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Abstract

Objective: To evaluate the effects of a regional specialist collaborative network management model centered on
provincial Parkinson’s disease (PD) centers on spatiotemporal gait parameters and medical costs in PD patients, and
to explore the assessment value of objective gait indicators and their health economic implications in the chronic
disease management of PD.

Methods: A multicenter, prospective cohort study was conducted. A total of 366 PD patients treated at the Second
Affiliated Hospital of Nanchang University between January 2022 and January 2024 were enrolled. Patients were
assigned to a standardized management group (n = 192) or a conventional treatment group (n = 174) based on
residential coverage within four designated regional specialist alliance units in Jiangxi Province and willingness
to undergo regular follow-up. The standardized management group received unified training from the provincial
center, remote guidance, and multidisciplinary integrated management, whereas the conventional treatment group
received routine outpatient follow-up. In both groups, spatiotemporal gait parameters—including gait speed, stride
length, step frequency, double support phase, swing phase, and stride length variability—were collected using an
inertial measurement unit system at baseline, month 6, and month 12. Repeated measures analysis of variance
was performed to assess intervention effects, and Spearman rank correlation analysis was used to examine the
associations between the Unified Parkinson’s Disease Rating Scale Part III (UPDRS-III) improvement rate and
spatiotemporal gait parameters. PD-related medical costs during 0—6 months and 7-12 months were also collected,
encompassing medication costs and non-medication costs (fall-related injuries, rehabilitation, assistive devices,
home care, and referrals).

Results: Significant time effects, group effects, and interaction effects were observed for gait speed, stride length,
step frequency, double support phase, swing phase, and stride length variability (p < 0.05). Notably, for step
frequency, while group effects and interaction effects were significant (p < 0.001), the time effect did not reach
statistical significance (p = 0.100). In the standardized management group, step length, gait speed, stride length,
and swing phase progressively increased, while double support phase and stride length variability progressively
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decreased; the conventional treatment group exhibited opposite or fluctuating trends. In the standardized management
group, the UPDRS-III improvement rate was significantly correlated with stride length variability (» = —0.738), gait
speed (» = 0.707), and stride length (» = 0.690). Although similar trends were observed in the conventional treatment
group, the correlation coefficients were attenuated, indicating divergent gait-symptom transformation patterns. Total
medical costs in the standardized management group increased gradually. Compared with the conventional treatment
group, cost increments at month 6 and month 12 were reduced by 23.9% and 34.8%, respectively (Z=—4.907,
p <0.001; Z=-8.447, p < 0.001), with particularly pronounced reductions in non-medication costs (fall-related
injuries and rehabilitation expenses).

Conclusion: A regional collaborative network management model centered on provincial specialist centers
significantly improves gait stability and motor symptoms in PD patients, reduces fall-related medical expenditures
through gait optimization, and demonstrates clear health economic advantages.

Keywords: Parkinson’s disease; gait analysis; regional specialist alliance; standardized management; medical

costs; inertial measurement unit

Introduction

Parkinson’s disease (PD) is a common neurodegenerative
disorder affecting middle-aged and older adults. Gait
impairment, as one of its core motor symptoms, has
been identified as a major contributor to disability and
falls in patients with advanced disease!”. Epidemiologi-
cal data indicate that approximately 70% of PD patients
develop gait abnormalities in the middle to late stages
of the disease, which may increase the risk of falls by
3- to 5-fold, with fracture rates reaching 20%—40%">".
As the disease progresses, the 5-year disability rate may
rise above 60%, which could reduce quality of life and
add to the socioeconomic burden. With demographic
changes, the prevalence of PD has been increasing,
recent studies suggest that the global burden of PD con-
tinues to grow, with the total number of patients in China
reaching approximately 5.08 million, associated deaths
of 92,000, and disability-adjusted life years of approxi-
mately 2.16 million, posing considerable challenges to
population health and social resources'®”.

