CNS Neuroscience & Therapeutics WI L EY

CN'S Neuroscience & Therapeutics

| oRIGINAL ARTICLE CEIEED

Nonmotor Symptom Changes and Their Association With
Falls Among Parkinson's Disease Patients Undergoing Deep
Brain Stimulation: A 1-Year Cohort Study

Ying Gao'2 2 | Hui You!? | Jue Wang!*© | Mengsi Yao® | Dianyou Li* @ | Bomin Sun?® | Linbin Wang3*© |
Xijan Qiul-%3

!Department of Nursing, Ruijin Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai, China | 2School of Nursing, Shanghai Jiao Tong
University School of Medicine, Shanghai, China | *Department of Neurosurgery, Ruijin Hospital, Shanghai Jiao Tong University School of Medicine,
Shanghai, China | *Department of Psychiatry, University of Cambridge, Cambridge, UK

Correspondence: Linbin Wang (20110850026 @fudan.edu.cn) | Xian Qiu (qx21605@rjh.com.cn)
Received: 17 October 2024 | Revised: 8 February 2025 | Accepted: 18 February 2025

Funding: This study was supported by the 2021 Shanghai Hospital Development Center Fund (SHDC-12021625), the Nursing Development Program
of Shanghai Jiao Tong University School of Medicine (SJTUHLXK2022), 2024 Shanghai Ruijin Hospital Nursing Research Fund (RTHK-2024-001), and
Shanghai Nursing Association Funding (2024MS-B13).

Keywords: deep brain stimulation | falls | generalized estimating equations | nonmotor symptoms | Parkinson's disease

ABSTRACT

Objectives: Fall severely affects the quality of life of Parkinson's disease (PD) patients. Subthalamic nucleus (STN) deep brain
stimulation (DBS) is an effective treatment for PD motor symptoms (MS), but DBS increased the risk of falls in some studies
and has mixed effects on nonmotor symptoms (NMS). However, the link between NMS and falls, and how DBS influences this
relationship, remain unclear. This study investigated changes in NMS and falls before and after STN-DBS, and the longitudinal
association between NMS and falls.

Methods: The study included 136 PD patients undergoing STN-DBS between April 2020 and February 2022. Data were collected
preoperatively, at 6 months, and at 12months postoperatively. Assessments included MS via the Unified Parkinson's Disease
Rating Scale-IIT (UPDRS-III) and NMS via the Nonmotor Symptoms Scale (NMSS). We used the Friedman and chi-square tests
to assess changes in NMS and falls. Specific circumstances of falls were assessed through structured interviews. Generalized
estimating equations (GEE) were used to explore the longitudinal associations between NMS and fall occurrence, as well as the
interaction effects between MS and NMS on fall occurrence.

Results: Significant improvements (p <0.01) were observed in all NMSS domains except gastrointestinal, with no change in
fall occurrence. However, there were significant changes in both the locations where falls occurred and whether freezing of gait
was present among falling patients (p <0.01). GEE analysis revealed significant associations between falls and mood/cognition
(p=0.044), gastrointestinal (p=0.027), and urinary symptoms (p=0.007), as well as interactions between motor and these NMS
domains (p <0.05).

Conclusions: NMS, particularly mood/cognition, gastrointestinal, and urinary symptoms, and their interactions with MS, are
associated with falls, underscoring the need for targeted fall prevention strategies.
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1 | Introduction

Parkinson's disease (PD) is the second most common neurode-
generative disorder, characterized by the degeneration of do-
paminergic neurons in the substantia nigra [1, 2]. It presents
with motor symptoms (MS) such as tremors, rigidity, brady-
kinesia, and postural instability, as well as nonmotor symp-
toms (NMS) such as mood disorders, cognitive disability, sleep
disturbances, and urinary issues [3, 4]. PD affects 1-2 individ-
uals per 1000 people globally [5], and its prevalence is rising
with the aging population [6]. By 2030, China alone could have
4.94million PD patients, making up over half of the global PD
population [7].

Falls are a significant concern for PD patients, substantially re-
ducing their quality of life. Each year, 60.5% of PD patients expe-
rience falls, and among them, two-thirds suffer from recurrent
falls—a rate twice that of the general elderly population [8-10].
Frequent falls result in elevated rates of injury and disability.
In a study of over 1000 PD patients, 65% had injuries from falls,
and 33% suffered fractures [11], placing a heavy burden on
families and healthcare systems. The variability in fall situa-
tions complicates prevention, highlighting the need for tailored
interventions.

PD results from a complex interplay of MS, NMS, medication ef-
fects, and environmental factors [12]. While motor impairments
such as postural instability and gait disturbances are well-
established contributors to falls, emerging evidence underscores
the critical role of NMS. Orthostatic hypotension, mood distur-
bances (e.g., anxiety, depression), and cognitive deficits (e.g., im-
paired attention, executive dysfunction) have been increasingly
recognized as independent risk factors for falls in PD [13, 14].
Despite this, the mechanistic relationship between NMS and
falls—particularly in the context of therapeutic interventions
like subthalamic nucleus deep brain stimulation (STN-DBS)—
remains poorly understood.

STN-DBS is a cornerstone surgical therapy for advanced
PD, offering robust improvements in MS and reducing do-
paminergic medication burden [15, 16]. However, its ef-
fects on falls are paradoxical: while motor function may
improve, studies report an increased risk of falls post-DBS,
potentially linked to residual gait instability or stimulation-
induced side effects [17]. Furthermore, the impact of DBS
on NMS is inconsistent, with evidence suggesting both im-
provements (e.g., sleep) and worsening (e.g., apathy, cogni-
tive decline) across domains [18-21]. Critically, no study has
systematically examined whether longitudinal changes in
NMS after DBS mediate the observed increase in fall risk,
leaving a pivotal gap in understanding how to optimize post-
surgical outcomes [22].

To address this gap, we enrolled 277 PD patients
undergoing STN-DBS and assessed their falls and NMS before
surgery, as well as at 6 and 12 months postoperatively. We lev-
eraged mixed quantitative and qualitative methods and data-
driven analysis, aiming to: (1) investigate changes in NMS and
falls before and after STN-DBS, and (2) explore the longitudi-
nal association between NMS and fall risk across the study
period.

2 | Materials and Methods
2.1 | Patients and Study Design

This cohort study focuses on 277 PD patients who underwent
STN-DBS. Patients were recruited from April 2020 to February
2022 at the Department of Functional Neurosurgery, Ruijin
Hospital, Shanghai, China. A total of 136 patients who met in-
clusion criteria and completed 6- and 12-month follow-ups were
included. A total of 144 patients were excluded due to incomplete
follow-up or partially missing follow-up data, ensuring the in-
tegrity and completeness of the final dataset.

