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Abstract

Background: To investigate changes in gait performance over time and how these changes are associated with the decline in structural network 
efficiency and cognition in older patients with cerebral small vessel disease (SVD).
Methods: In a prospective, single-center cohort with 217 older participants with SVD, we performed 1.5T MRI scans, cognitive tests, and gait 
assessments evaluated by Timed UP and Go (TUG) test twice over 4 years. We reconstructed the white matter network for each subject based 
on diffusion tensor imaging tractography, followed by graph-theoretical analyses to compute the global efficiency. Conventional MRI markers 
for SVD, that is, white matter hyperintensity (WMH) volume, number of lacunes, and microbleeds, were assessed.
Results: Baseline global efficiency was not related to changes in gait performance, while decline in global efficiency over time was significantly 
associated with gait decline (ie, increase in TUG time), independent of conventional MRI markers for SVD. Neither baseline cognitive 
performance nor cognitive decline was associated with gait decline.
Conclusions: We found that disruption of the white matter structural network was associated with gait decline over time, while the effect of 
cognitive decline was not. This suggests that structural network disruption has an important role in explaining the pathophysiology of gait 
decline in older patients with SVD, independent of cognitive decline.
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Cerebral small vessel disease (SVD) is prevalent in the older popula-
tion and is associated with cognitive decline and gait impairment (1). 
Gait impairment is clinically important, as it predicts adverse clinical 
events, including falls, functional dependence, and death (2–4). Despite 
its importance in these clinical outcomes, the underlying causes of gait 
impairment in SVD patients are incompletely understood.

A potential mechanism is that SVD affects the microstructural 
integrity of white matter tracts, and therefore disrupting structural 
network efficiency, required for optimal information processing and 
integration in motor tasks (1,5,6). Diffusion tensor imaging (DTI) 
followed by tractography can be applied to construct structural 
networks (6,7). Using this approach, some studies have shown that 

lower structural network efficiency is related to worse gait perform-
ance in patients with SVD (8,9). Also, structural network disrup-
tion is associated with reduced cognitive performance and decline 
(5,10). The strong relation between cognitive performance and gait 
may be another explanation for gait impairment in patients with 
SVD (11–13). We previously demonstrated that the relation between 
structural network efficiency and gait performance was indeed me-
diated by cognitive functioning in patients with sporadic SVD at 
cross-sectional level (14). However, it is still not clear whether struc-
tural network efficiency can predict gait decline, and whether this re-
lation is mediated by cognitive decline over time. Longitudinal data 
are needed to provide stronger support for the causal mechanisms 

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0003-0927-2558
mailto:Anil.Tuladhar@radboudumc.nl?subject=


of cognition and structural network efficiency in explaining gait de-
cline in SVD.

We, therefore, investigated in this study whether baseline struc-
tural network efficiency and cognitive performance predicts gait 
decline. In addition, we examined whether decline in structural net-
work connectivity is associated with gait worsening in patients with 
SVD over 4 years and whether this is mediated by cognitive decline. 
Based on our cross-sectional findings, we hypothesized that change 
in cognition over time would mediate the relation between change in 
structural network efficiency and gait decline in patients with SVD.

Materials and Methods

Study Population
This study is a part of the Radboud University Nijmegen Diffusion 
Tensor and Magnetic resonance Cohort (RUN DMC) study, an on-
going longitudinal prospective single-center study that aims to investi-
gate the risk factors and clinical consequences of sporadic SVD among 
the older. A detailed description of the patient recruitment and study 
rationale of the RUN DMC study has been described in the study 
protocol (15). Baseline data collection was performed in 2006, with 3 
follow-ups (2011, 2015, and 2020). Due to the MRI upgrade between 
2006 and the first follow-up (2011), we only included participants 
with data available from 2011 and 2015, who were scanned with 
identical MR scanners and protocols. Of the 503 baseline patients in 
2006, 281 underwent repeated MRI assessment in 2011 and 2015. 
Additional 64 patients were excluded due to: (1) territorial infarcts 
present on imaging in 2011 and 2015, as these infarcts are considered 
potential confounders for gait performance (n = 31); (2) gait-related 
disorders other than SVD (eg, polyneuropathy, arthrosis in lower ex-
tremities, musculoskeletal constraints, lumbar disc herniation, parkin-
sonism) (n = 15); (3) MRI artifacts (n = 9); (4) missing data on gait 
(n = 8); (5) missing data on cognition (n = 1). This brought the final 
sample size for analysis in our study to 217 (Figure 1).

