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Background: The practice of polypharmacy is prevalent among older adults and has been associated with mobility decline and
cognitive impairment. However, its effects on gait performance in patients with cerebral small vessel disease (CSVD)—a popula-
tion inherently vulnerable to gait disturbances—remain poorly understood. This study investigated the impact of polypharmacy
on gait performance during single-task walking (STW) and dual-task walking (DTW) in patients with CSVD, and identified
neuroimaging correlates associated with polypharmacy.

Methods: A total of 126 hospitalized individuals with CSVD were recruited. Based on the number of regularly used medications
that had been in use for >2 weeks, patients were classified into three groups: non-polypharmacy (<4 drugs, n = 47), polyphar-
macy (5-9 drugs, n = 49), or hyper-polypharmacy groups (>10 drugs, n = 30). Gait speed and its coefficient of variation (CV)
were recorded during STW and DTW. Magnetic resonance imaging was used to evaluate white-matter hyperintensities, lacunar
infarcts, and cerebral microbleeds, which were integrated into a total CSVD burden score (0-3).

Results: During STW, the hyper-polypharmacy group had significantly slower gait speed (0.70 £+ 0.20 m/s) compared to the
non-polypharmacy and polypharmacy groups (both >0.91 m/s, p < 0.001). In DTW, gait speed decreased and CV increased
across all groups, with the most pronounced impairments in the hyper-polypharmacy group (DTW speed: 0.59 £ 0.15 m/s; CV:
16.03%). Linear regression revealed that medication count was negatively associated with gait speed (STW 5=-5.622, p < 0.001;
DTW [ =-8.484, p < 0.001) and positively with gait variability during DTW (5 = 0.246, p < 0.001). The total CSVD score was
independently associated with polypharmacy (p = 0.036).

Conclusion: The study confirmed a relationship between polypharmacy and locomotion in CSVD patients. Furthermore, total
CSVD score—but not any single neuroimaging biomarker—is independently associated with the presence of polypharmacy.
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Introduction

Cerebral small vessel disease (CSVD) is a common
disorder among older individuals, with its prevalence in-
creasing significantly with age [1]. It is a major contributor
to stroke and dementia and can be identified by neuroimag-
ing markers such as small subcortical infarcts, white mat-
ter hyperintensities (WMHs), lacunar infarctions (LIs), en-
larged perivascular spaces, cerebral microbleeds (CMBs),
and atrophy [2]. The prevalence of WMH increases from
5% at age 50 to nearly 100% by age 90 [3], and CMB in-
cidence rises from approximately 6.50% at ages 45-50 to
around 36.00%—38.00% in those over 80 years old [4].

Although movement disorders and cognitive impair-
ment are hallmark features of CSVD [5], they are frequently
underrecognized through the sole detection by conven-

tional diagnostic approaches [6]. Recent advances in neu-
roimaging, including the Standards for Reporting Vascular
Changes on Neuroimaging (STRIVE) criteria, diffusion-
weighted imaging, and dynamic contrast-enhanced mag-
netic resonance imaging (MRI), have significantly en-
hanced the precision of CSVD diagnosis, disease monitor-
ing, and evaluation of blood-brain barrier integrity [7,8].
Additionally, dual-task walking (DTW)—which evaluates
gait performance under simultaneous cognitive or motor
demands, has emerged as a sensitive tool for identifying
mobility impairments in CSVD. Because walking and sec-
ondary tasks rely on shared neural resources, DTW poses
particular challenges for individuals with CSVD, offering
insight into their functional limitations [9].

Gait, a complex movement controlled by both mo-
tor and central neural functions [10], serves as an impor-
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tant health indicator in older adults [11]. While studies
on community-dwelling elderly individuals suggest that
polypharmacy negatively impacts mobility [12,13], its ef-
fect on CSVD patients remains unclear. CSVD-related
subcortical damage, particularly in the frontal cortex and
basal ganglia, contributes to slow walking speed, raising the
question of whether polypharmacy exacerbates this impair-
ment [11]. A similar association between polypharmacy,
slow gait, and recurrent falls has also been reported in older
adults with HIV [14]. Given evidence that deprescription
benefits patients with multiple comorbidities [15], explor-
ing the relationship between polypharmacy and gait perfor-
mance may inform strategies to prevent CSVD progression.

