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hyperintensity and motor function in patients with cerebral small
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Background: White matter hyperintensity (WMH) is a common neuroimaging marker of cerebral small
vessel disease (SVD) and a critical independent predictor of motor dysfunction, which increases the risk of
disability, morbidity, and mortality. However, the mechanism underlying the relationship between WMH
and motor function has not yet been fully clarified. It was hypothesized that cognitive impairment mediates
the relationship between WMH and motor dysfunction in patients with SVD, which were considered
predictor and outcome variables, respectively.

Methods: A total of 221 patients with SVD were enrolled in this study, and their magnetic resonance
imaging (MRI), neuropsychological, and motor function data were collected. The MRI data were visually
assessed to determine the WMH burden using the Fazekas scale. Cognition was evaluated using the
Montreal Cognitive Assessment (MoCA). Motor function was assessed using the Tinetti Gait and Balance
Scale and the Short Physical Performance Battery (SPPB). Finally, a bootstrap analysis was performed to
determine whether cognition mediated the relationship between WMH and motor function.

Results: Of all the patients, 30.3% had mild WMH, 37.6% had moderate WMH, and 32.1% had severe
WMH. Patients’ cognition and motor function decreased as the WMH burden increased (P<0.01). The
MoCA scores were associated with the Tinetti scale (r=0.545, P<0.01) and SPPB scores (r=0.365, P<0.01).
Finally, multi-categorical mediation models confirmed our research hypothesis; the coefficients for the
indirect effects had 95% confidence intervals (CIs) that excluded zero, indicating statistically significant
mediation effects.

Conclusions: WMH is associated with motor dysfunction, and this association is mediated by cognition in
patients with SVD. This finding highlights the importance of early interventions targeting cognitive function

to reduce the risk of motor dysfunction.
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Introduction

Cerebral small vessel disease (SVD) is a group of common
heterogeneous disorders that affect the small vessels of
the brain and is associated with aging (1). White matter
hyperintensity (WMH), recognized as lesions on T2-weighted
magnetic resonance imaging (MRI), is a common finding
on brain MRI scans across a wide range of neurological
disorders and in older adults without specific neurological
diagnoses (2). Notably, the presence of WMH is the most
prevalent neuroimaging marker of SVD (3,4). Cumulative
evidence shows that the WMH burden is highly correlated
with a decline in both cognitive and motor functions (5-7),
which may be related to microstructural integrity, structure
network efficiency, or cortical thickness (8-10).

Defining motor function is a very complex task.
According to Hallemans et a/. (11), it refers to “the
ability to learn or to demonstrate the skillful and efficient
assumption, maintenance, modification, and control of
voluntary postures and movement patterns.” To simplify
its assessment, gait and balance are considered two highly
relevant and measurable (qualitatively and quantitative)
aspects of motor function. Gait comprises postural
and behavioral characteristics associated with walking,
and walking speed is considered the sixth vital sign for
older patients (12,13). Due to the growing number of
patients with SVD in the aging global population, motor
dysfunction has been recognized as an important public
health concern (3). Motor dysfunction is significantly
predictive of falls, disability, hospitalization, and all-cause
mortality (14-17).

Additionally, cognitive impairments are associated
with motor disturbances (18-20). For example, deficits
in executive function and memory affect information
processing and responses to the environment while walking,
leading to the reduction of gait speed. Moreover, attention
is important for the maintenance of postural balance and
the regulation of gait. Hence, both cognitive impairment
and motor dysfunction are inherently linked, and both
contribute markedly to a patient’s overall degree of frailty.

However, to date, few studies have examined whether
and how cognition mediates the relationship between
WMH and motor function. Thus, our study aimed to (I)
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examine the relationship between WMH, cognition, and
motor function, and (I) assess whether cognition mediates
the association between WMH and motor function in
patients with SVD. We present this article in accordance with
the STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-24-1058/rc).

Methods
Design

A cross-sectional descriptive study was designed, and a
convenience sampling method was used for this study.