In this study, we will refer to the 2011 assessment as “baseline” 
and the 2015 assessment as “follow-up.” The Medical Review Ethics 

Committee Region Arnhem–Nijmegen approved the study and all 
participants gave written informed consent.

Cardiovascular Risk Factors
We assessed the presence of hypertension, smoking, diabetes mel-
litus, and hypercholesterolemia by using standardized assessments 
and structured questionnaires (15).

Gait Assessment
Gait performance was assessed using the Timed Up and Go (TUG) 
test (16). The mean time (seconds) and the number of steps from the 
3 repetitive TUG tests were used for analyses. Gait impairment was 
defined as TUG time > 12 seconds (17).

Neuropsychological Assessments
For each participant, we calculated an z-score for cognitive index as a 
measure of global cognitive functioning. Briefly, this was calculated as 
the mean of the z-scores of the Speed-Accuracy Trade-Off (SAT) score, 
the mean of the 1-letter subtask of the Paper-Pencil Memory Scanning 
Task (PPMST) (18), the mean of the Symbol-Digit Substitution 
Task (SDST) (19), the mean of the SAT score of the reading task of 
the Stroop test (19), the mean of the added score on the 3 learning 
trials, and the mean of the delayed recall of the Rey Auditory Verbal 
Learning Test (RAVLT) (20). We also constructed z-scores specifically 
for executive function and psychomotor speed, since these two cog-
nitive domains are primarily affected in SVD and were found to have 
stronger associations with gait than other cognitive domains (14).

Executive function was evaluated as the mean of the z-scores 
of the verbal fluency task, the Verbal Series Attention Test, and 
the interference score of the Stroop Test, while the interference 
score of the Stroop Test was calculated by dividing the SAT scores 
of color-word task by the mean of the reading and color naming 
tasks of the Stroop Test. Psychomotor speed was calculated as the 
mean of the  z-scores of the SAT score of the 1-letter subtask of 
the PPMST, the mean of the SAT score of the reading subtask of 
the Stroop test, and the mean of the SDST. To account for possible 
material-specific practice effects, parallel versions of the RAVLT, 
RCFT and verbal fluency test were used for the follow-up assess-
ment in 2015.

Performance across tests are made comparable by transforming 
the raw test scores into z-scores (individual test score minus mean 
test score, divided by the standard deviation). Z-scores of individ-
uals in 2011 and 2015 were calculated using the mean and SD 
of the baseline (2011) study population. Higher z-scores indicate 
better cognitive performance. Changes in cognition over time were 
calculated for each participant individually, by subtracting scores 
in 2011 from the follow-up scores in 2015.

MRI Protocol
MR images were acquired on a single 1.5 Tesla scanner (Siemens, 
Magnetom Avanto). The protocol consisted of the following whole-
brain scans: T1-weighted 3D Magnetization Prepared RApid 
Gradient Echo (MPRAGE) sequence (TR/TE/TI: 2250/2.95/850 ms, 
isotropic voxel size: 1.0 mm3), Fluid-attenuated inversion recovery 
(FLAIR) (TR/TE/TI: 14240/89/2200  ms, voxel size: 1.2  × 1.0  × 
2.5  mm, interslice gap 0.5  mm), T2*-weighted gradient echo se-
quence (voxel size: 1.3 × 1.0 × 5.0 mm; interslice gap 1.0 mm), and 
a DTI sequence (TR/TE: 10200/95, isotropic voxel size: 2.5 mm3), 
7 unweighted scans, 61 diffusion-weighted scans at b = 900 s/mm2. 
Full acquisition details have been described previously (21).