Polypharmacy, commonly defined as the concurrent
use of five or more medications [16], has been associated
with adverse outcomes such as falls, frailty, gait slowing,
and cognitive decline [13,17-19]. Hyper-polypharmacy,
defined as the use of ten or more medications, is linked to
even poorer prognoses [20]. However, the specific impact
of polypharmacy on the clinical characteristics of CSVD
remains poorly understood. This study aims to investigate
gait alterations in CSVD patients with polypharmacy dur-
ing single-task walking (STW) and DTW. Furthermore, it
seeks to identify neuroimaging biomarkers associated with
polypharmacy in older Chinese adults with CSVD. By elu-
cidating these relationships, our findings may inform de-
prescription strategies and support targeted interventions to
mitigate the negative effects of polypharmacy on mobility
and disease progression.

Materials and Methods

Participants

A total of 126 patients diagnosed with CSVD treated at
the Department of Neurology, Chinese People’s Liberation
Army (PLA) General Hospital between January 1, 2022,
and June 1, 2023, were enrolled. Patients fulfilling the fol-
lowing criteria were included: (1) the ability to indepen-
dently ambulate for a distance of 30 steps with or without
holding a tray; (2) the ability to comprehend and accurately
execute commands; and (3) age over 50 years, accompa-
nied by at least one imaging manifestation associated with
CSVD, such as WMHs, LIs, or CMBs. Notably, if WMHs
were at a minimal level of 1 and no other discernible mark-
ers were present, patients must exhibit at least one vascular
risk factor, such as hypertension, diabetes, hyperlipidemia,
or similar distinguished conditions, to be eligible for in-
clusion [5,21]. Exclusion criteria of this study are as fol-
lows: (1) noticeable deficiency in receptive language abili-
ties hindering comprehension and adherence to commands;
(2) confirmed diagnosis of mild cognitive impairment or
dementia; and (3) recent acute cerebral ischemic or bleed-
ing episodes, leukoencephalopathy with demyelinating or
genetic etiology, major psychiatric disorders, nonvascular-
induced gait disorders, and contraindications to MRI uti-
lization.

A comprehensive collection of personal data was con-
ducted, including key factors such as age, gender, edu-
cational level, and the presence of any comorbid condi-
tions. To assess cognitive function, participants underwent
the clock drawing test (CDT), the trail-making test-part B
(TMT-B) [22], and the verbal fluency test (VFT) [23].

The VFT evaluates language fluency by counting the
number of animals named within one minute. The TMT-
B measures executive function by assessing the time re-
quired to complete the trail-marking test. In CDT, a trans-
formed score was utilized to assess visual-spatial abilities,
with lower scores indicating reduced proficiency. Points
are allocated based on the accuracy and complexity of the
clock dials generated by the participants [24].

An a priori sample size calculation was performed us-
ing G*Power 3.1 (Heinrich Heine University Diisseldorf,
Diisseldorf, Germany) to ensure adequate statistical power.
Based on an expected medium-to-large effect size (Cohen’s
£=0.30), o =0.05, power = 0.80, the minimum required to-
tal sample size was 111 participants. The final sample (n =
126) exceeded this threshold, indicating sufficient power to
detect clinically meaningful group differences in gait per-
formance.

CSVD Neuroimaging Markers

Neuroimaging procedures were conducted with a
3.0 T MRI scanner (Siemens AG, Erlangen, Bavaria,
Germany). The protocol included T1-weighted, T2-
weighted, fluid-attenuated inversion recovery (FLAIR),
and susceptibility-weighted imaging (SWI) sequences. All
scans were independently evaluated by two board-certified
neurologists blinded to clinical information. In case of dis-
agreement, a third senior neurologist was consulted to reach
consensus.

The grading of WMHs was based on the Fazekas scale
(range: 0-3), a widely accepted tool in CSVD research
[25]. Additionally, we recorded the presence of CMBs and
LIs. To quantify total CSVD burden, we applied a validated
composite scoring system, in which one point was assigned
for each of the following features: (1) two or more LlIs, (2)
presence of CMBs, and (3) WMH with severity measured in
terms of Fazekas grade 2 or 3, yielding a total score ranging
from 0 to 3 [26]. This scoring rule has been widely adopted
in previous studies [26] to reflect the overall extent of small
vessel pathology and its association with clinical outcomes.

Based on total CSVD scores, participants were classi-
fied into three groups: mild (score = 0), moderate (score =
1), and severe (score = 2 or 3).