Inclusion criteria were: (1) PD diagnosis, (2) undergoing STN-
DBS treatment, and (3) age >18years. Exclusion criteria were:
(1) conditions deemed by neurologists to hinder follow-up (e.g.,
cognitive impairment, organic neurological disorders, commu-
nication difficulties), (2) drug abuse, (3) surgical complications
above grade I [23], and (4) incomplete data.

Data collection involved clinical assessments and questionnaire
surveys conducted preoperatively, as well as at 6 and 12 months
postoperatively. The study has been approved by the Ethics
Committee of Ruijin Hospital (Ruijin Hospital Ethics Committee
[2023] No. 122).

2.2 | Outcome Measures

NMS were evaluated using the Nonmotor Symptoms Scale
(NMSS), covering nine domains including cardiovascular,
sleep/fatigue, mood/cognition, perceptual problems/hallucina-
tions, attention/memory, gastrointestinal, urinary, sexual, and
miscellaneous symptoms. Items were rated based on frequency
(1-4) and severity (0-3), with higher scores indicating greater
severity. The NMSS has demonstrated strong internal consis-
tency (Cronbach's alpha: 0.89) [24]. MS were assessed using the
Unified Parkinson's Disease Rating Scale Part IIT (UPDRS-III),
with scores ranging from 0 to 108; higher scores indicate more
severe symptoms [25].

A fall was characterized as any incident involving a slip, trip,
or loss of balance that resulted in the participant making unin-
tended land with the floor, ground, or a lower surface [26, 27].
We developed a structured interview instrument for fall risk as-
sessment and fall classification according to a previous review
[28] and suggestions from experts specializing in neurology. The
interview was structured based on a list of simple questions to
elicit information concerning the presence of a fall and details
about the fall. Particularly, falls were self-reported as a binary
variable: 1 for a fall in the past month, and 0 for no falls. The PD
patient fall questionnaire and additional information including
fall frequency, fall location, and so on were recorded and are de-
tailed in Supporting Information.

Sociodemographic and disease-related factors known to in-
fluence PD were controlled. These factors included age (<60
or >60years), gender, residence (Rural or Urban), education
level (Junior high school and below, High school, or Associate
degree and above), disease duration, MS assessed by the
UPDRS-III, Hoehn-Yahr (H-Y) stage, PD subtypes (PIGD, TD,
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or Intermediate), comorbidities, levodopa equivalent daily dose
(LEDD) [29], body mass index (BMI), and hemoglobin (Hb).

NMS, LEDD, and falls were assessed presurgery and at 6 and
12months postsurgery. All information was collected or evalu-
ated in the medication-off state.

2.3 | Data Analysis

All statistical analyses were performed using IBM SPSS ver-
sion 22.0, with a significance level set at 0.05. The normality
of data distribution was assessed using the Shapiro-Wilk test.
Continuous variables were presented as mean (standard devia-
tion, SD) or median (interquartile range, IQR), while categorical
variables were expressed as frequencies (%). Differences in fall
occurrence and NMSS scores across stages were evaluated using
the chi-square test and Friedman test, respectively. Violin plots
were also displayed for clearer visualization. Post hoc compari-
sons were adjusted using the Bonferroni correction method.

We performed subgroup analyses to explore differences be-
tween falling and nonfalling patients at baseline, 6 months, and
12months postoperatively, as well as subgroup comparisons
between postoperative fallers and nonfallers. Categorical vari-
ables were analyzed using the chi-square test, while continuous
variables were assessed using the Mann-Whitney U test or the
independent samples ¢-test.

Generalized estimating equations (GEEs) were used to analyze
the longitudinal associations between NMS and fall occurrence,
as well as the interaction effects between MS and NMS on fall
occurrence. The models were adjusted for time-constant, time-
varying, and time-fixed covariates [30]. The dependent vari-
able was fall occurrence, assessed at baseline, 6-month, and
12-month follow-ups. Main factors included demographic data,

disease duration, UPDRS-III, H-Y stage, PD subtype, LEDD,
hemoglobin, and NMSS, with interaction effects focusing on
UPDRS III and various NMSS domains.

3 | Results

3.1 | Demographic and Disease-Related
Information

A total of 136 patients diagnosed with PD were enrolled in
this study. The average age of the participants was 62.8years
(SD=9.5). Among them, 80 individuals (58.8%) were male.
Besides, the median disease duration was 8.0years (IQR=5.0),
with a median LEDD of 700.0 mg per day (IQR =426.0). The av-
erage UPDRS-III score was 57.8 (SD =13.2). Other demographic
and disease information is shown in Table S1.

3.2 | Changes in Fall Occurrence
and Nonmotor Symptoms

Preoperatively, 33 patients (24.3%) experienced falls in the past
month, while 27 (19.9%) experienced falls at the 6-month and
27 (19.9%) at the 12-month follow-ups. There was no significant
change when comparing preoperative and postoperative states
(¥*=1.052, p=0.641) (Figure 1). Of the 33 patients who fell be-
fore surgery, 19 (57.6%) did not fall after STN-DBS. Conversely,
among the 103 patients who did not fall before surgery, 26
(25.2%) experienced falls post-surgery.

Significant differences were observed in the fall locations and
the presence of freezing of gait between baseline and follow-up
visits. Before STN-DBS, falls were relatively balanced between
indoor, outdoor, and both locations (21.4%, 42.9%, and 35.7%,
respectively), while the majority of falls occurred indoors
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FIGURE1 | Changesin (A) fall variation, (B) fall locations, and (C) freezing of gait between baseline, 6-month follow-up, and 12-month follow-

up. **means p <0.01.
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postoperatively, accounting for 85.8% at 6 months (p =0.002) and
77.3% at 12months (p=0.001). The presence of freezing of gait
in falling patients also showed significant changes (p=0.003).
Preoperatively, 57.1% of falling patients had freezing of gait,
while at 12months, only 9.1% exhibited freezing of gait. Further
details on the circumstances of falls are presented in Table S2
and Figure S1.

We compared NMSS scores across nine domains between
baseline and follow-up visits to evaluate the impact of STN-
DBS on NMS. The results revealed significant improvement in
total NMSS scores at 6- and 12-month follow-ups compared to
preoperative states (Table 1). All NMSS domains significantly
improved with the exception of the gastrointestinal domain
(Figure 2).