Baseline study population
                 n = 503

·Deceased (49)
·Lost to follow-up (2)
·Unable to visit research center (54)
·MRI contra-indications (37)
Note: these paricipants who were alive were again 
contacted for follow-up in 2015.

·Unable to visit research center (65)
·MRI contra-indications (50)

·MRI scan in 2011, not in 2015 (15)

·Participants deceased (43)

Follow-up 1 (2011)
participants with MRI, n=361

Participants eligible for 
follow-up 2 (2015), n=411

Follow-up 2 (2015)
participants with MRI, n=296

Participants with MRI
in 2011 & 2015, n=281

Participants for analysis 
in 2011 & 2015, n=217

·Territorial infarcts in 2011 and 2015 (31)
·Conditions related to gait impairment
except SVD in 2011 and 2015 (15)
·MRI artifacts (9) 
·Missing data on gait (8) 
·Missing data on cognition (1)

Figure 1. Flow chart of the study population. Given the scanner upgrade between 
2006 and 2011, we only included the study population from 2011 and 2015.
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Conventional MRI Markers of SVD
The rating of SVD-markers was based on the STandards for 
ReportIng Vascular changes on nEuroimaging (STRIVE) criteria 
(22). WMH was segmented semiautomatically using FLAIR and 
T1 sequences as described previously (23). All segmentations 
were visually inspected for segmentation errors by 1 trained 
rater, who was blinded for clinical data. WMH volumes were 
normalized to intracranial volume. Lacunes were manually rated 
on T1-weighted and FLAIR images, and microbleeds on the T2*-
weighted images. These markers (WMH, lacune, microbleeds) 
were rated by 2 trained raters, followed by a consensus meeting. 
Inter and intra-rater reliability were excellent (24). Gray matter 
volume (GMV) and white matter volume (WMV) were calcu-
lated employing Statistical Parametric Mapping 12 (SPM, https://
www.fil.ion.ucl.ac.uk/spm). SPM12 unified segmentation on T1 
sequences and was computed by summing all voxels belonging to 
tissue class multiplied by voxel volume (mL). Total brain volume 
was calculated by summing GMV and WMV.

DTI Analysis
Local principal component analysis filter was used to denoise 
the raw diffusion weighted data (25). We corrected for cardiac 
and head motion as well as eddy currents by using the PATCH 
(Patching ArTefacts from Cardiac and Head motion) algorithm 
as reported previously (26). This well-established method was 
shown to be robust and sensitive to detect and correct the most 
frequently occurring DWI artifacts with excellent performance. 
Susceptibility distortions were unwrapped by normalizing the im-
ages to the T1 images in the phase-encoding direction via SPM12. 
We then used FMRIB Software Library (FSL) to extract brain 
tissue and calculate the diffusion tensor (27) and an in-house 
software to conduct whole-brain deterministic tractography by 
seeding from a 0.5 mm3 grid, with streamlines terminated when 
the angle between principal eigenvectors > 40° or fractional an-
isotropy (FA) < 0.2 (5).

Structural Network Construction
We parcellated each brain into 45 regions per hemisphere using 
the Automatic Anatomical Label (AAL) template (28). Cerebellar 
regions were excluded since the tractography technique employed 
in this study is unsuitable for tracing cerebellar connections. 
T1-weighted images were linearly registered to the b0-image by 
FMRIB’s Linear Image Registration Tool (FLIRT, part of FSL) (29) 
and nonlinearly registered to the Montreal Neurological Institute 
(MNI) 152 template using Advanced Normalization Tools (ANTs) 
(30). These transformations were combined to register the AAL tem-
plate to each subject’s diffusion space.