STW and DTW Protocols

The gait characteristics of all participants were as-
sessed under two distinct conditions: (1) walking with-
out any additional tasks, and (2) walking while performing
a cognitive task involving three consecutive subtractions
from a randomly selected number (90, 95, 100, or 105), re-
ferred to as cognitive DTW.
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As previously described, participants were instructed
to complete 30 strides along a designated walkway under
STW and DTW conditions [27,28]. A starting and a finish
line were marked on the walkway. The participants were re-
quired to take five preparatory steps before the starting line,
walk 30 strides between the two marked lines, and continue
with taking five additional steps beyond the finish line. To
minimize the effects of acceleration and deceleration, only
the 30 strides in the central section were analyzed. In the
DTW assessment, the participants were instructed to per-
form both walking and the cognitive tasks simultaneously,
without prioritizing either activity.

Gait Parameters of Participants With CSVD

Gait-related data were collected using the MiniSun In-
telligent Device for Energy Expenditure and Activity Sys-
tem (IDEEA®, Model 3.1, MiniSun LLC, Fresno, CA,
USA). Gait variability (%) was determined from the co-
efficient of variation (CV), a common metric for this phe-
nomenon. Additionally, recognizing the inherent interde-
pendence between the bilateral legs, we calculated the CV
for each side using the formula:

stdev (stride)

Stride CV =
e mean (stride)

x 100%

Definition of Polypharmacy

To obtain comprehensive insights into the medication
history of the participants, we collected information from
their medical records and medication diaries. Only medica-
tions that were regularly used for at least two consecutive
weeks prior to gait assessment were considered eligible and
included in the analysis. To avoid misclassification due to
transient prescriptions, short-term medications such as an-
tibiotics for acute illnesses and drugs prescribed on an “as-
needed” basis were excluded. Topical medications were
also excluded. Patients practicing polypharmacy, which is
defined as concurrent use of five or more regularly sched-
uled medications, were divided into three groups based on a
previous study [29]: non-polypharmacy (<4 medications, n
=47), polypharmacy (5-9 medications, n = 49), and hyper-
polypharmacy groups (>10 medications, n = 30).

Statistical Analysis

To assess the normality of data distribution, we em-
ployed the Shapiro—Wilk test. Normally distributed vari-
ables are expressed as mean + standard deviation (SD),
while non-normally distributed variables are presented as
median and interquartile range (IQR). Categorical data are
expressed as frequencies. Group comparisons for con-
tinuous variables were conducted using one-way analy-
sis of variance (ANOVA) for normally distributed data,
or the Kruskal-Wallis H test for non-normally distributed
data. For comparisons between two groups, ¢-test or Mann—
Whitney U test was applied, depending on the distribution.
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The #-test was used for analyzing normally distributed data,
while the nonparametric Mann-Whitney U test was applied
for data with skewed distribution. The chi-squared test
was applied for comparing categorical variables. To deter-
mine gait performance across conditions and polypharmacy
status, generalized estimation equations (GEE) were em-
ployed, incorporating walking condition (STW vs. DTW)
and polypharmacy group as within-subject and between-
subject factors, respectively. Post-hoc tests with Bonferroni
correction were used to adjust for multiple comparisons in
the presence of significant interactions. Linear regression
analysis was employed to assess associations between the
number of medications and gait speed or CV. Furthermore,
logistic regression analyses evaluated the relationship be-
tween neuroimaging markers and polypharmacy risk.

To control for potential confounders, particularly the
number of comorbidities and performance on the TMT-B,
these variables were included as covariates in the GEE and
linear regression models. Interaction terms were tested to
identify any effect modifications. Sensitivity analyses ex-
cluded participants with extreme values, and subgroup anal-
yses explored effects within specific strata. Additional ad-
justments were made for age, gender, medication types,
physical activity levels, and socioeconomic status to ensure
an accurate and unbiased assessment of the relationship be-
tween polypharmacy and gait parameters in CSVD patients.
All statistical analyses were performed using SPSS version
23.0 (SPSS Inc., Armonk, NY, USA), with p < 0.05 set as
the statistical significance threshold.