3.3 | Subgroup Analysis of Fallers and Nonfallers
Post Surgery

We performed subgroup analyses to investigate differences
between falling and nonfalling patients at baseline, 6 months,
and 12months postoperatively (Table 2). At baseline, only
the urinary domain showed a significant difference between
the two groups. At 6 months postoperatively, no significant
differences were found in NMSS domains. By 12 months, sig-
nificant differences emerged in the sleep/fatigue, attention/
memory, gastrointestinal, and urinary domains, as well as in
the total NMSS score, with the falling group having higher

scores. Additionally, significant differences between the fall-
ing and nonfalling groups were found in residence, education,
and LEDD by 12 months.

To identify latent predictors of falls after STN-DBS, we also per-
formed a subgroup analysis comparing postoperative fallers and
nonfallers. The faller group included patients who experienced
at least one fall during follow-up, while the nonfaller group con-
sisted of those without any falls post-STN-DBS. Significant dif-
ferences were found in age, residence, education, and baseline
urinary NMSS domain (Table 3).

3.4 | Nonmotor Symptoms Associated With Falls

Univariate GEE analysis revealed statistically significant differ-
ences in age, education, disease duration, H-Y staging, LEDD,
anemia status, and NMSS domains 1-7 (p <0.05) (Table S3). The
variables selected from the univariate GEE analysis, UPDRS-
III score, and subtype were then used as independent variables,
while fall occurrence was used as the dependent variable in a
multivariate GEE analysis (Table 4). The results showed that as-
sociate degree and above (Wald y>=11.200, p=0.001), disease
duration (Wald y>=4.512, p=0.034), without anemia (Wald
x?=17.667, p=0.006), milder mood/cognition symptoms (Wald
x?=4.063, p=0.044), more severe gastrointestinal symptoms
(Wald x*>=4.893, p=0.027), and more severe urinary symp-
toms (Wald y*=7.286, p=0.007) correlated with the occurrence
of falls.

TABLE1 | Longitudinal changes in NMSS scores preoperatively, 6 months postoperatively, and 12 months postoperatively in PD patients.

Maximum 6-month 12-month
score Baseline follow-up follow-up z 14
NMSS domains
NMSS total score 360.0 52.9 (43.3) 23.2(22.7) 23.5(21.7) 83.732 <0.001
NMSS domain 1: 24.0 1.0 (2.1) 0.5(1.2) 0.6 (1.7) 12.604 0.002
Cardiovascular
NMSS domain 2: Sleep/ 48.0 13.1 (11.8) 4.1(6.1) 4.2(5.4) 91.515 <0.001
fatigue
NMSS domain 3: Mood/ 72.0 9.8 (12.8) 4.2 (8.6) 4.2(8.2) 46.248 <0.001
cognition
NMSS domain 4: Perceptual 36.0 1.2 (3.0) 0.4(1.7) 0.3(1.3) 31.829 <0.001
problems/hallucinations
NMSS domain 5: Attention/ 36.0 4.0 (5.6) 1.8(2.8) 1.4 (2.6) 37.132 <0.001
memory
NMSS domain 6: 36.0 7.1(6.8) 6.0 (6.0) 6.7 (6.5) 4.552 0.101
Gastrointestinal
NMSS domain 7: Urinary 36.0 6.3(8.5) 1.9 (5.5) 1.5(2.8) 83.883 <0.001
NMSS domain 8: Sexual 24.0 1.5(4.4) 0.6 (2.4) 0.5(2.3) 18.242 <0.001
function
NMSS domain 9: 48.0 8.8(9.3) 3.8(5.6) 3.9(5.8) 56.043 <0.001
Miscellaneous

Note: Data are presented as mean (SD) due to the ambiguity associated with median (IQR) in this case. Friedman test was used to compare the longitudinal changes.

Bold values mean p <0.05.
Abbreviation: NMSS, Nonmotor symptoms scale.
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FIGURE 2 | Violin plots displaying post hoc analysis results for NMSS scores in PD patients preoperatively, 6 months postoperatively, and

12months postoperatively. **means p’ <0.01, ***means p’ <0.001, and ****means p’ <0.0001.

Additionally, the interaction effect of MS with mood/cognition
symptoms (Wald y?>=4.061, p=0.044) positively correlated with
the occurrence of falls; the interaction effect of MS with gastro-
intestinal symptoms (Wald x?>=4.089, p=0.043) and urinary
symptoms (Wald y?=4.557, p=0.033) negatively correlated with
the occurrence of falls.

4 | Discussion

The study on 136 PD patients undergoing STN-DBS revealed
that preoperative falls occurred in 24.3%, slightly decreasing
to 19.9% postoperatively. Indoor falls increased, and freezing
of gait decreased significantly over the 12-month postoperative
period. Postoperative fallers had more severe NMS and differed
significantly in age, residence, and education. Univariate and
multivariate analyses identified significant fall predictors, in-
cluding higher education, longer disease duration, the absence
of anemia, and specific NMS domains (mood/cognition, gas-
trointestinal, and urinary symptoms). Interaction effects of MS
with mood/cognition, gastrointestinal, and urinary symptoms
were also correlated with falls.

A systematic review of 22 studies found that 60.5% (35%-90%) of
PD patients experienced falls [9]. Our study observed fall rates
of 24.3% before STN-DBS, 19.9% after, and 43.4% with combined
data. Although no significant difference in fall rates before
and after STN-DBS was noted, a downward trend was noted.
A study of 331 PD patients similarly reported fall improvement
in about one-third of patients post-STN-DBS, particularly those
with more severe symptoms, while those with milder symp-
toms remained stable or worsened [31]. Another retrospective
study observed an increase in falls over time post-STN-DBS
[22]. These mixed findings require further clarification of the
details regarding falls. In this case, we included mixed-methods
studies that combine quantitative and qualitative approaches
to illustrate changes in falls within a socio-ecological scenario.
While the overall fall rate did not decrease, falls occurred more

frequently indoors postoperatively. This shift may result from
increased indoor walking and falls among patients with lower
daily activity or a reduction in outdoor falls among those with
milder symptoms, or both. Additionally, freezing of gait, a major
contributor to falls [32], improved significantly at 12months.
However, the causes of falls in the real world are far more com-
plex. Considering the finding in this study that falls did not im-
prove, we speculate that changes in the freezing of gait can only
partially explain the changes in falls, and other factors, such as
NMS, may also contribute to the incidence of falls.