Study participants

This report presents a cross-sectional analysis of the
baseline data of the Guangdong SVD study in China, a
prospective experimental study investigating frailty in SVD
patients. Participants were recruited from the Department
of Neurology of The Third Affiliated Hospital of Sun
Yat-sen University in Guangzhou between July 2021 and
December 2022. The study enrolled patients following a
systematic and predefined procedure, which involved an
initial screening for clinical symptoms and diagnosis based
on the “Chinese Consensus on Diagnosis and Therapy of
Cerebral Small Vessel Disease 20217 (21).

MRI is a critical diagnostic tool for identifying WMH
and other SVD-related neuroimaging markers, and all the
enrolled patients underwent MRI scanning unless they
presented with contraindications. Following MRI, eligible
patients underwent a comprehensive baseline evaluation,
including clinical, neuropsychological, and physical
examinations. Information regarding sociodemographic
and disease-specific characteristics, cognition, and motor
function was gathered in face-to-face interviews.

Among the participants, 230 with SVD who met the
study criteria were enrolled in the current research. To be
eligible for inclusion in this study, the patients had to meet
the following inclusion criteria: be aged >18 years; and
have sufficient vision, hearing, and communication skills to
complete the assessment protocol. Patients were excluded
from the study if they met any of the following exclusion
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criteria: (I) had a walking inability; (II) had dementia other
than vascular dementia (diagnosed according to the Vascular
Behavioral and Cognitive Disorders criteria) (22), epilepsy,
a brain tumor, Parkinson’s disease, or any other significant
neurological disease; (III) recently (within 6 months) had a
lacunar infarct, brain trauma, or infection; (IV) had a severe
psychiatric disorder or intellectual disability; (V) had a non-
SVD-related WMH such as multiple sclerosis; and/or (VI)
had contraindications to MRI.

According to the requirements for pathological analysis,
it was calculated that a minimum sample size of 200 patients
was required for this study (23). The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). The Ethics Committee of The Third Affiliated
Hospital of Sun Yat-sen University approved the study (No.
[2021]02-285-01), and each participant provided informed
consent.

Demographic and clinical data

A self-designed questionnaire was administered to the
patients to collect their demographic information (e.g.,
age, gender, employment, education level, residence,
marital status, household income, and smoking and alcohol
consumption habits). The clinical data, including body
mass index (BMI), waist-to-hip ratio, serologic data [i.e.,
C-reactive protein (CRP) and interleukin-6 levels], and a
medical history of hypertension or diabetes mellitus, were
extracted from medical records.

Neuroimaging

MRI was performed using a 3.0-Tesla scanner (Discovery
MR750; GE Healthcare, Chicago, IL, USA); T1-weighted,
T2-weighted, and fluid-attenuated inversion recovery
(FLAIR) sequences were performed. The WMH burden
of each patient was determined based on their MRI results,
using the modified Fazekas scale (mild: Fazekas score =
0-1; moderate: Fazekas score = 2; and severe: Fazekas score
= 3) (24,25). The Fazekas scale is the tool most frequently
used to evaluate the WMH burden in clinical practice, and
it is a convenient, quick, and reliable visual rating scale
(26,27). The presence of other SVD markers, including
microbleeds, lacunes, and enlarged perivascular spaces, was
also documented as a categorical variable. The images were
evaluated by neurologists who were blinded to the patient
characteristics, and the radiologists’ reports were reviewed
and compared with the interpretation of the neurologists
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for consistency and concurrency.

Cognitive measures

The Beijing version of the Montreal Cognitive Assessment
(MoCA) (28) was used to evaluate the cognition of patients
with SVD. This assessment evaluates seven cognitive
domains (i.e., visuospatial and executive function, naming,
attention, abstraction, language, delayed memory, and
orientation). As the most widely used MoCA version in
mainland China, this form of cognitive assessment ensured
adequate internal consistency and validity (29). MoCA
scores vary from 0 to 30, with higher scores indicating
better cognitive function, and scores below 26 indicating
cognitive impairment (28).