Current clinical assessment of PD relies primarily on
tools such as the Unified Parkinson’s Disease Rating
Scale (UPDRS). While these instruments may reflect
overall motor function, they have limited sensitivity to
subtle gait changes and are susceptible to the influence
of examiner experience and the patient’s immediate
condition. The introduction of inertial measurement
unit (IMU) technology offers a useful complement to

these limitations: by recording movement trajectories
in real time through sensors, IMU may enable the
objective quantification of functional activity levels
and gait characteristics™”. The gait cycle refers to the
complete process from the initial contact of one foot
to the subsequent contact of the same foot, comprising
two phases: stance and swing!'’. In this study, the Timed
Up and Go (TUQG) test was used as the gait assessment
protocol. This task simulates basic mobility patterns
in daily activities and facilitates the acquisition of
objective, quantifiable gait parameters for the evaluation
of motor function in PD!""*,

Nevertheless, the clinical management of gait impairment
in PD remains challenging. On the one hand, primary care
institutions often lack systematic gait assessment tools
and rehabilitation intervention capabilities, and patients
frequently do not receive specialist care until severe
freezing of gait or recurrent falls have developed, missing
the window for early intervention. On the other hand,
under traditional management models, gait rehabilitation
training for PD patients often lacks standardized protocols
and continuous supervision, resulting in low adherence
to exercise prescriptions and difficulty maintaining
therapeutic effects'". Regional specialty alliances, as an
important component of integrated healthcare delivery
systems, may address these gaps through the downward
transfer of technology from higher-level hospitals,
standardized training, and remote guidance, thereby
enabling the standardized and continuous management of



gait assessment and intervention. Against this background,
the present study established a regional collaborative net-
work centered on a provincial PD specialist center and
involving four municipal tertiary hospitals, with the aim
of evaluating the effects of a standardized management
model on spatiotemporal gait parameters and medical
costs in PD patients, and of providing evidence-based
support for precise and economical long-term manage-
ment of the disease.

Methods
Study design and participants

This was a multicenter, prospective cohort study con-
ducted at the Second Affiliated Hospital of Nanchang
University and four regional collaborative units
(Yichun People’s Hospital, Fuzhou People’s Hospital,
Jingdezhen First Hospital, and Yingtan People’s Hos-
pital) in Jiangxi Province. This study was approved by
the Ethics Committee of the Second Affiliated Hospital
of Nanchang University (Approval No. 2021-YI-YAN-
LUN-SHEN-69). This work was conducted as part of
the intramural clinical research project of the Second
Affiliated Hospital of Nanchang University (Project No.
2021efyC03).

Between January 2022 and January 2024, consecutive
patients with a clinical diagnosis of PD who attended
the outpatient clinic or were admitted to the Department
of Neurology were enrolled. The inclusion criteria were
as follows: (1) fulfillment of the 2015 clinical diagnostic
criteria for PD issued by the International Parkinson and
Movement Disorder Society (MDS); (2) age between
40 and 90 years; (3) Hoehn-Yahr (H-Y) stage 1-3;
(4) initiation of pharmacological treatment with long-term
adherence; (5) fixed place of residence and willingness
to cooperate with follow-up; (6) voluntary participation
with signed informed consent. The exclusion criteria were
as follows: (1) secondary parkinsonism or Parkinson-
plus syndromes; (2) cognitive impairment or psychiatric
disorders preventing effective communication; (3) signifi-
cant impairment of cardiac, hepatic, or renal function;
(4) poor compliance precluding completion of the study
protocol.

Translational Neurology and Neurosurgery

All participants underwent detailed medical history
collection and neurological physical examination. Scale
assessments were performed independently by two
senior neurologists, and data were verified by a third
physician. Based on whether the patient’s place of
residence was within the coverage area of the four
regional specialty alliance units and their willingness
to undergo regular follow-up, two cohorts were formed
naturally: a standardized management group and a routine
care group. Both groups were observed for 12 months,
with follow-up data collected at baseline, month 6, and
month 12.