Results

Participants’ Characteristics

As shown in Table 1, the entire cohort of CSVD pa-
tients (n = 126) had a mean age of 66.10 + 8.30 years,
comprising 38.09% of female. Among them, 47 patients
were classified as engaging in non-polypharmacy, 49 pa-
tients as practicing polypharmacy, and 30 patients as prac-
ticing hyper-polypharmacy. There were no significant dif-
ferences across the three groups in age, sex, years of ed-
ucation, CDT scores, or VFT. However, significant group
differences were found in the number of comorbidities (p
< 0.001) and TMT-B performance (p = 0.001).

Post-hoc analyses indicated that patients in the hyper-
polypharmacy group had significantly more comorbidi-
ties than those in the non-polypharmacy (p < 0.001) and
polypharmacy groups (p < 0.001). The number of comor-
bidities was also higher in the polypharmacy group than in
the non-polypharmacy group (p = 0.001). Regarding TMT-
B, patients in the hyper-polypharmacy group performed
significantly worse than both the non-polypharmacy (p <
0.001) and polypharmacy groups (p = 0.045), whereas
no significant difference was found between the non-
polypharmacy and polypharmacy groups (p = 0.078).
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Table 1. Characteristics and neuroimaging biomarkers of participants in this study.

Variables Non- Polypharmacy Hyper- F/x2-value  p-value Post-hoc
polypharmacy group (n =49) polypharmacy comparisons
group (n =47) group (n =30)

Sex (female), n (%) 20 (42.55%) 17 (34.69%) 11 (36.67%) 0.662 0.718

Duration of education (years) 12.00 (9.00, 12.00 (9.00, 12.00 (9.00, 2.778 0.249

12.00) 12.00) 12.00)
Age (years) 63.30 + 7.77 64.94 £+ 8.06 67.73 +£7.70 2913 0.058
Number of comorbidities 2.00 (1.00,2.00)  2.00(2.00,3.00) 3.00 (2.75, 4.00) 35.341 <0.001  Non vs. Hyper:
p < 0.001
Poly vs. Hyper:
p < 0.001
Non vs. Poly: p
=0.001
VFT score 17.74 £ 3.40 16.94 + 4.07 15.87 £3.51 2.360 0.099
CDT score 12.00 (11.00, 12.00 (11.00, 11.00 (10.00, 3.824 0.148
13.00) 13.00) 13.00)
TMT-B score 76.00 (57.00, 78.00 (62.00, 94.50 (76.00, 13.858 0.001 Non vs. Hyper:
86.00) 97.00) 103.30) p < 0.001
Poly vs. Hyper:
p=0.045
Non vs. Poly:
NS

Note: Data are presented as mean + standard deviation (SD), median (interquartile range, IQR), or n (%). Group comparisons were

conducted using one-way ANOVA for normally distributed continuous variables, the Kruskal-Wallis test for non-normally distributed

continuous variables, and the chi-square test for categorical variables.

Abbreviations: CDT, clock drawing test; VFT, verbal fluency test; TMT-B, trail-making test-part B; F, value from one-way analysis of

variance; x2, chi-square.

Gait Performance Across Different Polypharmacy
Groups Under STW and DTW Conditions

Table 2 presents the gait parameters (speed and CV)
across the polypharmacy groups during STW and DTW af-
ter adjusting for comorbidities and executive function. GEE
analysis results (Table 3) revealed significant main effects
and interactions effects between group (polypharmacy sta-
tus) and condition (STW vs. DTW) for both gait speed and
its CV, which remained robust after covariate adjustment
(Table 4).

Under the STW condition, only the hyper-
polypharmacy group exhibited slower gait speed com-
pared with both the non-polypharmacy (p = 0.005) and
polypharmacy groups (p < 0.001). During DTW, both
gait speed and CV differed significantly between the
hyper-polypharmacy group and the non-polypharmacy
(p < 0.001) and polypharmacy groups (p < 0.05).
Notably, DTW performance also differed between the
non-polypharmacy and polypharmacy groups (p < 0.05),
indicating a dose-response relationship between medi-
cation load and motor-cognitive interference. Post-hoc
comparisons of within-group changes further revealed that
only the polypharmacy and hyper-polypharmacy groups
exhibited significant declines in gait speed and increases
in CV from STW to DTW (p < 0.05). In contrast, no

significant within-group change was observed in the
non-polypharmacy group (Table 2).