Connectivity weights were ascribed to edges to capture informa-
tion about connection strength. Edge weights (Wij) were computed for 
each edge based on the lengths (in mm), l of the set of N streamlines 

with endpoints terminating in each pair of nodes i and j, Wij =
1
2

N∑
m=0

1
lm

,  

modified from Hagmann et al. (31). This includes a scaling factor to 

correct for the number of seeds per millimeter.
This weighting technique has the benefit of simple inter-

pretation, that is, Wij represents the seeding-corrected number 
of unique streamlines passing between i and j.  Edges were 
thresholded at Wij = 1 to minimize noise-related false positives 
(10). This resulted in a weighted 90×90 connectivity matrix for 
each individual.

Network Measures
We used the brain connectivity toolbox (http://www.brain-
connectivity-toolbox.net) to compute graph-theoretical measures. 
Efficiency between two regions (nodes) is defined as the inverse 
length of the shortest path between them, reflecting the ease with 
which pairs of regions communicate. Global efficiency reflects inte-
gration over the entire network and is estimated by averaging effi-
ciency for all node pairs (32).

Statistical Analyses
Clinical and imaging characteristics of participants are presented as 
mean ± SD for normally distributed data, median, and interquar-
tile ranges (IQR) for the skewed distributed parameters. Normalized 
WMH volume was log-transformed to obtain normal distribution. 
Changes in gait, cognition, and neuroimaging characteristics were 
compared by using a paired t-test, Wilcoxon signed-rank test, or 
McNemar test when appropriate.

To examine the longitudinal relation between structural brain 
metrics (ie, total brain volume and WMH volume) and change in 
global efficiency, we used multiple linear regression, adjusted age, 
sex, follow-up duration (time between baseline and follow-up assess-
ment), and baseline global efficiency.

First, we performed multivariable linear regression to inves-
tigate whether baseline global efficiency and cognitive index were 
associated with changes in gait, respectively. Second, we performed 
multivariable linear regression to investigate the relation between 
change in global efficiency and change in gait. Third, we exam-
ined whether change in cognition predicted change in gait also via 
multivariable linear regression. Adjustments were made for the 
following potential confounders: age, gender, height, follow-up 
duration, baseline TUG test variables (to account for baseline gait 
performance) (Model 1), and additionally with baseline conventional 
SVD markers, that is, WMH, lacunes, and microbleeds (Model 2).

We calculated the variance inflation factor (VIF) in multiple 
linear regression models to evaluate the degree of multicollinearity. 
VIF was low (< 3) in all multiple regression models. Given VIF >5 
is considered as high multicollinearity, we, therefore, concluded that 
the multicollinearity was not present (33).

To ensure that the regression results were robust and not driven 
by outliers, they were identified with the Bonferroni outlier test 
(“outlierTest” from “car” package in R) and excluded from regres-
sion analyses (10 subjects were found) (34). The Bonferroni outlier 
tests use a t distribution to examine whether the model’s largest 
studentized residual value’s outlier status is statistically different 
from the other observations in the model.

Two-tailed p-values <.05 were considered statistically significant. 
Correction for multiple testing was performed using the Bonferroni 
method. All statistical analyses were carried out in R, version 3.5.1 
(https://www.rproject.org/).

Results

Progression of Gait, Cognition, and Neuroimaging 
Measures
Baseline characteristics for the study population (n  =  217) were 
shown in Table 1. The mean age of total population was 66.9 years 
(SD 7.4); 56.6% were men. Both TUG time and the number of steps 
significantly increased over time. The number of participants with 
impaired gait significantly increased at follow-up (12.4%) compared 
to the baseline (4.6%). Cognitive index and psychomotor speed 
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significantly decreased at follow-up compared with baseline, while 
executive function did not change. We found a nonsignificant de-
crease in global efficiency during the follow-up, while there was a 
significant increase in WMH volume, presence of lacunes, and a sig-
nificant decrease of total brain volume over time (Table 2). Of note, 
change in WMH volume and brain volume did not predict change in 
network efficiency (Supplementary Table 1).