This study indicated that all NMSS domains, excluding gastro-
intestinal symptoms, showed significant improvement after the
STN-DBS surgery compared to the baseline, similar to findings
in our previous study, with potential reasons analyzed [21] and
aligned with previous studies [33, 34]. However, a prior study
by Arai et al. [35] concluded a long-term improvement in PD
patients' gastric emptying dysfunction, which is a key gastro-
intestinal symptom in PD. These conflicting findings suggest
ongoing debate regarding the effects of STN-DBS on gastrointes-
tinal symptoms. A possible explanation for this discrepancy is
that gastrointestinal dysfunction in PD is influenced not only by
central nervous system (CNS) pathology but also by disturbances
in the autonomic nervous system (ANS) and enteric nervous
system (ENS). While STN-DBS primarily modulates the basal
ganglia-thalamocortical circuits, its effects on the ANS—par-
ticularly in regulating the complex neural networks governing
gastrointestinal motility—may be limited [36]. The ENS, often
referred to as the “second brain” operates semi-independently of
the CNS, and its dysfunction in PD may not be directly affected
by STN-DBS.

Additionally, the presence of peripheral neurodegeneration may
contribute to the persistence of gastrointestinal symptoms de-
spite improvements in other NMS domains. Although many
nonmotor symptoms (NMS) in PD involve autonomic dysfunc-
tion—including cardiovascular, urinary, and thermoregulatory
symptoms—these functions may be more directly linked to
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TABLE 3 | Comparison of baseline NMSS scores and disease information between postoperative falling and nonfalling PD patients.

Postoperative nonfalling Postoperative falling
group (N=96) group (N=40) X2zt p. adjust
Age
Age <60 35 (36.5) 6 (15.0) 6.174 0.0142
Age >60 61 (63.5) 34(85.0)
Gender
Male 56 (58.3) 24 (60.0) 0.032 0.857%
Female 40 (41.7) 16 (40.0)
Residence
Rural areas 25(26.0) 1(2.5) 10.120 0.001%
Urban areas 71 (74.0) 39(97.5)
Education
Junior high school and below 51 (53.1) 10 (25.0) 9.534 0.0272
High school 23 (24.0) 13 (32.5)
Associate degree and above 22(22.9) 17 (42.5)
Disease duration, year 8.0 (4.8) 8.5(7.5) -1.097 0.273b
UPDRS-III 57.3(13.4) 59.0 (12.8) 0.672 0.503¢
H-Y
2.0 15 (15.6) 2(5.0) 6.167 0.6242
2.5 34(35.4) 10 (25.0)
3.0 38 (39.6) 21 (52.5)
4.0 9(9.4) 7(17.5)
Subtype
PIGD 58 (60.4) 27 (67.5) 1.234 >0.999%
TD 28(29.2) 8 (20.0)
Intermediate 10 (10.4) 5(12.5)
With comorbidity
No 74 (77.1) 26 (65.0) 2.118 0.200?
Yes 22(22.9) 14(35.0)
LEDD,, .., mg/day 675.0 (434.4) 787.5 (474.5) ~1.854 0.064°
BMI, kg/m?
BMI <18.5 5(5.2) 3(7.5) 2.585 0.879%
18.5<BMI<24.0 43 (44.8) 23(57.5)
BMI >24.0 48 (50.0) 14 (35.0)
Hb, g/L
Anemic 1(1.0) 3(7.5) 4.126 0.0763
Not anemic 95 (99.0) 37(92.5)
NMSS domains, ;..
NMSS total score,, ;. . 51.9 (43.7) 55.2 (43.0) -0.597 0.550°

(Continues)
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TABLE 3 | (Continued)
Postoperative nonfalling Postoperative falling
group (N=96) group (N=40) X2zt p. adjust
NMSS domain 1,, ;.. 1.2(2.2) 0.8 (1.5) ~0.141 0.888"
Cardiovascular
NMSS domain 2, ;... Sleep/ 13.0 (11.8) 13.4 (11.7) -0.251 0.802°
fatigue
NMSS domain 3, .: Mood/ 10.1 (13.9) 9.0 (9.9) ~0.079 0.937°
cognition
NMSS domain 4, ;;..: Perceptual 1.3(3.1) 1.1(2.7) —0.966 0.334b
problems/hallucinations
NMSS domain 5, ;..: Attention/ 4.0 (5.7) 4.0(5.4) —0.360 0.719°
memory
NMSS domain 6, .: 6.4(5.9) 8.7(8.4) -1.103 0.270P
Gastrointestinal
NMSS domain 7, ,;..: Urinary 5.4 (7.7) 8.5(10.1) -1.978 0.048
NMSS domain 8, . :Sexual 1.8 (4.8) 0.9 (3.4 —1.288 0.198b
function
NMSS domain 9, : 8.7 (8.8) 9.0 (10.6) ~0.408 0.683"
Miscellaneous

Note: Postoperative falling group: At least one fall occurred during the two postoperative visits; Postoperative nonfalling group: No fall occurred during the two
follow-up visits. All the information was collected during “off” conditions of patients. Data are presented as mean (SD) or median (IQR) for continuous variables
and number (%) for categorical variables. NMSS data are presented as mean (SD) due to the ambiguity associated with median (IQR) in this case. Bold values mean

adjusted p <0.05 (Bonferroni correction).

Abbreviations: BMI, body mass index; Hb, hemoglobin; H-Y stage, Hoehn-Yahr stage; LEDD, levodopa equivalent daily doses; NMSS, nonmotor symptoms scale;
PIGD, postural instability/gait difficulty subtype; TD, tremor-dominant subtype; UPDRS-III, unified Parkinson's disease rating scale part III.

aChi-square test.
bMann-Whitney U test.
‘Independent samples ¢-test.

central autonomic control centers within the brainstem and di-
encephalon, areas that might be secondarily modulated by STN-
DBS. For instance, prior studies have reported improvements in
autonomic-related symptoms such as orthostatic hypotension
and urinary dysfunction post-DBS, possibly due to changes in
dopaminergic and nondopaminergic pathways involved in au-
tonomic regulation [37]. In contrast, gastrointestinal function is
regulated by a broader network that extends beyond central cir-
cuits to the peripheral nervous system, making it less responsive
to STN-DBS intervention.

While STN-DBS effectively improves multiple nonmotor symp-
toms, its impact on falls remains complex. Mechanistically,
STN-DBS has been shown to enhance dynamic balance but
impair postural control, including quiet stance, reactive, and
anticipatory postural adjustments [37]. Some studies have re-
ported an increased incidence of falls following surgery, and
others suggest that DBS itself may contribute to fall occurrences
[17, 38, 39]. Our findings are consistent with these observa-
tions, indicating that although STN-DBS significantly improves
most NMS domains, it does not provide a clear benefit for fall
reduction.