Linear regression analysis was conducted to examine
the association of the number of medications with both gait
speed and CV, with adjustments for TMT-B and the num-
ber of comorbidities. The results are summarized in Ta-
bles 5,6. Linear regression of the STW and DTW data re-
vealed that gait speed was negatively associated with the
number of medications (Table 5, model 1), and the associa-
tion remained significant after adjustment (Table 5, model
2). Furthermore, the number of medications was positively
associated with gait variability in both conditions (Table 6,
model 1). This association remained significant in the DTW
condition after adjustment, but it was no longer observed in
the STW condition (Table 6, model 2).

Neuroimaging Biomarkers Associated With
Polypharmacy

We also investigated group differences in neuroimag-
ing biomarkers (Table 7). Significant differences were ob-
served in the total CSVD burden score and the presence of
LIs among the three groups (p = 0.001 and p = 0.035, re-
spectively). To further explore these associations, logistic
regression analyses were performed using total CSVD score
and LIs status of polypharmacy (Table 8). In these models,
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Table 2. Comparison of gait speed and variability across different polypharmacy groups under STW and DTW conditions
(adjusted for comorbidities and TMT-B).

Variables Non-polypharmacy Polypharmacy Hyper- Overall test Between-group
group group polypharmacy group (F/x2, p) comparisons (p)
(n=47) (n=49) (n=30)
STW
Speed (m/s) 091 £0.17 0.92 +0.19 0.70 £+ 0.20 F=70971,p  Hyper vs. Non:
< 0.001 0.005;
Hyper vs. Poly:
<0.001;
Non vs. Poly:
0.931
Speed CV (%) 8.04 (6.67, 10.67) 7.84 (5.73, 13.26 (8.23, 16.26) x?=3.905,p  Hyper vs. Non:
13.38) =0.052 0.023
Hyper vs. Poly:
0.012
Non vs. Poly:
0.882
DTW
Speed (m/s) 0.89 £ 0.16 0.77 £ 0.18 0.59 £ 0.15 F=63.300,p  Hyper vs. Non:
< 0.001 <0.001;
Hyper vs. Poly:
<0.001;
Non vs. Poly:
0.026
Speed CV (%) 7.32(5.93,9.52) 10.71 (6.93, 16.03 (12.75,24.50) 2 =20.200, Hyper vs. Non:
14.53) p <0.001 <0.001;
Hyper vs. Poly:
0.039;
Non vs. Poly:
0.025
STW vs. DTW (within-group)
Speed (m/s) t=0.587, t=4.012, t=2.410, -
p=0.558 p < 0.001 p=0.019
Speed CV (%) z=1.885, z=15.734, z=6.650, -
»=0.060 p=0.017 p=0.010

Abbreviations: CV, coefficient of variation; DTW, dual-task walking; STW, single-task walking; TMT-B, trail-making test-part B; F,

value from one-way analysis of variance; x2, chi-square.

the group with a total CSVD score of 2 (indicating severe
burden) served as the reference. Both lower total CSVD
scores (score = 0 and 1) were significantly associated with
reduced odds of polypharmacy in both unadjusted and ad-
justed models (p < 0.05). These associations remained ro-
bust after adjustment for potential confounders, including
number of comorbidities and executive function. LI pres-
ence was marginally associated with polypharmacy in the
adjusted model (p = 0.096), but did not reach statistical sig-
nificance. Representative neuroimaging examples of these
CSVD markers were illustrated in Fig. 1.

Discussion

To the best of our knowledge, this is the first study
to investigate the relationship between polypharmacy and

gait parameters in individuals with CSVD under both STW
and DTW conditions. Previous investigations have con-
firmed a relationship between polypharmacy and slow gait
speed in community-dwelling older adults [12,13], as well
as in patients with cognitive impairment during STW con-
ditions [29]. Gait speed is influenced by cognition, par-
ticularly executive function [30], whose impairment is a
primary clinical feature of CSVD [5]. Therefore, indi-
viduals with CSVD are anticipated to walk at a slower
pace compared to healthy individuals [6]. It is crucial
to determine whether polypharmacy affects gait speed in
CSVD patients already practicing slow-paced walking.
Our findings showed that hyper-polypharmacy was asso-
ciated with slower gait speed only under the STW condi-
tion, whereas significant differences in both gait speed and
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Fig. 1. Representative MRI features of cerebral small vessel disease. (A) White matter hyperintensities in the periventricular and deep
white matter regions. (B) Lacunar infarcts appearing as small, round hypointense lesions in the basal ganglia. (C) Cerebral microbleeds
detected on susceptibility-weighted imaging as punctate hypointense foci. Abbreviations: MRI, magnetic resonance imaging; AHR,
anterior head right; LHA, left head anterior; RFP, right foot posterior; PFL, posterior foot left; AFR, anterior front right; PHL, posterior
head left; RPH, right posterior head; LAF, left anterior front; ST, slice thickness; SP, slice spacing.


