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Purpose: Excessive daytime sleepiness (EDS) and cerebral small vessel disease (CSVD) are common problems among older adults;
however, their association is not clear. The present study aimed to investigate the frequency of EDS in CSVD patients and the
relationship between EDS and neuroimaging markers of CSVD.

Patients and Methods: We conducted a cross-sectional study among 1076 community-dwelling older adults aged 55-85 years. EDS
was measured using the Epworth Sleepiness Scale (ESS), and EDS was defined as an ESS score greater than 10. Binary logistic
regression was performed to assess the association between EDS and neuroimaging markers of CSVD.

Results: Of the 1076 participants (mean age: 65.58 + 6.46 years, 60.5% female), the prevalence of EDS was 10.0%. EDS was more
frequent in participants with CSVD than in the total sample (20.0% vs 10.0%, p <0.001). In fully adjusted models, EDS was
significantly correlated with CSVD burden (OR = 1.39, 95% CI 1.16 to 1.68, p <0.001), the severity of white matter hyperintensities
(WMH) (OR =1.33, 95% CI 1.14 to 1.54, p <0.001), and presence of lacunes (OR = 2.47, 95% CI 1.53 to 4.00, p <0.001) but not with
the presence of cerebral microbleeds (CMBs) (OR=1.54, 95% CI 0.92 to 2.56, p = 0.099) or severity of enlarged perivascular spaces
(EPVS) in basal ganglia (OR = 1.16, 95% CI 0.70 to 1.92, p = 0.564).

Conclusion: We found a high frequency of EDS symptoms in CSVD individuals. Further, EDS was significantly associated with
WMH, lacunes, and CSVD burden. Our findings further suggest patients with CSVD may exhibit abnormal sleep-wake patterns.
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Introduction
Cerebral small vessel disease (CSVD) is common in the older population, and the incidence of CSVD increases with
age.! CSVD is a progressive syndrome characterized by clinical, neuroimaging, and neuropathologic presentations
related to the small vessels of the brain.? The primary neuroimaging markers of CSVD include recent small subcortical
infarcts, lacunes, white matter hyperintensities (WMH), enlarged perivascular spaces (EPVS), cerebral microbleeds
(CMBs), and atrophy.® The clinical manifestations of CSVD are heterogeneous. Clinically, CSVD is associated with
stroke, cognitive impairment, gait dysfunction, mood disorders, and urinary disorders.” In recent years, growing evidence
suggests that CSVD is also associated with sleep disorders.*®

Obstructive sleep apnea (OSA) is a common sleep-related breathing disorder and has been validated as an indepen-
dent risk factor for stroke and ischemic heart disease.”” A meta-analysis including fourteen observational studies showed
that OSA was associated with features of CSVD, specifically WMH and asymptomatic lacunar infarction (ALI).® Prior
work has also reported that CSVD is associated with other sleep disorders, like insomnia and periodic limb movements
(PLM).*>® For example, the occurrence of insomnia in older adults with CSVD is higher than that among general older
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adults,* and Kang et al found that the PLM index was positively correlated with neuroimaging markers of CSVD (eg,
WMH, lacunes, EPVS).®

Excessive daytime sleepiness (EDS) is a common sleep symptom among older adults, and is a typical symptom of OSA.'°
EDS is defined as the inability to maintain wake and alertness during the major waking episodes of the day.'' EDS may
increase the risk of accidents and injuries (eg, motor vehicle crashes, work-related accidents) due to decreased alertness, and

12714 Moreover, published summary data from cohort studies showed that

negatively influence cognition and quality of life.
EDS is associated with greater risks of cardiovascular disease (CVD) events, coronary heart disease, stroke, and all-cause
mortality among older adults.'""' Therefore, EDS is a major public health problem. Currently, studies have revealed that EDS
is frequently associated with central nervous system (CNS) diseases, such as Alzheimer’s disease (AD), Parkinson’s disease
(PD), headache, multiple sclerosis, and amyotrophic lateral sclerosis (ALS).'®'® However, to our knowledge, no study has
focused on the association between neuroimaging markers of CSVD and EDS. Thus, the present study examined the

prevalence of EDS in CSVD patients and investigated the association between EDS and neuroimaging makers of CSVD.