Falls in PD result from a multifaceted interplay of risk factors,
influenced by STN-DBS, which complicates fall prediction and
prevention, increasing the complexity of fall prediction and pre-
vention. We aimed to identify fall risk factors through subgroup
analysis comparing nonfalling and falling groups. Our study

observed differences in urinary function at baseline, and in res-
idence at 6 months, as well as in residence, education, sleep/fa-
tigue, attention/memory, gastrointestinal, and urinary domains,
and total NMSS score at 12months. Moreover, we found that
postoperative falls were more common in patients over 60, resid-
ing in urban areas, with higher education levels, and higher uri-
nary NMSS domain scores at baseline. These factors align with
those proposed by The National Parkinson Foundation's Falls
Task Force, categorized as age-related and PD-specific risk fac-
tors [40]. Importantly, MS severity did not differ between non-
falling and falling groups at baseline, highlighting the potential
influence of NMS and their growing impact on postoperative
fall occurrences.

To date, there has been a dearth of studies examining fac-
tors contributing to falls post-STN-DBS surgery, and no spe-
cific NMS predictors have been identified [22, 31]. This gap
significantly hampers efforts in fall prevention and manage-
ment, particularly for patients undergoing STN-DBS. This
is the first study to systematically include NMS in exploring
fall factors in STN-DBS patients and use the GEE method to
analyze their longitudinal association with falls. Results indi-
cated that longer disease duration, higher education, absence
of anemia, milder mood/cognitive issues, and more severe
gastrointestinal and urinary symptoms were associated with
increased fall risk in PD patients. Longer disease duration
may lead to more severe symptoms and functional decline,
thereby increasing fall risk [41], particularly due to worsening
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TABLE 4 | Multivariate generalized estimating equation analysis of factors associated with falls after STN-DBS in PD patients.

Variable B SD Wald y? p OR 95% CI
Intercept —4.742 1.126 17.734 <0.001 0.009 0.001-0.079
Follow-up

Baseline 0?4 — — — 1.000 —

6-month follow-up 0.141 0.425 0.110 0.740 1.152 0.501-2.650

12-month follow-up 0.113 0.446 0.065 0.799 1.120 0.468-2.683
Age

Age <60 02 — — — 1.000 —

Age>60 0.745 0.420 3.150 0.076 2.106 0.925-4.792
Education

Junior high school and below 02 — — — 1.000 —

High school 0.327 0.394 0.690 0.406 1.387 0.641-3.001

Associate degree and above 1.144 0.342 11.200 0.001 3.141 1.607-6.140
Disease duration, year 0.072 0.034 4.512 0.034 1.074 1.006-1.148
UPDRS-III 0.006 0.020 0.080 0.777 1.006 0.968-1.045
H-Y stage

2.0 0?2 — — — 1.000 —

2.5 0.502 0.554 0.823 0.364 1.652 0.558-4.891

3.0 0.874 0.599 2.129 0.145 2.396 0.741-7.748

4.0 1.257 0.712 3.114 0.078 3.516 0.870-14.204
Subtype

PIGD 02 — — — 1.000 —

TD 0.041 0.350 0.014 0.907 1.042 0.525-2.069

Intermediate —0.428 0.574 0.556 0.456 0.652 0.212-2.007
LEDD, mg/day <0.001 <0.001 0.227 0.634 1.000 0.999-1.001
Hb, g/L

Anemic 0? — — — 1.000 —

Not anemic 1.743 0.630 7.667 0.006 5.716 1.664-19.633
NMSS domains

NMSS domain 1: Cardiovascular 0.442 0.375 1.392 0.238 1.556 0.746-3.243

NMSS domain 2: Sleep/fatigue —0.062 0.084 0.543 0.461 0.940 0.798-1.108

NMSS domain 3: Mood/cognition —0.194 0.096 4.063 0.044 0.823 0.682-0.995

NMSS domain 4: Perceptual problems/ 0.247 0.487 0.256 0.613 1.280 0.492-2.326

hallucinations

NMSS domain 5: Attention/memory —0.121 0.196 0.382 0.537 0.886 0.603-1.301

NMSS domain 6: Gastrointestinal 0.297 0.134 4.893 0.027 1.346 1.034-1.752

NMSS domain 7: Urinary 0.264 0.098 7.286 0.007 1.302 1.075-1.577

NMSS domain 8: Sexual function —0.027 0.155 0.030 0.863 0.974 0.719-1.319

NMSS domain 9: Miscellaneous —0.080 0.135 0.354 0.552 0.923 0.709-1.202

(Continues)
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TABLE 4 | (Continued)

Variable B SD Wald y? p OR 95% CI

Interaction effect of UPDRS III with NMSS domains
UPDRSIII * NMSS domain 1 —0.006 0.006 0.861 0.353 0.994 0.982-1.007
UPDRSIII * NMSS domain 2 0.001 0.001 0.193 0.660 1.001 0.998-1.003
UPDRSIII * NMSS domain 3 0.003 0.002 4.061 0.044 1.003 1.000-1.007
UPDRSIII * NMSS domain 4 —-0.003 0.008 0.179 0.672 0.997 0.982-1.012
UPDRSIII * NMSS domain 5 0.002 0.004 0.493 0.483 1.002 0.996-1.009
UPDRSIII * NMSS domain 6 —0.005 0.002 4.089 0.043 0.995 0.991-1.000
UPDRSIII * NMSS domain 7 —0.004 0.002 4.557 0.033 0.996 0.993-1.000
UPDRSIII *NMSS domain 8 0.002 0.0024 0.415 0.519 1.002 0.997-1.006
UPDRSIII * NMSS domain 9 0.001 0.002 0.405 0.525 1.001 0.997-1.006

Note: The Quasi-Likelihood under the Independence Model Criterion (QIC) and the Quasi-Likelihood under the Independence Model Criterion with a Correction for
Clustering (QICC) indicated that the model with the first-order autocorrelated working correlation matrix structure yielded the optimal fitting performance. Bold

values mean adjusted p <0.05.

Abbreviations: 95% CI, 95% confidence interval; B, coefficient; Hb, hemoglobin; H-Y stage, Hoehn-Yahr stage; LEDD, levodopa equivalent daily doses; NMSS,
Nonmotor symptoms scale; OR, odds ratio; PIGD, postural instability/gait difficulty subtype; SD, standard deviation; TD, tremor-dominant subtype; UPDRS-III,

unified Parkinson's disease rating scale part I1I; Wald 2, Wald Chi-Square.
ameans reference.

axial postural instability as PD progresses. Unexpectedly,
higher education and absence of anemia were associated with
increased fall risk. Both factors might be related to a more
active lifestyle, greater community engagement, and conse-
quently a higher likelihood of falling, as suggested by others
[42]. Understanding these associations can guide the develop-
ment of targeted interventions to reduce fall risk and improve
postoperative outcomes for PD patients.