https://www.discovmed.com/

Table 3. Summary of GEE analysis results for speed and its

CV.
Variables Speed  Speed CV
Main effect
Group X2 49.560 30.507
(polypharmacy status) P <0.001 <0.001
Condition X2 78.315 7.201
(STW vs. DTW) P <0.001 0.007
Interaction
Group x condition X 42.690 13.647
p <0.001 0.001
Partial n? 0.267 0.086

Abbreviations: CV, coefficient of variation, DTW, dual-task
walking; GEE, generalized estimation equation; STW, single-

task walking; x2, chi-square; 02, eta-squared.

Table 4. Summary of GEE analysis results for speed and its
CV with adjustments for comorbidities and TMT-B.

Variables Speed  Speed CV
Main effect
Group x? 23.926 13.090
(polypharmacy status) )4 <0.001 0.001
Condition X2 78.315 7.201
(STW vs. DTW) )4 <0.001 0.007
Interaction
Group x condition X 42.690 15.647
)4 <0.001 0.001
Partial n?  0.214 0.064

Abbreviations: CV, coefficient of variation; DTW, dual-task
walking; GEE, generalized estimation equation; STW, single-
task walking; TMT-B, trail-making test-part B; x2, chi-square;

n?, eta-squared.

speed CV were observed among all three groups during
DTW. The polypharmacy and hyper-polypharmacy groups
demonstrated slower speed and greater variability in DTW
compared to STW, whereas the non-polypharmacy group
showed no such differences. Moreover, the number of
medications was negatively associated with gait speed in
both STW and DTW and positively correlated with speed
CV in DTW, even after adjusting for confounders. No-
tably, polypharmacy was independently associated with to-
tal CSVD scores, with this correlation remaining signifi-
cant after adjusting for executive function impairment and
other factors. These findings highlight the importance of
cautious medication management to minimize gait-related
impairments in CSVD patients. Future longitudinal studies
should investigate causality and explore interventions like
deprescription to improve mobility and overall outcomes in
this population.

CV is another important parameter and serves as a sig-
nificant predictor of falls [31]. However, research on the
impact of polypharmacy on gait speed CV is limited, with
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only one study reporting this effect in community-dwelling
older adults [13], which revealed a higher incidence (>3%)
of elevated speed CV during STW among individuals tak-
ing more medications. In contrast, our findings revealed no
significant differences in speed CV among the three groups
during STW, nor was it correlated with medication count af-
ter controlling for confounders. As a sensitive indicator of
motor dysfunction in individuals with CSVD [32], gait vari-
ability was significantly elevated during STW, even more
in those not engaging in polypharmacy. This suggests that
the disease itself may overshadow the effect of polyphar-
macy, unlike in community-dwelling older adults. DTW,
widely recognized for its sensitivity to subtle gait changes
in CSVD, provides important clinical insights [6]. While
one study found no significant decline in gait speed dur-
ing cognitive DTW in community-dwelling older adults, a
reanalysis using a stricter definition of polypharmacy (>8
medications) revealed a significant reduction in gait speed
[12]. Another study reported reduced prefrontal cortex ac-
tivation during cognitively demanding DTW tasks in indi-
viduals practicing polypharmacy [33]. Notably, in CSVD
patients, both polypharmacy status and medication count
appear to affect gait during cognitive DTW, with signifi-
cant difference in gait variability between DTW and STW.

A plausible explanation is that while CSVD itself con-
tributes to CV, intergroup differences remain subtle. STW,
as a semi-automatic task with low cognitive demand, may
not be sensitive enough to detect subtle changes, whereas
DTW, which requires greater cognitive engagement, pro-
vides a more effective assessment. Walking without per-
forming a secondary task in STW is largely automatic,
whereas DTW requires intact cognitive function to compete
for attentional resources, thus enabling revelation of subtle
gait impairments [30].

