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Objective: Cerebral small vessel disease (CSVD) is associated with gait and balance deficits in older adults. However, the effect of CSVD-related brain injury on post-stroke mobility is unknown. This study aimed to investigate the association of CSVD with gait and balance impairment after a minor stroke.

Methods: A total of 273 patients with a minor stroke (NIHSS ≤ 5 points) who were hospitalized at the Affiliated Hospital of Qingdao University were enrolled. The manifestations of white matter hyperintensities (WMH), lacunes, enlarged perivascular spaces (EPVS), and cerebral microbleeds (CMB) were statistically analyzed according to magnetic resonance imaging results, and the total burden score of CSVD was calculated. Gait function was assessed by a 6-m walking speed test, and balance function was assessed by the timed-up-and-go (TUG) test. Linear regression analysis was applied to determine the association after adjusting for key variables.

Results: The correlation results showed that in patients with minor stroke, age, sex, smoking history, and the infarct site were associated with gait speed, and age and the infarct site were associated with the TUG test. In the univariate linear regression model, periventricular white matter hyperintensities (PVWMH), deep white matter hyperintensities (DWMH), and the total burden of CSVD were correlated with gait speed, while only PVWMH correlated with the TUG test. After adjusting for confounders, only PVWMH were independent predictors of gait speed (β = −0.089, p < 0.05) and the TUG test (β = 0.517, p < 0.05).

Conclusions: Our study confirmed that CSVD is associated with gait and balance disorders after a minor stroke. PVWMH are independent predictors of gait and balance disorders in patients with minor stroke. These findings should be confirmed in larger prospective studies.
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Introduction

Cerebral small vessel disease (CSVD) is a pathological process in cerebral arterioles, capillaries, and venules caused by a variety of factors. It manifests in magnetic resonance imaging (MRI) as white matter hyperintensities (WMH), microbleeds (CMB), lacunes, and enlarged perivascular spaces (EPVS) (1, 2). CSVD is common in elderly individuals, and gait and balance disorders are the second most common problem in CSVD after cognitive impairment (3, 4). Gait and balance disorders can lead to falls and functional dependence, increasing the risk of hospitalization and death (5, 6). Previous studies have shown that gait and balance disorders are associated with individual MRI features of CSVD, such as WMH and CMB (7–9). Painter et al. (10) first explored and showed a correlation between the total burden of CSVD and gait impairment in 2017.

Minor ischemic stroke is an ischemic stroke in which the symptoms are only mild neurological deficits (11). A prospective cohort study showed that minor ischemic stroke is the most common form of ischemic cerebral artery disease, accounting for up to 35% of cases, and it has a 3-month recurrence rate of 19% (12). A study showed that 25–50% of patients with minor ischemic stroke have varying degrees of disability at 90 days of onset (13). The functional impairment caused by minor stroke is often ignored due to its mild symptoms, short duration, and limited rehabilitation and follow-up treatment. Therefore, its prognosis should be considered. Previous studies have shown that CSVD is associated with worse functional outcomes after stroke (14–16). The association between CSVD and gait and balance function impairment after stroke is unknown. Only one study reported that the total burden of CSVD was not associated with gait and balance after minor stroke (17).

In this study, we obtained objective assessments of gait and body balance using the 6-m walking speed test and the timed-up-and-go (TUG) test to investigate whether individual imaging markers of CSVD and the total burden can independently be used to predict gait and balance impairment in patients with minor stroke.



Materials and methods


Research subjects

The inpatient data of patients with acute stroke in the Affiliated Hospital of Qingdao University were collected. Inclusion criteria were as follows: patients with cerebral infarction treated within 7 days of onset (NIHSS ≤ 5); age range from 18 to 80; able to walk at least 10 m independently; complete imaging and clinical data; and informed consent of the patient. Exclusion criteria: clinical diagnosis of movement disorders such as Parkinson's disease; clear history of cerebral hemorrhage or subarachnoid hemorrhage; mental abnormality (including diagnosed depression, anxiety, or mental illness; long-term use of anti-anxiety, anti-depression, and other psychotropic drugs); other causes of WMH (such as multiple sclerosis, toxic encephalopathy, and infections); whether MRI contraindications existed; generally poor condition, complicating serious heart, liver, and lung dysfunction; associated with intracranial tumors, craniocerebral trauma; and other serious central nervous system diseases. NIHSS was performed on eligible patients after admission. Demographic data (age, sex) and vascular risk factors (hypertension, diabetes, hyperlipidemia, smoking history, and drinking history) were collected.