The GEE model revealed complex interactions between NMS
and fall risk in PD patients. The main effects revealed that
worsened mood/cognition was associated with a reduced fall
risk. Notably, the mood/cognition domain (6 items) of NMSS
focuses primarily on apathy, including motivation (2 items)
and anhedonia (2 items), but also includes anxiety (1 item) and
depression (1 item). Although studies have suggested a link
between mood issues and falls, the results have been inconsis-
tent [43, 44]. Mood disturbances can influence falls in PD pa-
tients in two ways. On one hand, severe mood issues can have
a negative impact on MS and worsen gait, increasing fall risk.
On the other hand, patients with apathy or affective symp-
toms may reduce daytime activity, leading to fewer fall oppor-
tunities, particularly when motor and gait disturbances are
present. Conversely, gastrointestinal and urinary symptoms
were associated with increased fall risk, likely for the rea-
sons outlined below. First, both gastrointestinal and urinary
symptoms can cause physical discomfort and instability [45],
leading to a higher likelihood of falls during daily activities.
Second, both symptoms increase toileting urgency, which is
linked to a higher risk of night falls and daily falls during the
journey between their bedside and the toilet [46, 47]. Notably,
gastrointestinal symptoms in PD patients did not signifi-
cantly improve after STN-DBS, while these symptoms were
significantly associated with the occurrence of falls. In con-
trast, STN-DBS can improve urinary symptoms by reducing
detrusor overactivity and increasing bladder capacity, thereby
reducing falls [47, 48]. These findings highlight the need for

tailored fall prevention programs for this group of PD patients
and the incorporation of multidisciplinary treatments when
STN-DBS and dopaminergic therapy are insufficient.

The GEE model also observed interaction effects between MS
and NMS on falls. As Parkinson's MS worsened, the protective
effect of mood/cognition symptoms diminished or even re-
versed. Meanwhile, although gastrointestinal and urinary is-
sues increase fall risk, effects were less pronounced when MS
were more severe. This might be because severe MS overshadow
the impact of gastrointestinal and urinary problems on fall risk,
or patients with severe MS might have overall reduced activ-
ity levels, mitigating the effect of these symptoms on falls. The
interaction effects showed that the relationship between non-
motor symptoms and fall risk is complex and depends on the
severity of motor symptoms. The reversal of mood/cognition's
protective effect in advanced motor stages may reflect two inter-
related phenomena:

1. Threshold Dominance of Motor Disability: In severe
PD, profound postural instability, freezing of gait, and
bradykinesia dominate fall risk, overshadowing contri-
butions from mood/cognition. Patients may become less
exposed to fall-triggering scenarios (e.g., multitasking,
ambulation in complex environments) due to immobil-
ity, masking the typical risk posed by apathy or executive
dysfunction.

2. Neurodegenerative Overlap: Mood/cognitive deficits in ad-
vanced PD often correlate with diffuse Lewy body pathology
in limbic and cortical regions. This progression may disrupt
compensatory mechanisms (e.g., attention to balance), erod-
ing any residual protective effects seen in earlier stages.

The attenuation of gastrointestinal/urinary effects in severe
motor disease could stem from reduced physical activity lev-
els (limiting opportunities for falls triggered by urgency or
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orthostasis) or caregiver supervision, which mitigates risks de-
spite persistent symptoms. Understanding these interactions
can help tailor more effective fall prevention strategies consid-
ering both MS and NMS.

Several limitations should be acknowledged. First, this study
was conducted at a single center, which may introduce selection
bias. Second, the sample size and the follow-up time were rela-
tively limited, which might lead to the limited generalizability
of findings. Thus, multicenter studies with larger sample sizes
and longer follow-up observations are further needed. Third,
fall events were self-reported by patients, which may have intro-
duced recall bias. Patients with cognitive impairments or fluc-
tuating awareness might underreport or inaccurately recall fall
incidents, leading to potential misclassification. To improve data
accuracy in future studies, integrating objective fall-monitoring
tools such as wearable sensors, accelerometers, or caregiver-
reported fall logs could provide a more reliable assessment of fall
frequency and severity. Fourth, due to the necessity of conduct-
ing UPDRS-III assessments in a hospital setting, the follow-up
rate for these assessments post-STN-DBS was low. This limita-
tion restricted our ability to analyze the influence of motor symp-
tom changes on fall risk comprehensively. Future studies should
explore alternative follow-up strategies, such as telemedicine-
based assessments or home-based wearable motor evaluations,
to improve data collection on motor symptom progression and
its relationship with fall risk. Lastly, several key confounding
variables, including axial function impairments, cognitive abil-
ities, and the severity of freezing of gait, were not considered
due to data accessibility constraints. These factors are known to
significantly influence fall risk in PD patients. Subsequent re-
search should prioritize comprehensive data collection on these
variables, possibly integrating multimodal assessments such as
neuropsychological testing, gait analysis, and machine learning-
based predictive models to better understand the multifactorial
nature of falls in PD patients post-DBS.

5 | Conclusions

Our study found significant improvements in all NMSS domains
with the exception of gastrointestinal. Despite these improve-
ments, the overall fall rate did not show a significant decrease
following surgery. NMS, including mood/cognition, gastroin-
testinal, and urinary symptoms, are associated with falls, and
their interaction with MS also affects fall risk. These findings
highlight the intricate relationship between NMS and fall risk,
emphasizing the need for a comprehensive fall prevention strat-
egy that incorporates targeted interventions for NMS.

Author Contributions

Ying Gao contributed to study design, data collection, data analysis,
and manuscript writing. Hui You contributed to study design, data
analysis, and manuscript revision. Jue Wang was involved in data col-
lection and literature review. Mengsi Yao contributed to data collection
and literature review. Dianyou Li contributed to clinical insights and
study design. Bomin Sun was involved in study supervision and study
design. Linbin Wang contributed to study design, result interpretation,
and manuscript revision. Xian Qiu was involved in project supervision,
study design, result interpretation, and manuscript revision.

Ethics Statement

This study was approved by the Ethics Committee of Ruijin Hospital
(Ruijin Hospital Ethics Committee [2023] NO. 122), and written in-
formed consent was obtained from all participating patients.

