
The music and control groups reported zero adverse events.

3.2 Within-group comparison

In the exercise group, significant improvements were observed
across multiple domains: MoCA scores increased from 20.34 + 1.64
to 20.78 + 1.56 (mean difference 0.44, 95% CI 0.07-0.81; t = -2.44, P
=0.021), MMSE scores from 21.22 + 1.90 to 21.69 + 1.87 (difference
0.47,95% CI 0.11-0.83; t = -2.61, P = 0.014), PSQI scores decreased
from 16.81 + 1.26 to 15.03 * 1.23 (difference -1.78, 95% CI -2.06 to
-1.50; t = 11.58, P < 0.001), UPDRS scores from 16.72 + 1.75 to
15.84 + 1.87 (difference -0.88, 95% CI -1.67 to -0.09; t = 2.24, P =
0.032), and PDQ-39 scores from 34.91 + 3.48 to 33.59 + 3.43
(difference -1.32, 95% CI -2.48 to -0.16; t = 2.30, P = 0.028). The
music group demonstrated a modest reduction in PSQI scores from
16.84 + 1.30 to 16.31 + 1.35 (difference -0.53, 95% CI -1.01 to -0.05;
t = 2.28, P = 0.031) but showed no significant changes in other

TABLE 1 Results of inter-group scale statistical comparison.

10.3389/fpsyt.2025.1470847

measures. No statistically significant within-group changes were
detected in the control group across all assessments. See Table 1.

3.2 Between-group comparisons

Analysis of covariance revealed no between-group differences in
changes for MoCA (F = 0.18, P = 0.837), MMSE (F = 042, P =
0.658), UPDRS (F = 1.55, P = 0.218), or PDQ-39 scores (F = 0.54, P
= 0.584). However, significant between-group differences emerged
for PSQI score changes (F = 5.20, P = 0.007), with partial n* = 0.10
indicating a medium-to-large effect. Post-hoc comparisons
demonstrated a large effect size between exercise and control
groups (mean difference -1.01, 95% CI -1.57 to -0.43; t = 3.47, P
=0.001; Cohen's d = 0.87), while exercise versus music comparison
showed a medium effect (mean difference -0.66, 95% CI -1.20 to
-0.12; t = -2.43, P = 0.018; Cohen's d = -0.53). Control versus music
comparison was non-significant (P = 0.198). See Tables 2 and 3.

3.3 Functional near-infrared spectroscopy
analysis

After False Discovery Rate (FDR) multiple comparison correction,
significant post-intervention differences were identified in the Exercise
Group, particularly in channels 3, 9, and 14. The Montreal
Neurological Institute (MNI) coordinates for these channels were

Group Scale Pre-treatment  Post-treatment T P Cohen's d
Control Group MoCA, Mean + SD 20.66 + 1.79 2091 + 1.82 -0.80 0.428 0.142
MMSE, Mean + SD 21.03 + 1.86 21.25 + 1.81 -1.31 0.198 0.232
PSQI, Mean + SD 16.53 + 2.08 16.34 + 2.17 0.69 0.494 0.122
UPDRS, Mean + SD 17.09 £ 1.53 17.03 + 1.80 0.22 0.827 0.039
PDQ-39, Mean + SD 33.94 + 3.90 33.56 + 4.49 0.39 0.701 0.068
Exercise Group MoCA, Mean + SD 20.34 + 1.64 20.78 + 1.56 -2.44 0.021 0.431
MMSE, Mean + SD 21.22 +£1.90 21.69 + 1.87 -2.61 0.014 0.462
PSQI, Mean + SD 16.81 £ 1.26 15.03 + 1.23 11.58 <.001" 1.447
UPDRS, Mean + SD 16.72 £ 1.75 15.84 + 1.87 224 0.032 0.396
PDQ-39, Mean + SD 3491 + 348 33.59 + 343 230 0.028 0.407
Music Group MoCA, Mean + SD 20.50 + 1.63 20.78 £ 1.95 -1.39 0.174 0.246
MMSE, Mean + SD 21.19 + 1.67 21.53 +1.52 -1.51 0.140 0.267
PSQI, Mean + SD 16.84 + 1.30 16.31 + 1.35 2.28 0.031 0.403
UPDRS, Mean + SD 17.28 + 1.63 17.09 + 1.94 0.51 0.617 0.089
PDQ-39, Mean + SD 3422 £3.20 3391 +3.35 0.45 0.653 0.080
T, t-test.
SD, standard deviation.
"Bonferroni-adjusted significance: within-group P < 0.01.
Effect size interpretation: 0.2 (small), 0.5 (medium), 0.8 (large).
Frontiers in Psychiatry 06 frontiersin.org