Association Between Global Efficiency and 
Gait Decline
Baseline global efficiency did not predict changes in gait over time 
as operationalized by TUG time and step numbers, adjusted for the 
potential confounders. A decline in global efficiency over time was 
associated with longitudinal changes in TUG time (gait worsening), 
independent of the potential confounders, but not with change in the 
number of steps (Figure 2, Table 3). Change in global efficiency ex-
plained 3% of variance in TUG time change, on top of SVD markers 
(Supplementary Table 2). In the post-hoc analysis, we applied fixed 
network density thresholded at 5%–10%, the results remained 
similar (data not shown).

Association Between Cognition and Gait Decline
We found that baseline cognitive index was not associated with 
change in TUG time and number of steps, adjusted for confounding 
variables. Furthermore, decline in cognitive index as well as in ex-
ecutive function and psychomotor speed was not associated with 
change in TUG time and number of steps (Supplementary Table 3).

The lack of the association between decline in global efficiency 
(predictor) and decline in cognitive function (mediator) prevented 
us from investigating a possible mediating effect of cognitive decline 
in the relation between change in global efficiency and gait decline.

Discussion

In this prospective study, we showed that decline in structural net-
work efficiency independently predicted decline in gait performance 
over a 4-year follow-up in older individuals with SVD. These findings 
suggest that structural network disruption may have an important 
role in the pathophysiology of gait decline over time, whereas we 
did not find an effect of baseline cognitive performance and decline 
on gait decline.

Our findings showing associations between decline in global 
efficiency and decline in gait performance complement previous 
cross-sectional studies (14,35), and they further corroborate the hy-
pothesis that gait decline may be attributable to the disruption of 
the structural network over time. A potential explanation could be 
that the cumulative effect of the spatially distributed SVD lesions 
(ie, SVD MRI markers) and loss of microstructural integrity in the 
normal-appearing white matter (34,35,36) predispose the brain to 
the disruption of white matter structural network. Given structural 
network efficiency was an integrated and sensitive marker to cap-
ture MRI visible and invisible lesions/pathologies and gait perform-
ance is highly dependent on widespread inter-connected cerebral 
networks (1,37), disrupted structural network could contribute to 
gait worsening over time. Besides, we found that volumetric changes, 
that is, WMH and total brain volume, did not predict change in net-
work efficiency, thereby providing stronger evidence that network 
efficiency is related to gait longitudinally, independent of volumetric 
changes. Furthermore, other studies in older population, although 
cross-sectionally, demonstrated that network efficiency was associ-
ated with sensorimotor performance (9,38,39). Taken together, these 
findings validate the role of network efficiency in motor performance.

Our previous cross-sectional study showed that the relation be-
tween network efficiency and gait was mediated by cognition (14). 
Of note, cognition only has a partial mediation role, suggesting that 
network efficiency has the effect on gait performance not through 
cognitive decline. Thus, other unobserved/uninvestigated mechan-
isms may be at play as well. This was further confirmed by the fact 
that the explained variance of change in network metrics for gait 
decline is limited (3%). This finding, from another perspective, pro-
vides supportive information that other noncognitive contributors 

Table 2. Comparison of Gait, Cognitive, and Neuroimaging Measures at Baseline (2011) and Follow-up (n = 217)

Gait and Cognitive Measures Baseline (2011) Follow-up (2015) p-value

TUG time, seconds (mean [SD]) 9.14 (1.60) 10.07 (1.76) <.001
TUG steps, n (mean [SD]) 12.42 (1.70) 13.66 (2.09) <.001
 Gait impairment, n (%) 10 (4.6) 27 (12.4) <.001
Cognitive index (mean [SD]) 0.28 (0.65) 0.23 (0.68) .015
Executive function (mean [SD]) 0.24 (0.70) 0.22 (0.69) .445
Psychomotor speed (mean [SD]) 0.32 (0.74) 0.27 (0.76) .022
Neuroimaging measures
Global efficiency (mean [SD]) 10.68 (2.26) 10.60 (2.39) .166
WMH, mL (median [IQR]) 2.50 [1.14, 6.53] 3.85 [1.76, 9.20] <.001
Lacunes presence, n (%) 26 (12.0) 48 (22.1) <.001
Microbleeds presence, n (%) 38 (17.5) 48 (23.0) .067
TBV, mL (mean [SD]) 1 096.38 (123.09) 1 074.54 (125.78) <.001