Motor function assessment

Motor function was assessed using the Tinetti Gait and
Balance Scale (30) and the Short Physical Performance
Battery (SPPB) (31). The Tinetti Gait and Balance Scale
comprises 17 items, and has a maximum score of 28. On the
scale, nine items relate to body balance, including balance
while sitting, standing, turning around, and with eyes closed
(scores 0-16), and eight items relate to gait, including stride
length, height, symmetry, and continuity (scores 0-12).
The SPPB was used to evaluate balance, gait, strength,
and endurance. The scale comprises the following three
subtests: the standing balance test (which tests the ability
of the patient to stand with their feet together in side-by-
side, semi-tandem, and tandem positions); the 4-meter
walking speed test (on which a time to walk 4 meters of
>8.70 seconds is scored 1; a time of 6.21-8.70 seconds is
scored 2; a time of 4.82—6.20 seconds is scored 3; and a time
of <4.82 seconds is scored 4); and the repeated chair-stands
test (a time to rise from a chair and return to the seated
position five times of >60 seconds is scored 0; a time of
>16.70 seconds is scored 1; a time of 13.70-16.69 seconds is
scored 2; a time of 3.62-4.65 seconds is scored 3; and a time
of <11.19 seconds is scored 4). The total score ranges from
0 to 12. For both scales, higher scores indicate better motor
performance.

Statistical analysis

The data were analyzed using SPSS 25.0 IBM Corp.,
Armonk, NY, USA). The statistical tests were two-sided,

and P values <0.05 were considered statistically significant.
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Initially, all the participants were categorized into three
groups based on their WMH burden (mild, moderate, or
severe). The between-group differences were assessed using
a univariate analysis of variance followed by least significant
difference post-hoc tests for continuous variables, and
chi-square tests with Z-tests for categorical variables for
multiple comparisons. Next, the 7-test was used to compare
the Tinetti and SPPB scores of the cognitively unimpaired
versus impaired patients in the three WMH groups, and
a correlation analysis of cognition and motor function
was performed using Pearson’s correlation coefficient (7).
Finally, the mediation analyses were carried out with model
4 of PROCESS macro 3.5 (32) to test whether cognition
(as measured by the continuous MoCA scores) mediated
the relationship between WMH and motor function (as
measured by the continuous Tinetti scale/SPPB score). The
95% confidence intervals (Cls) of the coefficients for the
direct, indirect, and total effects were derived using bias-
corrected bootstrapping with 5,000 resamples, which are
significant if they do not contain zero. Age and presence
of other neuroimaging markers (recent small subcortical
infarcts, enlargement of perivascular spaces, cerebral
microbleeds, and brain atrophy) were controlled for as

covariates.

Results
Patient characteristics

For this study, 230 patients were enrolled, and nine were
excluded because their data had more than 20% missing
values. Thus, a total of 221 patients were included in the
final analysis. All the patients were divided into three groups
based on their WMH burden: 30.3% had mild WMH,
37.6% had moderate WMH, and 32.1% had severe WMH.

Table 1 sets out the demographic and clinical
characteristics of all patients and of the three WMH groups.
There were significant differences between the groups in
terms of age, employment, hypertension, BMI, waist-to-hip
ratio, and CRP values.

WMH, cognition, and motor function

Table 2 sets out the cognition and motor function results.
The results showed that increasing WMH burdens were
significantly associated with lower MoCA, Tinetti scale,
and SPPB scores. As Tiable 3 shows, across the three WMH
groups, the average Tinetti and SPPB scores were generally

© AME Publishing Company.

lower in patients with cognitive impairment.

The relationship between cognition and motor function

Table 4 summarizes the Pearson’s correlations between
cognition and motor function. Notably, lower MoCA
scores were significantly correlated with decreased Tinetti
scale and SPPB scores. Among the cognitive domains,
visuospatial and executive function, attention, language,
delayed memory, and orientation were primarily associated
with motor function.

Mediation

Multi-categorical mediation models were run to examine
whether cognition (as measured by the MoCA scores)
mediated the effects of the WMH burden (mild, moderate,
severe) on motor function (as measured by the Tinetti scale/
SPPB score) after adjusting for the covariates, using the
mild WMH group as the reference group.

Two points can be made regarding motor function
assessed through the Tinetti scale (Figure I). First, the
indirect path “moderate WMH — cognition — motor
function” was significant (B=-0.368, 95% CI: -0.751
to -0.031), while the direct effect was not significant.
Therefore, the total effect of moderate WMH versus mild
WMH on motor function was -0.368. Second, the indirect
path “severe WMH — cognition — motor function” was
significant (B=-1.414, 95% CI: -2.105 to -0.830), as was the
direct path “severe WMH — motor function” (B=-1.260,
95% CI: -2.375 to -0.146). Thus, the total effect of severe
WMH versus mild WMH on motor function was -2.674,
and the mediating effects accounted for 52.88%.