Standard protocol approval, registration, and patient consent

We obtained written consent from each patient, and the Ethics Review Committee of the Affiliated Hospital of Qingdao University approved the study protocol.



Assessment of gait and balance disorders

Gait speed was assessed by the 6-m walk speed test, a measure of motor function commonly used in clinical trials. Participants were asked to walk at a comfortable walking pace. They were asked to start walking 2 m from the start sign and stop 2 m behind the end sign to measure steady-state walking speed. Trunk balance was measured by the TUG test, a reliable, valid, and easily administered clinical tool that correlates well with the Berg Balance Scale (18) and mostly assesses functional activity after stroke (19). The test recorded the time it takes for the subject to rise to complete a 3-m walk, return to the armchair, and then resit; the longer the time, the worse the balance (20).



Brain MRI assessment

A single HD 3.0T strong superconducting MRI scanner (GE, USA) was used to perform an MRI of the head, including T1-weighted imaging (T1WI), T2-weighted imaging (T2WI), fluid-attenuated flip recovery sequence (FLAIR), diffusion-weighted imaging (DWI), and magnetic susceptibility-weighted imaging (SWI). The MRI images were read and evaluated by two neurologists. Each read the images independently, and the final report was based on a consensus between the two. The radiologist made the final judgment in case of inconsistent assessment.



CSVD evaluation

In this study, WMH, EPVS, CMB, and lacunes were scored using the Standards for Reporting Vascular Changes on Neuroimaging (STRIVE) (21). Lacunes were defined as ovoid lesions with a high signal around a middle-low signal on FLAIR images, 3–15 mm in diameter. WMH were high signal lesions on FLAIR and T2-weighted images, divided into two parts, periventricular white matter hyperintensities (PVWMH) and deep white matter hyperintensities (DWMH), evaluated using the Fazekas scale (0–3 points) (22). EPVS were lesions located in the basal ganglia and semioval center with the same signal intensity of cerebrospinal fluid on MRI and <3 mm in diameter. A score of 0 was assigned if EPVS = 0, 1 if EPVS ≤ 10, 2 if EPVS = 11–20, 3 if EPVS = 21–40, and 4 if EPVS ≥ 40 (23). CMB were defined as homogeneous round lesions (<10 mm) with low signals on SWI images. Total CSVD burden (0–4 points): 1 point for ≥1 lacunes; 1 point for DWMH score of 2 or 3 or PVWMH score of 3; 1 point for moderate to severe EPVS (2–4 points); and 1 point for CMB ≥1 (24).



Statistical analysis

We used R studio (3.6.1) for statistical processing. Pearson correlation test and Spearman correlation test were used to evaluate the correlation between demographic data, vascular risk factors (such as gender, age, smoking, etc.,), NIHSS score, infarct location and CSVD, and walking speed and balance. Variables in the CSVD (including individual markers and total burden) that were significantly associated with gait and balance were subjected to linear regression analysis. Variables (except CSVD) that were statistically significant in the above correlation analysis were extracted as variables to be controlled for multiple hierarchy regression analysis. Multiple hierarchy linear regression was used to assess the independent prediction ability of individual radiographic markers and the total burden of CSVD. The statistical significance level was set to 0.05.




Results


Patient baseline characteristics

A total of 273 patients were enrolled during the study, including 170 men (62%) and 103 women (38%); age averaged 63.3 ± 9.2 years; gait speed averaged 1.02 ± 0.21 m/s; and TUG averaged 13.44 ± 3.44 s. Details are shown in Table 1.


TABLE 1 Baseline characters of subjects included in the study.
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Univariate correlation analysis of clinical data and CSVD scores with gait and balance tests

In terms of demographic and vascular risk factors, correlation analysis showed that gait speed was significantly slower in elderly, female, and smoking patients, but only older age was associated with longer TUG duration. Regarding the NIHSS score and the infarct site, correlation analysis showed that stroke severity (NIHSS) was not related to gait speed or length of TUG test time. Infarcts at the basal ganglia and radial coronary sites were associated with slower gait speed and longer TUG test duration.