Management strategies

The standardized management group received care
delivered through the regional specialty collaborative
network, with the provincial center providing standardized
training, remote guidance, and quality control to collabo-
rative units to achieve homogenization of diagnosis and
treatment protocols. The intervention comprised the fol-
lowing components: (1) establishment of a dedicated PD
team, with standardized training and quality control in
MDS-UPDRS administration, regular remote consulta-
tions, and grassroots outreach lectures; (2) development
of an online physician-patient communication platform,
concurrent with systematic health education and offline
mutual support activities; (3) simplification of medica-
tion regimens, with remote guidance on dose titration
and reminders for scheduled follow-up visits; (4) imple-
mentation of a low-protein antioxidant diet, structured
exercise, sunlight exposure, psychological support,
and rehabilitation interventions; (5) standardized care
training for family members and primary caregivers;
(6) establishment of a two-way referral green channel:
patients were referred to the provincial center for
treatment adjustment when UPDRS-III score changes
reached or exceeded 5 points, and returned to collabora-
tive units for continued management after stabilization.

Patients in the routine care group attended municipal
tertiary hospitals with neurology departments in the
province at their own discretion, in accordance with the
Chinese Guidelines for the Treatment of Parkinson’s
Disease (Fourth Edition), and received routine outpatient
follow-up without a unified intervention protocol.
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Data collection

At baseline, month 6, and month 12, all participants
underwent gait parameter acquisition and medical cost
assessment.

Gait parameters. Gait data were collected using an iner-
tial measurement unit system (Jeno Science, Shenzhen,
China) at a sampling rate of 100 Hz. Ten IMU sensors
were placed on the lower back (L5), sternum, bilateral
wrists, bilateral thighs, bilateral ankles, and bilateral feet.
Participants completed the TUG test, and the following
parameters were recorded simultaneously: mean step
length of left and right feet (cm), gait speed (m/s), mean
stride length of left and right feet (cm), mean cadence of
left and right feet (steps/min), double support phase (%),
swing phase (%), and stride length variability (%).

Medical costs. PD-related direct medical costs were
collected for the 0—6 month and 7-12 month periods,
including pharmaceutical, fall-related injury, rehabilita-
tion, assistive device, home nursing care, and referral
costs.

Statistical analysis

Statistical analyses were performed using SPSS 26.0
(IBM Corp., Armonk, NY, USA). The normality of
continuous variables was assessed using the Shapiro-
Wilk test. Normally distributed continuous variables were
expressed as mean (standard deviation), and between-
group comparisons were performed using independent
samples #-tests; non-normally distributed continuous
variables were expressed as median (interquartile range),
and between-group comparisons were performed using
Mann-Whitney U tests. Categorical variables were
expressed as frequency (percentage), and between-group
comparisons were performed using chi-square tests or
Fisher’s exact tests. For repeated measures data, two-way
repeated measures ANOVA was used; when Mauchlys
test of sphericity was violated, the Greenhouse-Geisser
correction was applied. If a significant interaction effect
between time and treatment was observed, simple effects
analysis was performed with Bonferroni correction for
multiple comparisons.

The percentage change in UPDRS-III scores from

baseline to month 12 was calculated as an indicator of
motor symptom improvement (independent variable),
using the following formula:

UPDRS-III improvement rate (%) = —[(UPDRS-III score
at month 12 — UPDRS-III score at baseline)/UPDRS-IIT
score at baseline] x 100%

Positive values indicated alleviation of motor symptoms,
whereas negative values indicated deterioration. Changes in
gait parameters (dependent variables) were calculated as
the difference between month 12 and baseline values (A).
Given that the distributions of AUPDRS-III improve-
ment rate and gait parameter changes deviated from
normality (Shapiro-Wilk test, p < 0.05), Spearman rank
correlation analysis was used to assess the monotonic
association between these variables, with Spearman’s
correlation coefficient (7;) indicating the strength and
direction of the association. Analyses were first con-
ducted in the overall cohort, and subsequently stratified
by group (standardized management group vs. routine
care group). The significance level was set at a = 0.05
(two-tailed), with p < 0.05 considered statistically signifi-
cant. Graphs were generated using GraphPad Prism 10.1.

Results

A total of 366 patients completed the 12-month study
protocol, comprising 192 in the standardized manage-
ment group and 174 in the routine care group. In the
standardized management group, 8 patients dropped out:
4 were lost to follow-up, 2 relocated, and 2 withdrew to
undergo deep brain stimulation surgery. In the routine care
group, 26 patients dropped out: 14 were lost to follow-up,
6 were referred to hospitals outside the province, and
6 voluntarily withdrew from the study (Figure 1).