Notes: Data represent number of participants (%), mean ± SD or median (IQR). TBV = total brain volume; WMH = white matter hyperintensity.

Table 1. Baseline (2011) Characteristics of the Study Population 
(n = 217)

Demographics Baseline

Age, years (mean [SD]) 66.90 (7.4)
Sex, male (%) 123 (56.6)
Education, years (mean [SD]) 5.11 (1.19)
Vascular risk factors  
Hypertension, n (%) 163 (75.1)
Diabetes, n (%) 20 (9.2)
Hypercholesterolemia, n (%) 92 (42.4)
Smoking ever, n (%) 35 (16.1)
BMI, kg/m2 (mean [SD]) 27.5 (4.1)

Notes: Data represent number of participants (%), mean ± SD. BMI = body 
mass index.
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may be involved. For instance, age-related brain comorbidities 
and decline in sensory input is likely to lead to gait decline with 
advancing age (12,13).

It should be noted that the mediation role of cognitive decline 
was not found longitudinally. A recent study showed that greater de-
cline in network global efficiency predicted global cognitive decline 
in SVD population (10), which we did not observe in our study. The 
lack of association between decline in global efficiency and decline 
in cognitive function may be explained by the fact that there are po-
tential contributors to cognitive decline in SVD patients that cannot 
be captured by the change of global efficiency based on diffusion 
tensor tractography. These contributors could include, for example, 
disruption of microstructural integrity at strategic location of the 
white matter, cortical atrophy, decline in functional connectivity, and 
contribution of neurodegenerative pathologies in SVD patients (37).

In this study, we did not find longitudinal associations between 
cognitive decline and gait decline, although both gait and cognitive 
performance worsened over time, suggesting these two are not caus-
ally related. Our longitudinal findings are in contrast to other studies 
that found cognitive decline to predict gait decline over time in an 
older community-dwelling population (40,41). However, our study 
was different from theirs in terms of study design, approaches to as-
sess gait parameters and cognition, and in study population (ie, their 
high-functioning older individuals and non-SVD based compared 

to our SVD-specific patients). There are several explanations for 
the lack of a longitudinal association in our study. First, cognition 
and gait might have different rates of decline over time, therefore 
their progression might vary considerably across individuals over 
time (6,42). Second, the presence of brain pathologies (eg, SVD and 
neurodegeneration) may have a differential impact on gait problems 
and cognitive deficits. Since the involved brain structures may have 
different contributions to gait and cognition, changes in cognition 
may not be related to changes in gait in a time-dependent fashion 
(43,44). Third, the effect of cognitive functioning on gait perform-
ance becomes more prominent in the presence of age-related subclin-
ical comorbidities (ie, sarcopenia and joint problems) with a strategy 
of cognitive compensation (14). One can speculate that this compen-
satory effect on gait performance might decrease with more severe 
cognitive decline and dementia (45). This could explain the reasons 
that additional cognitive decline is not related to further gait decline.

In our previous cross-sectional study, we found that cognition has 
a mediation effect between network efficiency and gait performance 
in SVD cross-sectionally (14). This explanatory mediation frame-
work could help put into perspective the inter-connected relation be-
tween structural network efficiency, cognition, and gait performance. 
However, the lack of association between cognitive decline and gait 
decline indicates that temporal changes of cognitive function cannot 
explain the relation between network efficiency and gait decline over 
time. Therefore, more attention is warranted when explaining the 
relation between network efficiency, cognition, and gait.