Univariate correlation analysis of CSVD imaging markers with gait and balance disturbances showed that patients with higher PVWMH scores, DWMH scores, and total CSVD burden had slower gait speed. Subjects with higher PVWMH scores spent more time on the TUG test (Table 2).


TABLE 2 Correlation analysis of gait and balance function with clinical data.
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Linear association of CSVD markers and total burden with gait and balance

A univariate linear regression model was used to evaluate the individual contribution of CSVD markers to gait and balance performance. PVWMH scores (β = −0.107, P = 0.000), DWMH scores (β = −0.043, P = 0.000), and the total CSVD burden (β = −0.030, P = 0.027) significantly predicted gait speed. PVWMH scores (β = 0.708, P = 0.004) predicted trunk balance (Table 3).


TABLE 3 Linear analysis of CSVD markers and total burden associated with gait and balance.
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Independent prediction ability of CSVD for gait and balance function

To determine the independent predictive power of CSVD for gait and balance after including demographics, vascular risk factors, infarct location, and NIHSS, a multiple hierarchical linear regression model was used for statistical analysis. Only the variables associated with gait and balance in the above statistical analysis were included in the model. For CSVD and gait speed, we included PWMH, DWMH, and CSVD total burden as coexisting predictors in the model. Model 1 only adjusted for demographic factors (age, sex), and the results showed that only PVWMH could independently predict gait speed (β = −0.090, P < 0.001). We added vascular risk factors (smoking) to Model 2 and showed that PVWMH independently still predicted gait speed (β = −0.086, P < 0.001). In Model 3, we included infarct sites based on Model 2, and the association remained significant (β = −0.089, P < 0.001) (Table 4) Regarding CSVD and body balance, we included PVWMH score and age in Model 1, and the results showed that PVWMH significantly independently predicted gait speed (β = 0.492, P = 0.041). In Model 2, we added infarct sites and found that PVWMH were still independent predictors of TUG (β = 0.517, P = 0.022) (Table 5).


TABLE 4 Independent predictive analysis of walking speed by CSVD in patients with minor stroke.
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TABLE 5 Independent predictive analysis of timed-up-and-go test by CSVD in patients with minor stroke.

[image: Table 5]




Discussion

Previous studies have shown that age-related white matter lesions in the periventricular and deep frontal lobes are associated with falls, and that deep frontal white matter lesions are associated with balance deficits in a cohort of older adults with a history of falls (7). In patients with subcortical vascular cognitive impairment, PVWMH were associated with gait scores (9). Regional brain white matter injury is associated with gait and balance deficits in patients with Alzheimer's disease (25). A follow-up of up to 13 years in a longitudinal study showed that increased and progressive total WMH and PVWMH load were associated with decreased gait function in cognitively normal adults (26). In community-dwelling older adults, WMH and the total CSVD burden are major drivers of gait impairment but are not associated with balance impairment (10). In older patients with CSVD, CMB in temporal, frontal, and basal ganglia regions was associated independently of other CSVD markers with gait and balance impairment (8). In community-dwelling patients without neurological diseases, total CSVD burden, WMH, CMB, and lacunes were independently associated with gait and balance impairment (27). Recently, a prospective study included 200 patients with minor stroke (NIHSS ≤ 7 points) and divided them into lacunar and non-lacunar stroke groups based on MRI findings. The researchers objectively measured patients' gait balance impairment by the TUG test 3 years after stroke, subjectively assessed by the Stroke Impact Scale activity domain score, and tested the relationship between the total CSVD burden scale and functional stroke outcomes in a secondary analysis. The results showed that in the overall minor stroke population, total CSVD burden was not associated with TUG, Stroke Impact Scale scores, or Modified Rankin Scale scores 3 years after stroke; in patients with non-lacunar stroke, total CSVD burden was only associated with subjective activity impairment (17). However, the study sample size was small, and selection bias during clinical follow-up may be large.