Equally, two points can be made in relation to motor
function, which was assessed using the SPPB (Figure 2).
First, the indirect path “moderate WMH — cognition —
motor function” was significant (B=-0.109, 95% CI: -0.257
to -0.003), while the direct path “moderate WMH —
motor function” was not significant. Therefore, the total
effect of moderate WMH versus mild WMH on motor
function was —0.109. Second, the indirect path “severe
WMH — cognition — motor function” and the direct path
“severe WMH — motor function” were both significant
(indirect effect B=—0.419, 95% CI: -0.745 to -0.112; direct
effect B=-1.166, 95% CI: -1.937 to -0.395). Thus, the
total effect of severe WMH versus mild WMH on motor
function was -1.585, and the mediating effects accounted
for 26.44%.
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Table 1 Characteristics of patients stratified by the WMH burden

Zhao et al. Cognition as mediator in SVD’s WMH-motor function link

Variable WMH burden Total sample Gr9up
Mild (n=67) Moderate (n=83) Severe (n=71) (n=221) comparisons (P)
Age, years 62.84+10.85 67.90+10.16* 70.69+9.05* 67.26+10.48 <0.001
Sex (male) 35 (52.2) 47 (56.6) 47 (66.2) 129 (58.4) 0.231
Employment 0.011
Employed 16 (23.9) 13 (15.7) 4 (5.6) 33 (14.9)
Retired/unemployed 51 (76.1) 70 (84.3)* 67 (94.4)" 188 (85.1)
Education level 0.207
Primary school or below 14 (20.9) 16 (19.3) 22 (31.0) 52 (23.5)
Secondary school 27 (40.3) 39 (47.0) 21 (29.6) 87 (39.4)
Higher education 26 (38.8) 28 (33.7) 28 (39.4) 82 (37.1)
Residence (urban) 55 (82.1) 67 (80.7) 65 (91.5) 187 (84.6) 0.141
Marital status (married) 63 (94.0) 76 (91.6) 64 (90.1) 203 (91.9) 0.701
Family per capita monthly income, yuan 0.955
<1,000 9 (13.4) 8(9.6) 8(11.3) 25 (11.3)
1,000-4,999 33 (49.3) 44 (53.0) 35 (49.3) 112 (50.7)
>5,000 25 (37.3) 31 (37.3) 28 (39.4) 84 (38.0)
Smoking 15 (22.4) 11 (13.3) 17 (23.9) 43 (19.5) 0.190
Drinking 3 (4.5) 1(1.2) 1(1.4) 5(2.3) 0.343
BMI, kg/m? 22.96+2.84 24.23+3.18" 23.98+2.81* 23.76+3.01 0.027
Waist-to-hip ratio 0.90+0.07 0.93+0.07* 0.94+0.06* 0.92+0.07 <0.001
CRP, mg/dL 1.58+1.48 2.17+2.24 4.18+8.48*" 2.63+5.16 0.007
Hypertension 35 (52.2) 62 (74.7) 52 (73.2) 149 (67.4) 0.006
Diabetes 15 (22.4) 21 (25.3) 20 (28.2) 56 (25.3) 0.737
Other imaging markers of SVD 29 (43.3) 28 (33.7) 33 (46.5) 90 (40.7) 0.242

Values are presented as the mean = standard deviation or number (percentage). *, P<0.05 vs. mild WMH; *, P<0.05 vs. moderate
WMH. Bolded P values indicate statistically significant group comparisons. WMH, white matter hyperintensity; BMI, body mass index;
CRP, C-reactive protein; SVD, small vessel disease; other imaging markers of SVD, the presence of microbleeds, lacunes, or enlarged

perivascular spaces on magnetic resonance imaging.