Baseline characteristics

Baseline data, including age, sex, body mass index
(BMI), disease duration, H-Y stage in the on state, and
levodopa equivalent daily dose (LEDD), were col-
lected for between-group comparisons. No statistically
significant differences were found in any baseline charac-
teristics (all p > 0.05), indicating that the two groups had
comparable baseline profiles (Table 1).
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Patients assessed for eligibility (n = 460)
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12-month follow-up (» = 192)
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Figure 1: Study flow chart.

Table 1: Comparison of baseline characteristics between the standardized management group and the routine care group

Standardized management Routine care group Statistical value

Variables group (n = 192) (n=174) @itly) p value
Age (year) 63.42 £9.48 65.07 £9.42 -1.675 0.095
Male, n (%) 103 (53.6%) 90 (51.7%)

Female, 7 (%) 89 (46.4%) 84 (48.3%) 0135 0713
BMI (kg/m?) 23.28 £1.36 23.38 £0.80 —0.846° 0.398
Disease duration (year) 5.5(4.5,7.0) 5.5(4.5,6.5) —1.905¢ 0.067
H-Y stage (ON state) 2.5(2.0,2.5) 2.5(2.0,2.5) —0.725¢ 0.469
Total LEDD total (mg) 283.29 + 79.81 272.53 £71.32 1.355 0.176
UPDRS-III 31.06 +5.77 30.44 + 6.26 —0.865¢ 0.387
Walk speed (m/s) 0.93 £0.18 0.90 £0.17 —1.183¢ 0.237
Mean stride length (cm) 91.94 +11.02 92.95+11.38 1.090° 0.276
Mean cadence (steps/min) 108.63 = 10.80 109.29 = 11.00 -0.576* 0.565
Double support (%) 21.33 +£4.06 21.37 £ 4.57 —0.121° 0.904
Swing (%) 3992 +2.10 39.92+2.32 0.220¢ 0.826
Mean stride variability (%) 15.80 £2.91 16.49 £3.57 1.557° 0.119

Note: BMI: body mass index; LEDD: levodopa equivalent daily dose; UPDRS-III: Part Il of the Unified Parkinson’s Disease Rating Scale; Data are expressed as mean + standard
deviation (SD), frequency (percentage), or median (interquartile range) as appropriate; ® independent samples ¢ -test (¢ value); ®: Chi-square test (x? value);  non-parametric
Mann-Whitney U -test (£ valug).
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Comparison of spatiotemporal gait parame-
ters between the two groups

Repeated measures analysis of variance was performed
on spatiotemporal gait parameters at month 6 and month
12 during the treatment period. The results were as follows.

(1) Time effect: except for mean cadence (F'=2.072,
p =0.127), significant time effects were observed for
all remaining parameters. Specifically, mean stride
variability (/' =3.324, p=0.037), swing (F = 13.605,
p <0.001), mean stride length (¥ =13.859, p < 0.001),
Double Support (F = 16.408, p <0.001), and walk speed
(F=24.121, p < 0.001) all changed significantly over
time. In the standardized management group, walk speed,
mean stride length, and swing progressively increased,
whereas double support, mean stride variability, and
mean cadence progressively decreased. Conversely, the
conventional treatment group exhibited opposite or dete-
riorating trends, with walk speed and mean stride length
decreasing, double support, mean stride variability, and
mean cadence increasing, and swing remaining rela-
tively stable over time.

(2) Group effect: significant between-group differences
were found for most parameters, including walk speed
(F=28.160, p=20.05), double support (& =8.309,
p=0.004), swing (F=12.210, p<0.001), mean cadence
(F=14.742, p < 0.001), and mean stride variability
(F=66.461, p < 0.001). However, no significant group
effect was observed for mean stride length (F'=1.584,
p=0.209). Among the significant parameters, mean
stride variability and mean cadence demonstrated the
most pronounced between-group differences. Overall,
the standardized management group exhibited superior
gait performance in most parameters compared with the
conventional treatment group.

(3) Interaction effect: significant interaction effects were
observed for all gait parameters (p < 0.001), indicating a
synergistic relationship between the management model
and time. That is, the magnitude of improvement in
gait parameters in the standardized management group
was significantly greater than that in the conventional
treatment group over time, with particularly favorable
time-dependent gains in walk speed and gait stability as
reflected by mean stride variability (Table 2 and Figure 2).