Selection bias in cohort studies refers to the bias in the study that results from improper selection of study subjects. Loss to follow-up bias is a bias caused by study subjects dropping out of the cohort for various reasons. Loss to follow-up bias is also essentially selection bias (28). The study had a long follow-up period, so it is possible that patients with significant disabilities did not participate in the clinical follow-up. The study had a missed follow-up rate of >20%, so the loss to follow-up bias was large (17). To control for missing visit bias, researchers should inquire whether the missing person has died and the cause of death, and compare information on certain characteristics obtained at the baseline survey between the missing and non-missing subjects. However, the best way to control for loss to follow-up bias is to reduce missing subjects as much as possible and to improve the compliance of study subjects (29). This is a cross-sectional study, and there may be a non-response bias in selection bias. Non-response bias refers to bias due to the unwillingness of survey respondents to cooperate or their inability to participate in the survey for other reasons (28). The control for this bias should focus on improving the compliance and acceptance rate of the study subjects (30).

Minor stroke is common, and a growing number of epidemiological studies suggest that patients with minor stroke have some degree of physical and cognitive dysfunction, leading to a reduced quality of life (31, 32). Our study found that the presence of PVWMH is the most important predictor of gait and balance disorders in patients with minor stroke. PVWMH, DWMH, and the total CSVD burden were correlated with gait speed in the regression model, but only PVWMH explained the changes in TUG. After adjusting for the effects of demographics, vascular risk factors, NIHSS, and infarct sites on gait and balance, PVWMH significantly predicted gait speed and TUG time, independent of other radiographic markers and overall CSVD burden. The severity of gait and balance disorders was associated with infarct sites but not with stroke severity (NIHSS). After excluding the effect of cerebral infarction in this study, PVWMH remained an independent predictor of gait and balance and was independent of other CSVD markers.

The present study demonstrated the effect of PVWMH on gait and balance deficits in subjects, which is in general agreement with previous studies (9, 26). Unlike previous studies, the present study did not show the independent predictive power of lacunes (27) and CMB (8) on gait deficits. Although the total CSVD burden may better reflect the overall effect of CSVD on the whole brain, (33, 34) the present study did not show an independent effect of total CSVD burden on gait and balance. Possible reasons for the dissimilar results are as follows. First, the population included in our study were patients with acute ischemic minor stroke, and not the community population included in most studies. We had to take into account the limitation of mobility caused by the infarctions, which made CSVD less sensitive to the effects of gait and balance. Second, the subjects included in our study were relatively young, with an average age of 63.3 years. Third, we assessed the burden of CSVD with a visual rating scale and mobility impairment with a 6-m walking test and a TUG test. In addition, the present study showed that in the acute phase of cerebral infarction, only infarcts in the basal ganglia and radial crown sites were associated with gait and balance, while failing to confirm the idea that sites such as the cerebellum and frontoparietal lobe are involved in motor and ataxic regulation (35). This may be related to the small sample size included in the study.

This is the first study to investigate the effects of individual imaging markers of CSVD on gait and balance disorders in patients with minor stroke, and only one study mentioned above reported an association between overall CSVD burden and gait (17). PVWMH had significant independent predictive power after considering the effects of age, sex, vascular risk factors, stroke severity, and infarct location on gait and balance disorders. Gait is a highly cognitive process, and the poor gait performance caused by CSVD is partly mediated by cognitive function (36). PVWMH are more likely to cause cognitive damage because the periventricular white matter contains a large concentration of neurons and fibers related to learning, memory, and cognition. The white matter bundles passing through the periventricular area are denser (37). PVWMH can also directly damage motor pathways, leading to decreased gait and trunk stability (38, 39).

Our study had some limitations. First, our sample size was relatively small for stroke, a common disease. Large-scale studies are needed to determine the association between CSVD and gait and balance disorders in patients with minor stroke. Second, although we adjusted the results for stroke, the infarct sites are bound to have an impact on the clinical manifestations caused by CSVD in the acute stage of stroke. Third, our study was cross-sectional, and a causal relationship between CSVD and gait and balance disorders cannot be confirmed.

In summary, this study is the first to examine the association of individual markers and the total burden of CSVD with gait and balance impairment in patients with minor stroke. The findings show that PVWMH are independently associated with gait speed and trunk balance in patients with minor stroke. The PVWMH score is a possible independent marker to identify minor stroke patients at risk for gait and balance disorders. These findings should be confirmed in future large studies. It is suggested that in clinical work, we should focus on prevention strategies directed against the progression of WMH, which may provide useful assistance in the prevention and treatment of gait and balance dysfunction in patients with minor stroke.
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