Discussion

This study revealed that the WMH burden is associated
with cognition and motor function in patients with SVD. A
mediation analysis further suggested that WMH contributes
to decreased motor function through cognitive processes.
In this study, the differences in age and hypertension
were significantly associated with WMH burden. This
is not surprising, as they have both been shown to be
risk factors for WMH in previous studies (33,34). The
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observed relationship between WMH and BMI, waist-
to-hip ratio, and CRP levels were also consistent with the
findings reported by Lampe et 4/. (35), who proposed a
mediation mechanism relating visceral obesity to WMH
through increases in levels of proinflammatory cytokines.
In relation to the possible pathological mechanism, Hilal
et al. (36) proposed that elevated CRP levels were signs of
atherosclerosis involving vascular occlusion, altered cerebral
autoregulation, and increased vascular permeability, leading
to WMH. However, published studies on this relationship
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Table 2 Characteristics of cognition and motor function stratified by the WMH burden

Scale/subscale (scores) Y burden Total sample Gr9up
Mild (n=67) Moderate (n=83) Severe (n=71) (n=221) comparisons (P)
MoCA total 25.54+4 11 23.29+5.21* 18.44+7.04*" 22.41+6.27 <0.001
Visuospatial and executive function 3.97+1.24 3.12+1.51* 2.89+1.82* 3.28+1.61 0.006
Naming 2.68+0.67 2.55+0.79 2.59+0.76 2.60+0.74 0.742
Attention 5.41+0.99 5.10+1.28 4.14+1.79°" 4.86+1.49 <0.001
Abstraction 1.46+0.73 1.31+0.85 0.95+0.86*" 1.23+0.84 0.018
Language 2.19+0.88 1.96+1.08 1.86+1.32 1.99+1.12 0.415
Delayed memory 2.11+1.81 1.94+1.77 1.39+1.62 1.80+1.75 0.140
Orientation 5.41+1.26 5.08+1.75 4.36+2.25* 4.93+1.86 0.032
Tinetti total 26.88+1.49 25.82+3.25 23.30+4.58*" 25.33+3.67 <0.001
Tinetti balance 15.45+1.00 14.92+1.92 13.56+3.06*" 14.64+2.29 <0.001
Tinetti gait 11.43+0.78 10.94+1.63 9.73+1.95*" 10.70+1.70 <0.001
SPPB total 8.01+2.22 7.05+2.32¢ 5.85+2.04*" 6.95+2.35 <0.001
Standing balance 2.86+0.73 2.66+0.80 2.28+0.71*" 2.60+0.78 <0.001
4-m walking speed 2.89+1.02 2.54+1.07* 2.06+1.04* 2.49+1.09 <0.001
Chair-stands 2.34+1.06 1.88+1.06* 1.54+0.95* 1.91+£1.07 <0.001

Values are presented as the mean + standard deviation. *, P<0.05 vs. mild WMH; T P<0.05 vs. moderate WMH. Bolded P values indicate
statistically significant group comparisons. WMH, white matter hyperintensity; MoCA, Montreal Cognitive Assessment; Tinetti, Tinetti

Balance and Gait Scale; SPPB, Short Physical Performance Battery.

Table 3 Motor function scores in cognitively unimpaired vs. impaired patients across three WMH groups

WMH burden Motor function Cognitive unimpairment Cognitive impairment Group comparisons (P)
Mild (n=67) Tinetti scores 27.38+0.92 26.27+1.82 0.021

SPPB scores 8.32+2.04 7.63+2.40 0.337
Moderate (n=83) Tinetti scores 27.50+0.72 24.76+3.75 <0.001

SPPB scores 7.63+1.91 6.69+2.49 0.151
Severe (n=71) Tinetti scores 26.31+1.97 22.62+4.73 0.014

SPPB scores 7.08+1.89 5.57+1.98 0.689

Values are presented as the mean + standard deviations. Bolded P values indicate statistically significant group comparisons. MoCA
scores below 26 denote cognitive impairment, scores of 26 or higher indicate cognitive unimpairment. WMH, white matter hyperintensity;
Tinetti, Tinetti Balance and Gait Scale; SPPB, Short Physical Performance Battery; MoCA, Montreal Cognitive Assessment.