Consent

The authors agree to publication in the journal.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available on request
from the corresponding author. The data are not publicly available due
to privacy or ethical restrictions.

References

1. A. Ascherio and M. A. Schwarzschild, “The Epidemiology of Parkin-
son's Disease: Risk Factors and Prevention,” Lancet Neurology 15, no. 12
(2016): 1257-1272.

2. F.N. Emamzadeh and A. Surguchov, “Parkinson's Disease: Biomark-
ers, Treatment, and Risk Factors,” Frontiers in Neuroscience 12 (2018):
612.

3. G. E. Vazquez-Vélez and H. Y. Zoghbi, “Parkinson’s Disease Genetics
and Pathophysiology,” Annual Review of Neuroscience 44 (2021): 87-108.

4. K. R. Chaudhuri, D. G. Healy, and A. H. Schapira, “Non-Motor Symp-
toms of Parkinson's Disease: Diagnosis and Management,” Lancet Neu-
rology 5, no. 3 (2006): 235-245.

5. 0.-B. Tysnes and A. Storstein, “Epidemiology of Parkinson's Disease,”
Journal of Neural Transmission 124, no. 8 (2017): 901-905.

6.J. R. Deliz, C. M. Tanner, and P. Gonzalez-Latapi, “Epidemiology of
Parkinson's Disease: An Update,” Current Neurology and Neuroscience
Reports 24 (2024): 163-179.

7.E. R. Dorsey, R. Constantinescu, J. P. Thompson, et al., “Projected
Number of People With Parkinson Disease in the Most Populous Na-
tions, 2005 Through 2030,” Neurology 68, no. 5 (2007): 384-386.

8. B. Lindholm, C. Brogardh, P. Odin, and P. Hagell, “Longitudinal Pre-
diction of Falls and Near Falls Frequencies in Parkinson's Disease: A Pro-
spective Cohort Study,” Journal of Neurology 268, no. 3 (2021): 997-1005.

9.N. E. Allen, A. K. Schwarzel, and C. G. Canning, “Recurrent Falls
in Parkinson's Disease: A Systematic Review,” Parkinsons Disease 2013
(2013): 906274.

10. S. Hulbert, K. Chivers-Seymour, R. Summers, et al., “PDSAFE’—a
Multi-Dimensional Model of Falls-Rehabilitation for People With Par-
kinson's. A Mixed Methods Analysis of Therapists' Delivery and Expe-
rience,” Physiotherapy 110 (2021): 77-84.

11. C. L. Wielinski, C. Erickson-Davis, R. Wichmann, M. Walde-
Douglas, and S. A. Parashos, “Falls and Injuries Resulting From Falls
Among Patients With Parkinson's Disease and Other Parkinsonian Syn-
dromes,” Movement Disorders 20, no. 4 (2005): 410-415.

12. L. V. Kalia and A. E. Lang, “Parkinson’s Disease,” Lancet 386, no.
9996 (2015): 896-912.

13. R. Camicioli, M. E. Morris, F. Pieruccini-Faria, et al., “Prevention of
Falls in Parkinson's Disease: Guidelines and Gaps,” Movement Disorders
Clinical Practice 10, no. 10 (2023): 1459-1469.

14. A. A. Thomas, J. M. Rogers, M. M. Amick, and J. H. Friedman,
“Falls and the Falls Efficacy Scale in Parkinson's Disease,” Journal of
Neurology 257, no. 7 (2010): 1124-1128.

13 of 14



15. A. A. Prasad and A. Wallén-Mackenzie, “Architecture of the Subtha-
lamic Nucleus,” Communications Biology 7, no. 1 (2024): 78.

16.Y. Chen, G. Zhu, T. Yuan, et al., “Subthalamic Nucleus Deep Brain
Stimulation Alleviates Oxidative Stress via Mitophagy in Parkinson's
Disease,” npj Parkinson’s Disease 10, no. 1 (2024): 52.

17. F. M. Weaver, K. Follett, M. Stern, et al., “Bilateral Deep Brain Stim-
ulation vs Best Medical Therapy for Patients With Advanced Parkin-
son Disease: A Randomized Controlled Trial,” JAMA 301, no. 1 (2009):
63-73.

18. K. Witt, C. Daniels, J. Reiff, et al., “Neuropsychological and Psychi-
atric Changes After Deep Brain Stimulation for Parkinson's Disease:
A Randomised, Multicentre Study,” Lancet Neurology 7, no. 7 (2008):
605-614.

19.J. Volkmann, C. Daniels, and K. Witt, “Neuropsychiatric Effects of
Subthalamic Neurostimulation in Parkinson Disease,” Nature Reviews.
Neurology 6, no. 9 (2010): 487-498.

20. A. Castrioto, E. Lhommee, E. Moro, et al., “Mood and Behavioural
Effects of Subthalamic Stimulation in Parkinson's Disease,” Lancet Neu-
rology 13, no. 3 (2014): 287-305.

21.Y. Gao, J. Wang, L. Wang, et al., “Preoperative Attention/Memory
Problem Affects the Quality of Life of Parkinson's Disease Patients
After Deep Brain Stimulation: A Cohort Study,” Parkinsons Disease
2024 (2024): 3651705.

22. A. Zampogna, F. Cavallieri, F. Bove, et al., “Axial Impairment and
Falls in Parkinson's Disease: 15 Years of Subthalamic Deep Brain Stim-
ulation,” npj Parkinson's Disease 8, no. 1 (2022): 121.

23. D. Dindo, N. Demartines, and P. A. Clavien, “Classification of Surgi-
cal Complications: A New Proposal With Evaluation in a Cohort of 6336
Patients and Results of a Survey,” Annals of Surgery 240, no. 2 (2004):
205-213.

24. G. Wang, Z. Hong, Q. Cheng, et al., “Validation of the Chinese Non-
Motor Symptoms Scale for Parkinson's Disease: Results From a Chinese
Pilot Study,” Clinical Neurology and Neurosurgery 111, no. 6 (2009):
523-526.

25. The Unified Parkinson's Disease Rating Scale (UPDRS), “Status and
Recommendations,” Movement Disorders 18, no. 7 (2003): 738-750.

26.J. K. Urbanek, D. L. Roth, M. Karas, et al., “Free-Living Gait Ca-
dence Measured by Wearable Accelerometer: A Promising Alternative
to Traditional Measures of Mobility for Assessing Fall Risk,” Journals of
Gerontology: Series A 78, no. 5 (2023): 802-810.