Materials and Methods
Study Population

This study is an ongoing community-based study in older residents in Wuhan, China. Eligible residents aged 55 years or
older and living in the communities of Wuhan were invited to participate in the study. Exclusion criteria for the present
study include inability to live unaided; life expectancy less than 1 year; diagnosis of any neurodegenerative disease
(eg, AD, PD); diagnosis of any psychiatric disease (eg, major depression, schizophrenia); stroke, trauma, or infection
during the past 3 months; magnetic resonance imaging (MRI) contraindications; and failure to communicate and
complete an interview due to any reasons.

From November 2020 to October 2021, a total of 1177 community residents participated in the present study. All
examinations such as brain MRI and cognitive assessment were completed within one day. This study was approved by
the Institutional Review Board of Tongji Hospital (No. S105) and was carried out in accordance with the Declaration of
Helsinki. All participants provided written informed consent.

Sleep Assessment
EDS was assessed using the Epworth Sleepiness Scale (ESS) which consists of eight questions. The ESS score varies
between 0 and 24. A higher score indicates a higher sleep propensity and a score > 10 represents EDS.*°

Sleep quality over the past month was measured using the Pittsburgh Sleep Quality Index (PSQI), a questionnaire
based on self-reported experiences. The PSQI consists of 19 items ranging from 0 to 21. A global PSQI score of 5 or
more indicates poor sleep quality.”!

The potential risk of OSA was assessed using the STOP-Bang questionnaire, which includes eight items (snoring,
tiredness, observed apnea, high blood pressure, body mass index, age, neck circumference, and gender). A score > 3
indicates moderate-to-severe OSA.*

Neuropsychological Assessment

All study participants underwent extensive neuropsychological testing, which included the following items: (1) neuro-
cognitive screening assessments: Mini-Mental State Examination (MMSE), Montreal Cognitive Assessment (MoCA); (2)
processing speed: Trail Making Test A (TMT-A), Stroop words, Stroop color; (3) executive function: Trail Making Test
B (TMT-B), Stroop interference, Digit Span Test (backward), Verbal Fluency Test (VFT); (4) memory: Auditory Verbal
Learning Test (AVLT); (5) language: Boston Naming Test (BNT).** Performance in the four cognitive domains was made
comparable by converting cognitive test scores to age, sex, and education adjusted z-scores.”* Z scores for the TMT and
Stroop were multiplied by —1 so that higher z scores indicate better performance.
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MRI Assessment
Brain MRI was obtained using a single 3T MRI scanner (United Imaging, Shanghai, China). Following predefined
standardized protocols, the MRI included at least five sequences: T1-weighted, T2-weighted, fluid-attenuated inversion
recovery (FLAIR), diffusion-weighted imaging (DWI), and susceptibility-weighted imaging (SWI) (see Supplementary
Table 1 for detailed MRI protocols).

Two trained radiologists, who were blinded to all the clinical data, rated the neuroimaging markers of CSVD based on
the STandards for ReportIng Vascular changes on nEuroimaging (STRIVE) criteria.®

Lacunes were defined as round or ovoid cerebrospinal fluid (CSF) containing cavities with a surrounding rim of
hyperintensity in subcortical regions that range from 3 to 15 mm in diameter. The severity of the periventricular WMH
(PWMH) and deep WMH (DWMH) was assessed using the Fazekas scale.”> CMBs were defined as rounded hypointense
lesions (2—10 mm in diameter) on SWI sequences. EPVS were defined as round, ovoid, or linear lesions, generally smaller
than 3 mm in diameter with a CSF-like signal on all sequences. The severity of EPVS in the basal ganglia (BG) was rated
according to the number of spaces in a unilateral slice containing the maximum EPVS: 0 =no EPVS, 1 =1-10 EPVS,2=11-
20 EPVS, 3 = 21-40 EPVS, and 4 = 40 or more EPVS. EPVS score > 2 in BG was defined as moderate-to-severe EPVS.2¢

The total burden of the CSVD was evaluated using the total CSVD score (from 0 to 4 points). One point was awarded for
any of the following: Fazekas score 3 for PWMH or 2-3 for DWMH, any lacune, any CMB, and EPVS score > 2 in BG.”’