have yielded conflicting results (37-39), highlighting the
need for further scrutiny in the obese population.
Consistent with the results of a previous study (40), we
found that global cognition significantly decreased as the
WMH burden increased. Notably, of the seven cognitive
domains evaluated by the MoCA, the WMH groups differed
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mainly in visuospatial and executive function, attention,
abstraction, and orientation. Qosterman et /. (41) showed
that WMH caused deficits in executive function, probably
by reducing the functional connectivity of the prefrontal
cortex with other (sub-)cortical regions. Meanwhile,
Yamanaka ez al. (42) suggested that the presence of WMH is
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Table 4 Correlations for cognition and motor function

Zhao et al. Cognition as mediator in SVD’s WMH-motor function link

Scale/subscale Tinetti total ~ Tinetti balance  Tinetti gait SPPB total Standing balance 4-m walking speed  Chair-stands
MoCA total

r 0.545 0.486 0.521 0.365 0.380 0.304 0.188

P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.006
Visuospatial and executive function

r 0.259 0.206 0.273 0.258 0.384 0.186 0.119

P 0.003 0.019 0.002 0.003 <0.001 0.039 0.187
Naming

r 0.126 0.098 0.138 0.084 0.167 -0.014 0.023

P 0.152 0.267 0.116 0.342 0.063 0.882 0.797
Attention

r 0.338 0.243 0.372 0.290 0.415 0.198 0.160

P <0.001 0.005 <0.001 0.001 <0.001 0.028 0.075
Abstraction

r 0.093 0.063 0.106 0.142 0.126 0.148 0.081

P 0.291 0.479 0.232 0.108 0.161 0.102 0.369
Language

r 0.237 0.248 0.173 0.251 0.267 0.237 0.165

P 0.007 0.004 0.049 0.004 0.003 0.008 0.066
Delayed memory

r 0.345 0.330 0.297 0.174 0.267 0.142 0.078

P <0.001 <0.001 0.001 0.048 0.003 0.117 0.386
Orientation

r 0.137 0.110 0.135 0.178 0.205 0.214 0.040

P 0.120 0.214 0.125 0.043 0.022 0.017 0.662

Bolded r (P) values indicate statistical significance. MoCA, Montreal Cognitive Assessment; Tinetti, Tinetti Balance and Gait Scale; SPPB,

Short Physical Performance Battery.

anatomically connected to medial temporal atrophy, which
in turn is associated with the manifestation of executive
dysfunction, potentially due to the disruption of neural
networks critical for executive processing. Additionally,
various studies have reported associations between WMH
and other cognitive domains (43-45).

In terms of motor function, similar to a previous
study (46), we observed a general decline in motor
performance in SVD patients with WMH. Further, motor
deterioration was more pronounced at severe WMH stages.
However, the patients obtained relatively higher scores on
the Tinetti scale than the SPPB, indicating that the former
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scale was less likely to detect motor decline in patients.
Additionally, based on the insignificant differences in the
Tinetti scale scores between the moderate WMH and mild
WMH groups, it appears that the Tinett scale might be less
effective at capturing the motor deficits that occur at earlier
stages of WMH. Thus, further clinical studies should be
conducted to assess the sensitivity and accuracy of these
scales in patients with SVD.

Overall, our results confirmed our research hypothesis
that a correlation exists between cognition and motor
function in SVD patients, which is also consistent with
previous research findings (46). Notably, our findings also
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Moderate WMH

Severe WMH

Motor
function

Figure 1 Cognition mediates the relationship between WMH and motor function (Tinetti scale). *, P<0.05; **, P<0.01. The WMH
variables consisted of two dummy coded levels: moderate WMH and severe WMH, with the mild WMH group as the reference; cognition

was evaluated by the MoCA; motor function was evaluated by the Tinetti Gait and Balance Scale. Solid-lined curves represent statistically

significant results, while dotted-line curves indicate non-significant results. Tinetti, Tinetti Balance and Gait Scale; WMH, white matter

hyperintensity; MoCA, Montreal Cognitive Assessment.