Strengths and Limitations
Major strengths of the study were the large cohort of participants 
covering a wide range of SVD spectrum. Participants with gait prob-
lems caused by other diseases than SVD were excluded. SVD was 
rated according to standardized procedures to minimize the risk of 
misclassification. Furthermore, our longitudinal neuroimaging data 
were consistent, since they were acquired from the same scanner 
without upgrade or change over the whole follow-up period.

Methodological limitations should be considered regarding 
structural networks derived from deterministic diffusion tensor 
tractography, although it has been shown that the reconstruc-
tion approach and structural network measures were reliable and 
reproducible (46). We have acquired relatively low-resolution 
images and the tractography algorithm might have the limited cap-
acity to detect longer fibers and the inability to resolve crossing/
kissing fibers. However, the streamlining algorithm is robust and 
computationally inexpensive to identify major white matter tracts 
(47). Another methodological limitation was that DTI acquisi-
tion with low b-values and deterministic tractography may be 

Figure 2. Longitudinal associations between global efficiency and TUG time 
(β= -0.22; p-value=0.017). Values on x- and y-axis denote the change between 
baseline and follow-up in global efficiency and TUG time respectively. Beta 
and p-values were obtained from the linear regression model adjusted for 
age, sex, height, follow-up duration, baseline TUG time, number of lacunes 
and microbleeds, white matter hyperintensity volume and total brain volume.

Table 3. Associations Between Global Efficiency and Change in Timed Up and Go Test Parameters

Change in TUG Parameters Δ TUG Time Δ TUG Step

  Model 1 Model 2 Model 1 Model 2

Baseline GE β [95% CI] 0.10 [−0.05, 0.24] 0.28 [0.09, 0.46] −0.05 [−0.21, 0.10] 0.05 [−0.15, 0.25]
p-value .201 .302 .504 .606

ΔGE β [95% CI] −0.15 [−0.28, −0.02] −0.15 [−0.29, −0.02] −0.06 [−0.20, 0.08] −0.07 [−0.21, 0.07]
p-value .026 .021 .405 .348

Notes: GE = global efficiency; Data present standardized estimates [95% confidence interval] with corresponding p-values after Bonferroni correction for mul-
tiple comparisons (ie, two).

Model 1: adjustment for age, sex, height, follow-up duration, baseline TUG test parameters (i.e., time or number of steps).
Model 2: additional adjustment for number of lacunes and microbleeds, white matter hyperintensity volume and total brain volume.

Full color version is available within the online issue.
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influenced by motion artifacts. Although the PATCH algorithm 
is accurate and robust to correct motion artifacts, the DTI results 
may still be driven by residual motion artifacts. High-resolution 
imaging and more advanced tractography algorithms together 
with careful examination of motion artifacts and detailed gait 
assessment are warranted to provide more exhaustive informa-
tion about white matter networks and gait performance in fu-
ture studies. Furthermore, in the present study, we used the TUG 
test to evaluate gait performance longitudinally. We were unable 
to utilize GAITRite to assess spatial-temporal parameters of the 
gait, since GAITRite assessment was not performed in 2015. The 
steady-state gait performance evaluated by the TUG test may not 
be as precise as GAITRite, given the influence of all TUG com-
ponents (eg, sit-to-stand, stand-to-sit) on the gait performance. 
However, previous studies have shown that the TUG test is reli-
able and valid for quantifying gait functioning in the older popu-
lation and shorter TUG time is highly correlated with faster gait 
speed (16,48). In addition, TUG test has been widely used in SVD 
study, demonstrating that it is a valid approach for SVD popula-
tion to quantify gait performance (49,50).

Conclusion

In conclusion, decline in structural network efficiency was associated 
with decline in gait performance in older individuals with cerebral 
SVD, while decline in cognitive functioning has no predictive effect on 
gait worsening. Our study highlights that the importance of disrupted 
white matter network connectivity in explaining gait-related mech-
anisms in older patients with SVD, independent of cognitive decline.
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