https://doi.org/10.3389/fpsyt.2025.1470847
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Hu et al.

TABLE 2 Results of inter-group scale statistical comparison.

10.3389/fpsyt.2025.1470847

Variables Control group  Exercise group  Music group partial 2
AMoCa, Mean * SD 0.32 +1.33 0.25 + 1.76 0.44 + 1.01 0.28 + 1.14 0.18 0.837 0.004
AMMSE, Mean + SD 0.34 + 1.08 0.22 £ 0.94 0.47 £ 1.02 0.34 £ 1.29 0.42 0.658 0.009
APSQI, Mean + SD -0.64 + 1.31 -0.19 £ 1.53 -1.19 £ 0.82 -0.53 £ 1.32 5.20 0.007" 0.101
AUPDRS, Mean + SD -0.38 + 2.00 -0.06 + 1.61 -0.88 + 2.21 -0.19 + 2.10 1.55 0.218 0.032

APDQ-39, Mean + SD -0.67 + 4.29 -0.38 £ 5.48 -1.31 +£3.23 -0.31 £+ 3.90 0.54 0.584 0.012

F: ANOVA.

SD, standard deviation.

"Bonferroni-adjusted significance:between-group P < 0.0167.
Partial n? interpretation: 0.01 (small), 0.06 (medium), 0.14 (large).

TABLE 3 Post-hoc analysis of APSQI between groups with effect sizes.

Comparison = Mean difference (95% CI) Cohen’s d Significance (o = 0.0167)
Control vs. Exercise 1.01 (0.43, 1.57) 3.47 0.001 0.87 Significant

Control vs. Music 0.34 (-0.18, 0.86) 1.30 0.198 0.29 Non-significant

Exercise vs. Music -0.66 (-1.20, -0.12) -243 0.018 -0.53 Marginal

T, t-test.

channel 3 (-15; 54; 42,BA9), channel 9 (12; -16; 78,BA4), and channel
14 (34; -33; 73,BA7). These channels showed marked post-intervention
improvements, with the remaining channels also exhibiting enhanced
values compared to pre-intervention levels. The graphical
representation of the fALFF values visually corroborates these
findings, demonstrating localized variations in brain activity.In
contrast, there were no significant differences in the fALFF values
post-intervention in the control and music groups. See Figure 2.

4 Discussion

The current findings demonstrate that Yijinjing-inspired
exercises significantly improved sleep quality in Parkinson's
disease (PD) patients, aligning with existing evidence supporting
mind-body interventions in PD rehabilitation (23). Specifically,
integrative practices like Yijinjing that emphasize coordinated
movement and mindfulness may enhance neuroplasticity through

Exercise Group

r 900
® ® ® O

z @ ® » @ w @ ©
Music Group Control Group
I 15
® = ® o s " T e @ ® @ |
- 05
® » @ @ B I : e » 00
-05 I 05
-1 - -
2 » ® ® © @ © @ M. . e ® = ® @ ® © @
-2
o ® ® @ ® & 5 1 :5 @ ® v w @ @
FIGURE 2
Changes in the fALFF before and after treatment.
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multiple pathways. Similar mechanisms have been observed in Tai
Chi, where rhythmic physical activity can stabilize circadian
rhythms (24). While our data also showed improvements in
cognitive and motor functions, these did not retain statistical
significance after rigorous correction for multiple comparisons,
suggesting that sleep quality may represent the most responsive
domain to this intervention within the current study parameters.