Moderate WMH

Severe WMH

Motor
function

Figure 2 Cognition mediates the relationship between WMH and motor function (SPPB). *, P<0.05; **, P<0.01. Motor function was

evaluated by the total scores of the SPPB. Solid-lined curves represent statistically significant results, while dotted-line curves indicate non-

significant results. WMH, white matter hyperintensity; SPPB, Short Physical Performance Battery.

indicated that the cognitive domains of visuospatial and
executive function, attention, language, delayed memory,
and orientation were mostly linked to motor function.
A study of patients with Parkinson’s disease (43) showed
that WMH in the left temporal area was significantly
associated with falls, potentially because of deficits in
memory, navigation, orientation, and so on. Therefore, the
relationship between cognitive domains and motor function,
and consequently falls, should be examined in further SVD
studies.

In relation to the mediation analysis, unlike Bolandzadeh
et al’s (47) and Zheng er al.’s (48) models of community
adults, we included the overall evaluation of gait and

© AME Publishing Company.

balance as the motor outcome variable and proposed global
cognition as the mediator in patients with SVD, not only for
walking speed or parts of cognitive domains. To investigate
the indirect effects in two models, we took the mild WMH
group as the reference group and found that patients with
moderate and severe WMH had worse cognitive function
and, concomitantly, impaired motor control. First, the
disruption of interconnected neuronal pathways due to
WMH in cerebral regions critical for both cognition and
motor function may contribute to the observed relationship;
for example, the decreased activity in the frontal and
cingulate cortex areas, triggered by WMH, may impair the
frontostriatal circuits and other essential neural pathways,
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thereby negatively impacting both cognitive and motor
function (49).

Further, it should be noted that the total effect of
moderate WMH on motor function became insignificant
after adding cognition to the models. This finding suggests
that cognitive impairment, rather than the severity of
WMH alone, is the primary driver of motor dysfunction
in this context. Cai et a/’s (8) study supported this notion,
highlighting the essential mediating role of cognition
between the brain’s structural network efficiency and gait in
SVD patients.

Several possible mechanisms may link cognitive decline to
motor dysfunction; for example, reduced attentional resources
due to cognitive decline may negatively affect an individual’s
motor coordination and ability to perform tasks requiring
divided attention (9). Additionally, impaired executive
function linked to WMH may disrupt the planning and
initiation of complex motor tasks, as these cognitive processes
are integral to motor control (20,38). Li ez a/. (20) suggested
that visuospatial dysfunction, impairing the ability to perceive
and navigate the environment, can lead to gait disturbances.
Moreover, cognitive impairments may also affect the capacity
for motor recovery and adaptation following neurological
injury or disease, as cognitive resources are necessary for
rehabilitation processes (50). Therefore, when investigating
motor disturbances in patients with SVD, the underlying
cognitive pathway that links WMH and motor function must
be considered. Additionally, consideration should be given to
whether training focusing on executive function, attention,
language, delayed memory, and orientation mitigates motor
dysfunction.

Limitation of the study

This study had several limitations. First, while its single-
center and cross-sectional design increased its internal
validity, they also limited the representativeness of the
sample, which is subject to cross-lag effects over time.
Therefore, further research should include multicenter
longitudinal studies. Further, given the potential for non-
causal associations and bidirectionality in the relationship
between cognitive and motor functions, further research
should delve into their intricate interplay in this context.
Second, the Fazekas scale is a simple and reliable method
of WMH classification commonly used in clinical practice;
however, this method may still be interpreted as conservative
when compared to quantitative volumetric measures.
Therefore, studies using alternative quantitative measures
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for WMH should be conducted to corroborate the findings
of this investigation. Additionally, the regional distribution
of WMH and its potential differential effects on cognitive
and motor functions require further investigation. Finally,
Alzheimer’s disease (AD) patients were excluded from this
study to concentrate on vascular cognitive impairment;
however, given the potential pathophysiological overlap, the
absence of any assessment of AD biomarkers represents a
limitation of this study. Future studies should seek to assess
AD biomarkers to gain a more nuanced understanding of
the underlying mechanisms.

Conclusions

This study showed that WMH is associated with motor
dysfunction, and this association is mediated by cognitive
function in patients with SVD. These findings highlight
the importance of considering early cognitive function in
the assessment and management of motor dysfunction in
patients with SVD. Further, our results appear to suggest
that therapies targeting cognitive function to reduce motor
dysfunction risk may be effective in improving outcomes for
these patients.
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