Comparison of medical costs between the two
groups

Pharmaceutical costs increased more rapidly in
the standardized management group, whereas non-
pharmaceutical costs decreased markedly. In contrast,
non-pharmaceutical costs in the routine care group
remained persistently elevated. Comparison of total
medical costs revealed significant between-group
differences in cost changes at month 6 (Z=-4.907, p <
0.001) and month 12 (Z=-8.447, p < 0.001). Total
costs in the standardized management group increased
gradually, while the routine care group showed a larger
increment, suggesting that the standardized manage-
ment model may be associated with more contained
medical expenditures in patients with PD (Tables 3 and
4, Figure 3).

Correlation between UPDRS-Ill improvement
rate and spatiotemporal gait parameters

Spearman rank correlation analysis was used to assess
the monotonic association between the AUPDRS-III
improvement rate and changes in spatiotemporal gait
parameters (gait speed, stride length, cadence, double
support phase, swing phase, and stride length variability).
In the overall cohort, the UPDRS-III improvement rate
showed the strongest positive correlation with changes
in stride length (»=0.891, p < 0.001), followed by gait
speed (r=0.861, p < 0.001), and a strong negative
correlation with stride length variability (» = —0.760, p <
0.001). A moderate positive correlation was observed
for swing phase (r = 0.564, p <0.001), while cadence (r =
—0.555, p <0.001) and double support phase (r =—0.513,
p <0.001) also showed statistically significant negative
correlations.

Stratified analysis revealed that in the standardized
management group, the UPDRS-III improvement rate
was most closely associated with stride length variability
(r=-0.738, p<0.001), gait speed (R = 0.707, P<0.001),
and stride length (»=0.690, p < 0.001); a moderate
positive correlation was observed for swing phase (r =
0.430, p = 0.012). The associations with double support
phase (r=—-0.396, p = 0.190) and cadence (» =—0.162,
p =0.025) were comparatively weaker.
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Tahle 2: Comparison of clinical scale assessments hetween the two groups

Between-  Donocn-
group di gfr oup
difference rierence F(p) £ ) r (p).
Scale Group Month 0 Month 6 Month 12 at month . Group Interaction
at month 6 12 Time effect offect offect
(between- (between-
gOWL) group p)
Standardized
management  0.93 £0.18 0.95+0.16 097 x£0.15
Walk speed  group 0.053 0.079 24.121 8.160 28.072
(m/s) ) (p=0.005) (»=0.003) (p<0.001) (p=0.05) (p<0.001)
Routinecare 994017 089+£0.18  0.88+0.19
group
Standardized
management 9194+ 11.02 9372+ 11.56 94.71 £11.26
Mean stride  group 1.924 3.593 13.859 1.584 32.966
length (cm) ) (p=0.117) (=0.003) (p<0.001) (»p=0.209) (p<0.001)
Routinecare g g5 4 1138 91.79£11.84 9112+ 11.78
group
Standardized
Mean management 108.63 = 10.80 106.90 £10.64 105.48 £10.45
cadence group —4.575 —7.465 2.072 14.742 24.437
. (p<0.001) (»p<0.001) (p=0.127) (p<0.001) (p<0.001)
(steps/min)  Roytine care
10929 +11.00 11148 £10.66 112.94+10.24
group
Standardized
management 21.33+4.06 2088+4.02 2047 +3.92
Double group -1.375 —2.405 16.408 8.309 19.830
support (%) ) (p=0.002) (p<0.001) (p<0.001) (p=0.004) (p<0.001)
Routinecare 51 374 457 2026+447 22884457
group
Standardized
management 39.92+2.10  40.72+2.16  41.51+221
. rou 0.821 1.525 13.605 12210 18.822
Swing(%)  &roup
] (p<0.001) (p<0.001) (p<0.001) (p=0.001) (p<0.001)
Routinecare 399> 1232 30904215 3998226
group
Standardized
. management  15.80 +2.91 14.63 +3.10 13.62+3.16
Eﬁfgéislfde group 2866 —5451 3324 66461 121.190
o y (p<0.001) (p<0.001) (»p=0.037) (p<0.001) (p<0.001)
(7o) Routine care
1649+357  17.50£4.05  19.07+547

group

Note: Data are expressed as mean + SD for normally distributed continuous variables; independent samples t-test was used for comparisons, with ¢ as the test statistic.