The presence of CSVD referred to a criterion previously published.?® Participants with moderate to severe CSVD
burden with a total CSVD score > 1 were considered a part of the CSVD group. Participants in the CSVD group were
then divided into EDS+ and EDS- subgroups based upon the presence or absence of EDS, respectively.

Assessment of Other Variables

Age, sex, height, weight, education level, smoking, and alcohol consumption were recorded using a standardized
questionnaire. Depressive symptoms were measured using the Hamilton Depression Rating Scale (HAMD).*
Participants’ self-reported medical history and medication use were also documented.

Statistical Analysis

The data were analyzed using SPSS version 21.0 software (SPSS Inc., Chicago, IL, USA). The demographic variables of
the participants are presented as mean (standard deviation), or frequency (percentage) when appropriate. The inter-group
difference was compared using the Student’s t-tests (for continuous variables with a normal distribution), Mann—Whitney
U-tests (for continuous variables with a non-normal distribution), or y* tests (for categorical variables). Binary logistic
regressions were conducted to assess the association between EDS and neuroimaging markers of CSVD. Statistical
models were initially adjusted for age and sex (Model 1) and then further adjusted for education level, smoking status,
hypertension, diabetes, HAMD score, PSQI score, and a STOP-Bang score > 3 (Model 2). In addition, we performed
a stratified analysis according to diabetes status. A significance threshold of p < 0.05 was considered statistically

significant.

Results

Subject Characteristics
A total of 1076 participants were included in the final analyses. The flow chart of the present study is shown in Figure 1.
Table 1 shows the demographic and clinical data of the participants. The mean age of participants was 65.58 + 6.46 years,
and most participants were female (60.5%); 108 (10.0%) participants had EDS.
Participants presenting with EDS were more likely to be male, current smokers, have hypertension, poorer sleep
quality, greater depression, and a higher risk of moderate-to-severe OSA than participants without EDS (Table 1).
Among neuroimaging markers of CSVD, the EDS group demonstrated more severe WMH (p < 0.001), EPVS in BG
(p = 0.023), a higher risk of lacunes (p < 0.001), CMBs (p = 0.018), and a higher CSVD burden (p < 0.001) compared to
those without EDS (Table 2).
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Participants aged between 55 and 85 years
recruited from Wuhan, China
(n=1,177)

Excluded (n=14)
m Incomplete MRI scan (n=10)
m MRI artifacts (n=4)

Participants with complete MRI assessment
(n=1,163)

Excluded (n=54)
m Participants missing EDS assessment (n=4)

m Incomplete cognitive assessment (n=50)

Participants with qualified data
(n=1,109)

Excluded (n=33)
m Participants with a history of stroke (n=29)
m Participants with dementia (n=4)

Y

Final analysis
(n=1,076)

Figure | Flow chart.
Abbreviations: MRI, magnetic resonance imaging; EDS, excessive daytime sleepiness.

Participants with EDS demonstrated lower global cognition (MMSE, p = 0.012; MoCA, p = 0.003), significantly
worse performance on processing speed (p < 0.001) and executive function (p = 0.013) compared to participants without
EDS, while no differences in memory (p = 0.173) or language (p = 0.101) were observed between groups (Table 2).

Clinical Data of CSVD Participants with and without EDS

Of the 1076 participants, 205 participants met criteria for CSVD. Of the participants that met criteria for CSVD, 41 also
met criteria for EDS (EDS+), while 164 did not (EDS-). The prevalence of EDS in the CSVD group was notably higher
than that of our total sample (20.0% vs 10.0%, p < 0.001).

Within the CSVD group, EDS+ participants had a higher risk of diabetes (p = 0.002), moderate-to-severe OSA (p =
0.013), poorer sleep quality (PSQI, p = 0.004), and greater depressive symptoms (HAMD, p = 0.015) compared to EDS-
participants (Table 1). Regarding cognitive performance, the CSVD EDS+ group demonstrated poorer performance on
measures of processing speed (p = 0.019), and executive function (p = 0.039) than the CSVD EDS- group (Table 2). In
addition, the CSVD EDS+ group had a higher risk of lacunes (p = 0.018), WMH (p = 0.015) and CSVD burden (p =
0.006) compared with CSVD EDS- group, while there was no significant difference in the presence of CMBs (p = 0.441)
and EPVS severity in BG (p = 0.509) (Table 2).