Our findings showed that individuals in the polyphar-
macy and hyper-polypharmacy groups exhibited slower
gait speeds and greater variability during DTW compared
to STW, whereas those in the non-polypharmacy group did
not, supporting the notion of limited neural resource avail-
ability in CSVD patients engaging in polypharmacy. There-
fore, careful monitoring of gait patterns in CSVD patients
and minimizing cognitive distractions while walking should
be prioritized.

Additionally, previous research has demonstrated that
comorbidity significantly impacts gait speed [34]. In this
study, comorbid conditions differed significantly among
CSVD patients with polypharmacy, and our results con-
firmed that polypharmacy status and medication count were
associated with walking speed and its CV, regardless of
severity of comorbidities. However, as we did not assess
comorbidity severity, its influence cannot be entirely ruled
out. It is also plausible that the prescription of multiple
medications may reflect more advanced or complex disease
status, which may contribute to impaired gait performance.
Moreover, medication type also affects gait, with anti-
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Table S. Linear regression models examining the association between gait speed and polypharmacy under both STW and DTW
conditions.
Model 1 Model 2
B8 P 95% CI B P 95% CI

STWspeed  -8962  <0.001 (-12.203,-5.720) -5.622 <0.001  (-8.393,-2.851)
DTW speed —-12.493 <0.001 (-15.342,-9.643) -8.484 <0.001 (-11.253,-5.715)

Note: Model 2 was adjusted for all confounding factors, including the number of comorbidities and TMT-B.

Variables

Number of medications

Abbreviations: DTW, dual-task walking; STW, single-task walking; TMT-B, trail-making test-part B; /3, standardized regression
coefficient; CI, confidence interval.

Table 6. Linear regression models examining the association between speed CV and polypharmacy under both STW and DTW
conditions.
Model 1 Model 2
Jé] P 95% CI B )4 95% CI

STWspeed CV  0.177  0.002  (0.065,0.289) 0.083  0.077 (-0.009, 0.175)

DTW speed CV  0.322 <0.001 (0.264,0.379) 0.246 <0.001 (0.191, 0.300)
Note: Model 2 was adjusted for all confounding factors, including the number of comorbidities and TMT-B.
Abbreviations: CV, coefficient of variation; DTW, dual-task walking; STW, single-task walking; TMT-B, trail-making test-
part B; 3, standardized regression coefficient; CI, confidence interval.

Variables

Number of medications

Table 7. Distribution of neuroimaging biomarkers and total CSVD score across polypharmacy groups.

Non-polypharmacy  Polypharmacy  Hyper-polypharmacy

Variables x2-value  p-value
group group group
0 10 7 3
1 16 16 7
WMHs 6.136 0.408
2 14 15 9
3 7 11 11
Lls Positive 24 32 24 6.728 0.035
CMBs Positive 17 26 17 4.036 0.133
0 15 11 4
Total score 1 20 10 4 19.326 0.001
2 12 28 22

Note: Total CSVD score ranges from 0 to 3, with 1 point assigned for each of the following: >2 LlIs, presence of
CMBs, or WMHs of grade 2-3.

Abbreviations: CMBs, cerebral microbleeds; CSVD, cerebral small vessel disease; LIs, lacunar infarctions; WMHs,
white matter hyperintensities; x2, chi-square.

Table 8. Logistic regressions analyses of the association between neuroimaging biomarkers of CSVD and polypharmacy.

. Model 1 Model 2
Variables
B p OR 95% CI B8 p OR 95% CI
0 -1.217 0.001 0.296 (0.122,0.720) -1.035 0.036 0.355  (0.135,0.934)
Total score (Ref: 2) 1 -1.519 0.001 0.219 (0.091,0.528) -1.068 0.028 0.344  (0.132,0.893)
2 0 1 Reference 0 1 Reference
. Negative —0.397 0.301 0.672 (0.317,1.426) -0.699 0.096 0.497  (0.218,1.133)
LIs (Ref: positive) .
Positive 0 1 Reference 0 1 Reference

Note: Model 2 was adjusted for all confounding factors, including the number of comorbidities and TMT-B. Reference cate-
gories: Total CSVD score = 2 (severe burden); LIs = positive (presence of >2 lacunes).