In the routine care group, the UPDRS-III improvement
rate showed the strongest positive correlation with
stride length (»=0.636, p <0.001), a strong negative
correlation with stride length variability (r =—0.587, p <
0.001), and a moderate positive correlation with gait
speed (r=0.541, p <0.001). Of note, cadence showed
a moderate negative correlation with the UPDRS-III
improvement rate in this group (» =—-0.496, p = 0.037),
with an absolute value larger than that observed in the
standardized management group (r=—0.162). Swing

phase also showed a moderate positive correlation (r =
0.429, p = 0.013), whereas the association with double
support phase did not reach statistical significance (r =
—0.290, p = 0.101) (Table 5 and Figure 4).

Discussion

PD is the second most common neurodegenerative disor-
der worldwide, characterized by the interplay between
motor dysfunction and non-motor symptoms. As the
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Figure 2: Comparison of temporal trends in spatiotemporal gait parameters between the two groups.

(a) Gait speed; (b) Mean stride length; (c) Cadence; (d) Double support phase; (e) Swing phase; (f) Stride length variability. Blue circles represent the standardized management group;

red circles represent the routine care group. Error bars represent mean + SD.

Table 3: Comparison of medical costs hetween the two groups

Standardized management group

Routine care group

Cost category

Month 0 Month 6 Month 12 Month 0 Month 6 Month 12
Medication 72.00 162.00 291.00 57.00 132.85 263.00
costs (CNY) (48.00, 88.00) (132.00, 482.50)  (162.00, 762.00) (48.00, 72.00) (132.00, 263.00)  (162.00, 762.00)
Non-medication 321.50 241.00 199.50 287.00 275.50 282.00

costs (CNY) (232.70, 494.75)  (164.00, 352.25)
Total medical 396.50 485.15
costs (CNY) (300.15,596.00) (310.25,852.00)

(128.25, 303.25)

532.50
(321.00,958.27)

(244.00,342.25)  (234.00, 331.00)  (237.00, 334.75)

344.50
(301.00,408.75)

461.00
(388.25,514.50)

553.00
(473.00,1017.75)

Note: Data are expressed as median (interquartile range).

disease progresses, motor symptoms exhibit marked
fluctuations, with the incidence of wearing-off phe-
nomena, on-off phenomena, and dyskinesia gradually
increasing, leading to progressive impairment of activi-
ties of daily living and significant decline in quality of
life. Disease progression involves multiple systems, sub-
stantially increasing the treatment costs of dopaminergic
medications while intensifying the economic burden
of rehabilitation interventions and long-term family
care, thereby creating a dual challenge for healthcare

resource consumption and social support systems!* "%,

Clinical assessment of PD has long relied on subjective
tools such as the UPDRS, which, although capable of
reflecting overall motor function, lacks sensitivity to
subtle gait changes and is susceptible to interference
from examiner experience and the patient’s immediate
condition®”. Studies have demonstrated that real-world
digital mobility outcome measures (including gait
speed, cadence, and activity intensity) exhibit higher
validity than traditional UPDRS-based assessments,
better reflecting patients’ actual mobility capacity and

disease progression®'*?, In recent years, gait analysis



Translational Neurology and Neurosurgery

Table 4: Comparison of total medical costs between the two
groups

Total medical costs (CNY)

Group Change from Change from
baseline at month 6  baseline at month 12

Standardized 26.50 52.80

management group (—=10.75, 166.00) (12.37, 348.15)

Routine care group 54.00 236.50
(39.75, 194.00) (100.50, 644.00)

Z value —4.907 —8.447

p value < 0.001 < 0.001

Note: Data are expressed as median (interquartile range). Between-group comparisons
were performed using the Mann-Whitney U test.