27. A.Kalache, D. Fu, and S. Yoshida, World Health Organisation Global
Report on Falls Prevention in Older Age (World Health Organization,
2007).

28. A. Fasano, C. G. Canning, J. M. Hausdorff, S. Lord, and L. Roch-
ester, “Falls in Parkinson's Disease: A Complex and Evolving Picture,”
Movement Disorders 32, no. 11 (2017): 1524-1536.

29. C. L. Tomlinson, R. Stowe, S. Patel, C. Rick, R. Gray, and C. E.
Clarke, “Systematic Review of Levodopa Dose Equivalency Reporting in
Parkinson's Disease,” Movement Disorders 25, no. 15 (2010): 2649-2653.

30.K. Y. Liang and S. L. Zeger, “Regression Analysis for Correlated
Data,” Annual Review of Public Health 14 (1993): 43-68.

31. C. Karachi, F. Cormier-Dequaire, D. Grablj, et al., “Clinical and An-
atomical Predictors for Freezing of Gait and Falls After Subthalamic
Deep Brain Stimulation in Parkinson's Disease Patients,” Parkinsonism
& Related Disorders 62 (2019): 91-97.

32.T. Herman, Y. Barer, M. Bitan, et al., “A Meta-Analysis Identifies
Factors Predicting the Future Development of Freezing of Gait in Par-
kinson's Disease,” npj Parkinson’s Disease 9, no. 1 (2023): 158.

33. H. S. Dafsari, P. Reddy, C. Herchenbach, et al., “Beneficial Effects of
Bilateral Subthalamic Stimulation on Non-Motor Symptoms in Parkin-
son's Disease,” Brain Stimulation 9, no. 1 (2016): 78-85.

34.8S. T. Jost, A. Sauerbier, V. Visser-Vandewalle, et al., “A Prospective,
Controlled Study of Non-Motor Effects of Subthalamic Stimulation in
Parkinson's Disease: Results at the 36-Month Follow-Up,” Journal of
Neurology, Neurosurgery, and Psychiatry 91, no. 7 (2020): 687-694.

35. E. Arai, M. Arai, T. Uchiyama, et al., “Subthalamic Deep Brain Stim-
ulation Can Improve Gastric Emptying in Parkinson's Disease,” Brain
135 (2012): 1478-1485.

36. G. Bellini, L. A. Best, U. Brechany, R. Mills, and N. Pavese, “Clinical
Impact of Deep Brain Stimulation on the Autonomic System in Patients
With Parkinson's Disease,” Movement Disorders Clinical Practice 7, no.
4(2020): 373-382.

37. B. Schoneburg, M. Mancini, F. Horak, and J. G. Nutt, “Framework
for Understanding Balance Dysfunction in Parkinson's Disease,” Move-
ment Disorders 28, no. 11 (2013): 1474-1482.

38.S. A. Parashos, C. L. Wielinski, N. Giladi, T. Gurevich, and National
Parkinson Foundation Quality Improvement Initiative Investigators,
“Falls in Parkinson Disease: Analysis of a Large Cross-Sectional Co-
hort,” Journal of Parkinson'’s Disease 3, no. 4 (2013): 515-522.

39.S. A. Parashos, B. R. Bloem, N. M. Browner, et al., “What Predicts
Falls in Parkinson Disease?: Observations From the Parkinson's Foun-
dation Registry,” Neurology. Clinical Practice 8, no. 3 (2018): 214-222.

40. M. A. van der Marck, M. P. Klok, M. S. Okun, et al., “Consensus-
Based Clinical Practice Recommendations for the Examination and
Management of Falls in Patients With Parkinson's Disease,” Parkinson-
ism & Related Disorders 20, no. 4 (2014): 360-369.

41. T. Xu, W. Dong, J. Liu, et al., “Disease Burden of Parkinson's Dis-
ease in China and Its Provinces From 1990 to 2021: Findings From the
Global Burden of Disease Study 2021,” Lancet Regional Health. Western
Pacific 46 (2024): 101078.

42. E. Beghi, E. Gervasoni, E. Pupillo, et al., “Prediction of Falls in
Subjects Suffering From Parkinson Disease, Multiple Sclerosis, and
Stroke,” Archives of Physical Medicine and Rehabilitation 99, no. 4
(2018): 641-651.

43. A. Hassan, S. Vallabhajosula, L. B. Zahodne, et al., “Correlations
of Apathy and Depression With Postural Instability in Parkinson Dis-
ease,” Journal of the Neurological Sciences 338, no. 1-2 (2014): 162-165.

44.E. P. Pasman, C. D. Murnaghan, B. R. Bloem, and M. G. Carpen-
ter, “Balance Problems With Parkinson's Disease: Are They Anxiety-
Dependent?,” Neuroscience 177 (2011): 283-291.

45. C. J. Black, D. A. Drossman, N. J. Talley, J. Ruddy, and A. C. Ford,
“Functional Gastrointestinal Disorders: Advances in Understanding
and Management,” Lancet 396, no. 10263 (2020): 1664-1674.

46.X. M. Song, Q. Meng, J. Li, et al., “Research Progress of Fall Related
Factors in Patients With Parkinson's Disease,” Journal of Clinical Neu-
rology 33, no. 1 (2020): 69-72.

47. X. X. Li, Analysis of the Efficacy of Subthalamic Nucleus Deep Brain
Stimulation on Non-Motor Symptoms in Parkinson's Disease (Ningxia
Medical University, 2019).

48.E. Scelzo, E. Beghi, M. Rosa, et al.,, “Deep Brain Stimulation in
Parkinson's Disease: A Multicentric, Long-Term, Observational Pilot
Study,” Journal of the Neurological Sciences 405 (2019): 116411.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section.

14 of 14

CNS Neuroscience & Therapeutics, 2025



	Nonmotor Symptom Changes and Their Association With Falls Among Parkinson's Disease Patients Undergoing Deep Brain Stimulation: A 1-Year Cohort Study
	ABSTRACT
	1   |   Introduction
	2   |   Materials and Methods
	2.1   |   Patients and Study Design
	2.2   |   Outcome Measures
	2.3   |   Data Analysis

	3   |   Results
	3.1   |   Demographic and Disease-Related Information
	3.2   |   Changes in Fall Occurrence and Nonmotor Symptoms
	3.3   |   Subgroup Analysis of Fallers and Nonfallers Post Surgery
	3.4   |   Nonmotor Symptoms Associated With Falls

	4   |   Discussion
	5   |   Conclusions
	Author Contributions
	Ethics Statement
	Consent
	Conflicts of Interest
	Data Availability Statement
	References