Abbreviations: CSVD, cerebral small vessel disease; Lls, lacunar infarctions; TMT-B, trail-making test-part B; 3, standardized
regression coefficient; CI, confidence interval; OR, odds ratio.

cholinergic drugs, for example, impairing cognitive func- which are essential for gait regulation [35]. Since detailed
tions such as attention and executive function—both of  data on specific medication classes (e.g., anticholinergics,
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sedatives), dosages, or adherence levels were not collected
for the present study, we were unable to examine their indi-
vidual contributions to gait impairment. Future prospective
studies should systematically evaluate the effects of these
high-risk medications and consider adherence as a potential
confounding factor to better characterize their influence on
gait and cognitive-motor performance in CSVD patients.

Importantly, a longitudinal study demonstrated a dose-
dependent effect, where each additional medication in-
creased the likelihood of gait decline [13]. Our cross-
sectional study further confirmed the relationship between
medication count and gait speed in both STW and DTW.
Additionally, a geriatric clinic study showed that reducing
medication improved mobility and nutritional status with-
out significantly affecting cognition or gait speed. More-
over, baseline gait speed has been identified as a predic-
tor of WMH progression [36,37]. These findings suggest
that deprescription could help prevent gait deterioration
linked to CSVD progression. Future cohort studies should
evaluate the effectiveness of deprescription in mitigating
polypharmacy-related gait decline and disease progression
in CSVD patients.

The relationship between neuroimaging markers of
CSVD and polypharmacy remains unclear due to limited at-
tention to this issue. To date, very few studies have explored
this association. This study is the first to demonstrate that
polypharmacy in CSVD patients is associated with higher
total neuroimaging scores, including WMHs, CMBs, and
Lis. These imaging markers were also found to be indepen-
dent risk factors for reductions in gait performance.

CSVD encompasses various pathophysiological
mechanisms, and the total burden score offers a more com-
prehensive assessment of cerebrovascular damage than
individual biomarkers [26]. A higher total burden score
is linked to greater symptom severity, potentially leading
to increased medication use, which may further contribute
to disease progression. Thus, regulating medication load
based on total CSVD scores is crucial. However, this study
did not establish a longitudinal link between neuroimaging
markers and polypharmacy, highlighting the need for
future research to track neuroimaging changes in CSVD
patients with and without polypharmacy.

Our study presents the first evidence of the relation-
ship between quantitative gait parameters, neuroimaging
biomarkers, and polypharmacy in Chinese individuals with
CSVD. By assessing the relationship between polyphar-
macy and gait performance while adjusting for executive
function and comorbidities, this study provides novel clin-
ical insights. However, our study has several limitations.
Firstly, the cross-sectional design limits our ability to estab-
lish causality between polypharmacy and gait impairment
in CSVD patients; longitudinal data would be necessary to
confirm these relationships over time. Secondly, potential
sources of bias or confounding factors may have influenced
our results. The inclusion criteria, which required partici-
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pants to ambulate independently for a distance of 30 steps
and comprehend commands, may have excluded individu-
als with more severe impairments, potentially skewing the
findings. Third, despite the adjustment for multiple covari-
ates, unmeasured confounders such as comorbidity sever-
ity, frailty, and lifestyle factors may still have influenced
the results. Additionally, we did not account for the specific
types and dosages of medications, which could have vary-
ing effects on gait and cognitive function. Finally, while
we controlled for several confounding variables, other un-
measured factors, such as the severity of comorbid con-
ditions and lifestyle differences, might have impacted our
outcomes. Future research should focus on longitudinal
studies to investigate how medication changes affect gait
and disease progression in CSVD patients. In addition, to
deepen our understanding of polypharmacy’s impact, fu-
ture research should include participants with varying lev-
els of disease severity and incorporate multidimensional
medication data into the analyses. Deprescription strate-
gies and advanced neuroimaging techniques for monitor-
ing brain changes should be explored to optimize treatment
plans and interventions.

Conclusion

Our study demonstrates a clear association between
polypharmacy and impaired gait performance in older
adults with CSVD, particularly under cognitively demand-
ing dual-task conditions. Among a range of neuroimaging
markers tested, only the total CSVD score showed an in-
dependent association with polypharmacy, suggesting that
cumulative cerebrovascular damage may contribute to in-
creased medication burden. These findings underscore the
importance of medication reviews and targeted gait assess-
ments in this high-risk population. Future longitudinal stud-
ies are needed to clarify causal relationships and evaluate
whether deprescription strategies can mitigate mobility de-
cline and disease progression.
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