10005 == Standardized management group
—~ == Routine care group
7 8007 T
<
-
§ 600 -
3
= 400
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Figure 3: Bar chart comparing total medical costs between the two
groups.

technology based on IMUs has not only enabled objec-
tive quantification of functional activity levels but also
holds unique clinical value due to its alignment with
daily mobility capabilities™ 2"

In this study, IMU sensors were applied synchronously
during the standardized TUG test, with assessments
conducted during the medication “ON” state, during
which patients’ motor function most closely approxi-
mates their real-world post-medication performance. At
the full-cohort level, the UPDRS-III improvement rate
showed strong positive correlations with stride length
(r=0.891) and gait speed (»=0.861), and a negative
correlation with stride length variability (»=—0.760).
The bradykinesia and freezing of gait resulting from
dopaminergic neurodegeneration manifest core features
including shortened stride length, decreased gait speed,
and irregular gait rhythm, all of which can be concurrently

Table 5: Spearman rank correlation analysis between the
improvement rate of UPDRS-IIl scores and changes in gait
parameters

Gait Overall rsntZEg;?rirllZei? Routine care
parameter (n =366) group(n = 192) group (n = 174)
Walk speed r=10.861 r=10.707 r=0.541
(m/s) (»<0.001) (p<0.001) (p <0.001)
Stride length r=0.891 r=0.690 r=10.636
(cm) (p <0.001)  (p<0.001) (p < 0.001)
Cadence r=-—0.555 r=-0.162 r=-0.496
(steps/min) (p<0.001) (p=0.025) (p=10.037)
Double r=-0.513 r=-0.396 r=-0.290
support (%) (»<0.001) (p=0.190) (»=0.101)
Swing (%) r=0.564 r=0.430 r=0.429
g% (p<0.001) (p=0.012) (P=0.013)
Stride varia-  »=-0.760 r=-0.738 r=-0.587
bility (%) (» <0.001) (p <0.001) (p < 0.001)

Note: Data in the table are presented as correlation coefficients () with corresponding
p values in parentheses. Spearman rank correlation analysis was performed. The
improvement rate of UPDRS-Ill scores (%) was calculated as —[(score at month
12 — baseline score) / baseline score] x 100% and served as the independent variable.
Changes in gait parameters were calculated as (value at month 12 — baseline value) and
served as the dependent variables.

ameliorated by effective therapeutic interventions. How-
ever, stratified analysis revealed significant differences in
the strength of associations between the two groups.
In the standardized management group, the absolute
values of correlation coefficients for gait speed, stride
length, and stride length variability were significantly
higher than those in the conventional treatment group,
suggesting that under this model, the alleviation of motor
symptoms was concurrently translated into improve-
ments in gait quality and stability. This benefit arises
from the synergistic effects of multidisciplinary interven-
tion: unified training from the provincial center ensures
standardized implementation of task-oriented exercise
prescriptions, remote medication titration reduces the
interference of wearing-off fluctuations on gait rhythm,
and continuous rehabilitation supervision promotes
functional neuroplasticity. In contrast, the moderate
negative correlation between cadence and UPDRS-III
improvement rate in the conventional treatment group
may reflect a festination-like compensatory pattern,
wherein patients are compelled to increase cadence to
maintain mobility when stride length cannot be effec-
tively increased. Notably, cadence measurements in



Translational Neurology and Neurosurgery

(2) (b) ()
0.08+ ~ 87 2.5
e r=0.7065 g r=0.6892 :
§ p <0.0001 = 64 p<0.0001 ;
g 0.04+ § m :'E 0.0
2 ) o=
@ = =
= T, s
= @« 9
£ 0.004 o 2 2.5
< S o4 &
= Z r=-0.7379
< p <0.0001
-0.04 T T T T 1 -2 T T T T 1 -5.0 T T T T 1
—04 0.2 0.0 0.2 0.4 0.6 —04 0.2 0.0 0.2 0.4 0.6 —0.4 0.2 0.0 0.2 0.4 0.6
AUPDRS-III improvement rate (%) AUPDRS-III improvement rate (%) AUPDRS-III improvement rate (%)
(@) 4,101 (€) 4- ® 15-
0107 _ 05407 gz 47 r=0.6364 15
= P <0.0001 < p <0.0001 =
E0.05 =) z 10
3 5" z
o o =2
2 0.00 2 £ 5
= & >
= Z 4 2
Z —0.05 H T -
< = @7 r=-0.5873
& < p <0.0001
-0.10 1 T T 1 -8 T T T 1 -5 T T T 1
-0.4 -0.2 0.0 0.2 0.4 -0.4 -0.2 0.0 0.2 0.4 -0.4 -0.2 0.0 0.2 0.4

AUPDRS-III improvement rate (%)

AUPDRS-III improvement rate (%)

AUPDRS-III improvement rate (%)

Figure 4: Scatter plots illustrating the relationship between the improvement rate of UPDRS-IIl scores and changes in gait parameters in the two

groups.