Neurophysiological adaptations observed via functional near-
infrared spectroscopy provide correlative evidence that may help
elucidate these clinical outcomes. Elevated fALFF values in the
exercise group, particularly in the prefrontal cortex (channel 3) and
supplementary motor area (channel 9), were associated with clinical
improvements. These regions are critically involved in sleep regulation
and motor control (25), and their activation patterns align with
neuroimaging studies demonstrating altered functional connectivity
in sensorimotor circuits following mind-body training (26). For
instance, prior research on Tai Chi has shown optimization of
intrinsic brain architecture, particularly in frontal regions (27).
Notably, while Tai Chi primarily enhances functional connectivity
within frontal networks, our observed activation in primary motor
postural loading may uniquely engage corticospinal facilitation circuits.
This divergence implies that different mind-body practices recruit
complementary neuroplastic pathways—with Tai Chi optimizing
network integration and Yijinjing strengthening elemental motor
control. Such differential targeting could inform personalized
rehabilitation approaches based on phenotypic profiles.However, it
must be emphasized that these neurophysiological changes
demonstrate correlation rather than established causation with
functional improvements, as the temporal resolution of our
measurements cannot confirm directional relationships between
neural adaptation and behavioral outcomes.

The large effect size observed in PSQI improvements exceeds
established thresholds for clinical significance in sleep interventions.
Notably, this effect magnitude surpasses the minimum clinically
important difference for PSQI in PD populations, suggesting
meaningful sleep quality enhancement beyond statistical
significance. The significantly greater reduction in PSQI scores
compared to both control conditions—including an active control
receiving insomnia education—underscores the potentially robust
effect of the Yijinjing-based intervention.

In contrast, music therapy demonstrated more limited efficacy in
this trial. The observed modest reduction in PSQI scores without
significant effects on other measures suggests that while auditory
stimulation may provide some benefit, its mechanisms likely differ
from those engaged by motor-cognitive interventions (28). This
discrepancy highlights the potential value of therapies that
simultaneously target multiple neural circuits, though the precise
factors underlying differential treatment response require further
investigation. We acknowledge that our original explanation
regarding neural oscillation misalignment represented speculative
interpretation beyond direct evidence, and have reframed this
conclusion accordingly.

The control group's lack of significant improvement underscores
the limitations of conventional rehabilitation approaches for
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addressing sleep pathophysiology in PD. Traditional interventions
often prioritize motor symptoms over holistic neuromodulation (29),
may address multifactorial sleep dysregulation more effectively (30).
This aligns with increasing calls for integrative strategies in
neurodegenerative disease management.

Several limitations warrant consideration when interpreting
these findings. First, the 8-week intervention period may be
insufficient to evaluate long-term neuroplasticity or sustained
benefits (31). Second, the lack of participant and interventionist
blinding introduces possible performance bias, though we mitigated
assessment bias through blinded outcome evaluation. Third, fNIRS
coverage was limited to frontal regions, potentially missing relevant
network-level changes in other brain areas. Fourth, while we
maintained stable pharmacologic regimens across all participants
throughout the study, we cannot exclude potential interactions
between dopaminergic medications and exercise interventions
that might influence outcomes. Future studies with medication
stratification could clarify this relationship. Finally, the
homogeneous sample of Chinese patients necessitates cross-
cultural validation of these findings.

Regarding our control group design, the additional insomnia
health education sessions provided to this group represent a
potential confounding factor that may have attenuated between-
group differences. While this element aimed to reflect standard
clinical practice for PD patients with sleep concerns, future research
would benefit from implementing attention-controlled conditions
that more rigorously isolate specific intervention effects.

Despite these limitations, this study provides evidence that
quality in PD patients. The correlative neurophysiological data
suggest possible neural mechanisms worthy of further
investigation. These findings support continued exploration of
non-pharmacological, multimodal approaches to PD
management, with particular attention to sleep-related outcomes
that significantly impact quality of life. Future longitudinal studies
with broader neuroimaging coverage and medication monitoring
may help establish causal mechanisms and optimize
intervention protocols.

5 Conclusion

By integrating clinical and neurophysiological data, this study

The observed neural and functional improvements advocate for non-
pharmacological, multimodal therapies in PD care, resonating
with broader efforts to address neurodegenerative complexity.
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