Panels (a)—(c) represent the standardized management group; panels (d)—(f) represent the routine care group. The x-axis represents the improvement rate of UPDRS-IIl scores (%).
The y-axis represents changes in gait speed (m/s) in panels (a) and (d), stride length (cm) in panels (b) and (e), and stride length variability (%) in panels (c) and (f), respectively. Blue
scatter points indicate the standardized management group, and red scatter points indicate the routine care group. Solid lines represent linear fitted trend lines, and shaded gray
areas represent the 95% confidence intervals. Spearman rank correlation analysis was applied.

clinical settings may be confounded by the structured
nature of the testing environment. Previous studies have
indicated significant differences in the modifiability of
gait speed between clinical and free-living environments
in PD patients™. The flat, quiet, and obstacle-free hos-
pital testing conditions reduce the demand for cadence
modulation. Although the TUG test in this study simu-
lated basic daily mobility, it could not fully replicate the
complexity of real-world environments, resulting in
insufficient manifestation of compensatory cadence
changes.

The multidisciplinary integrated management model in
this study shares core elements with the European inpa-
tient PD multimodal comprehensive therapy (PD-MCT)
approach. Single-center studies have confirmed that
inpatient multidisciplinary care significantly improves
IMU gait parameters, overall motor function, and quality
of life in PD patients, with good concordance between
objective indicators and subjective scale improve-
ments®*%, Ziegler et al.”! further demonstrated that
the beneficial effects of inpatient PD-MCT on activities
of daily living can persist for up to 3 months post-
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discharge, contingent upon patients’ sustained adherence to
training protocols. However, existing inpatient rehabilitation
studies are generally limited by small sample sizes, short
follow-up periods, and lack of cost data. The regional
specialist alliance model in this study is based on
outpatient and remote management, substantially
lowering implementation barriers while maintaining
intervention intensity, thereby providing a scalable
alternative for chronic PD management in resource-
limited settings.

From a health economic perspective, the standardized
management group exhibited a 34.8% reduction in the
increment of total medical costs compared with the
conventional treatment group, a difference primarily
driven by decreased non-medication costs (fall-related
injuries, rehabilitation, and referral expenses). Enhanced
gait stability represents the key mechanism underlying
cost containment. In this study, the reduction in
double support phase and stride length variability in
the standardized management group directly reflected
improved gait stability, thereby reducing fall events and
associated medical expenditures.



Limitations

First, IMU gait data were collected under standardized
TUG conditions, which, while ensuring comparability,
may not fully capture patients’ gait adaptability in real-
world complex environments. Future studies should
incorporate wearable devices for long-term monitoring
in free-living conditions to bridge the gap between
“clinical performance” and “real-world capability”.
Second, cadence measurements in clinical settings may
be confounded by the structured characteristics of the
environment, and its predictive value in real-world
settings warrants further validation. Third, the 12-month
follow-up period represents a moderate duration; the
long-term evolution of gait parameters and cost trajecto-
ries require further observation.

Conclusion

In summary, the standardized PD management model
based on a regional specialist alliance significantly
improved gait stability and motor efficiency during
the medication “ON” state through the integration of
objective IMU gait monitoring and multidisciplinary
structured intervention. The strong associations between
gait speed, stride length, and stride length variability with
the UPDRS-III improvement rate validate the sensitivity
of these parameters as therapeutic efficacy indicators.
Meanwhile, the differential cadence association patterns
between the two groups reveal the regulatory role of
management models in the efficiency of “symptom-to-
function” translation. Grounded in outpatient and remote
management, this model achieves cost optimization
while maintaining clinical efficacy, offering a practical
reference for the precision and sustainability of chronic
PD management.
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