Associations Between EDS and CSVD Markers

Associations among CSVD neuroimaging markers and EDS are shown in Table 3. In our total sample, EDS was
significantly correlated with CSVD burden (OR = 1.54, 95% CI 1.30 to 1.82, p < 0.001), total Fazekas score (OR = 1.50,
95% CI 1.31 to 1.72, p < 0.001), and presence of lacunes (OR = 3.05, 95% CI 1.95 to 4.77, p < 0.001), but not with the
presence of CMBs (OR = 1.58, 95% CI 0.98 to 2.54, p = 0.061) or severity of EPVS in BG (OR = 1.48, 95% CI 0.92 to
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Table | Characteristics of the Participants
Variable Total With EDS Without EDS P value CSVD CSVD EDS- P value
n = 1076 n =108 n =968 EDS+ n =164
n = 4]

Age, years 65.58 + 6.46 66.69 £ 6.61 65.46 + 6.43 0.063 69.54 £ 7.06 69.12 £ 6.60 0.723
Male/Female 425/651 54/54 371/597 0.019* 26/15 88/76 0.261
Education level, years 10.94 + 3.58 10.36 + 3.56 10.99 + 3.57 0.097 9.71 + 3.33 10.30 + 3.74 0.295
BMI 23.73 £2.95 24.15 £ 3.12 23.68 £ 2.93 0.135 24.50 £ 2.40 24.03 £ 2.75 0.311
Current smoker, n (%) 133 (12.4%) | 20 (18.5%) 113 (11.7%) 0.04° 12 (29.3%) 32 (19.5%) 0.174
Current drinker, n (%) 116 (10.8%) | 11 (10.2%) 105 (10.9%) 0.833 5 (12.2%) 21 (12.8%) 0916
Comorbidities

Hypertension, n (%) 517 (48.1%) | 65 (60.2%) 452 (46.7%) 0.008° 31 (75.6%) 118 (72.0%) 0.638

Diabetes, n (%) 223 (20.7%) | 30 (27.8%) 193 (19.9%) 0.057 18 (43.9%) 33 (20.1%) 0.002°

Dyslipidemia, n (%) 293 (27.2%) | 28 (25.9%) 265 (27.4%) 0.748 Il (26.8%) 51 (31.1%) 0.595
HAMD 342 + 247 456 + 2.55 329 + 243 <0.001* 429 £ 2.69 321 £243 0.015°
PSQI 6.70 + 3.87 883 +4.10 6.46 + 3.77 <0.001? 9.37 + 456 7.09 + 3.67 0.004°
ESS 573 £ 3.11 12.31 + 1.51 5.00 £ 2.27 <0.001? 12.78 + 1.82 574 £ 223 <0.001°
STOP-Bang scores 23, n (%) | 528 (49.1%) | 80 (74.1%) 448 (46.3%) <0.001* | 36 (87.8%) 112 (68.3%) 0.013°
Sleep medication use, n (%) | 56 (5.2%) 5 (4.6%) 51 (5.3%) 0.777 3 (7.3%) 10 (6.1%) 0.726

Notes: *Significant difference between the EDS and without EDS groups; “Significant difference between the CSVD EDS+ and without CSVD EDS- groups.

Abbreviations: EDS, excessive daytime sleepiness; CSVD, cerebral small vessel disease; BMI, body mass index; HAMD, Hamilton Depression Scale; PSQI, Pittsburgh Sleep
Quality Index; ESS, Epworth Sleepiness Scale.

Table 2 Cognitive and Neuroimaging Characteristics of the Participants

Variable Total With EDS Without EDS | P value | CSVD CSVD EDS- | P value
n = 1076 n =108 n =968 EDS+ n =164
n = 4|

Cognitive Evaluation
MMSE 2782 %217 | 27.34%227 2787 £2.15 0.012 26.80 + 2.88 27.37 £2.38 0.198
MoCA 242 + 337 2324 + 3.65 243 £ 332 0.003 22,07 + 3.84 23.16 £ 3.36 0.074
Processing speed® 0+0.78 —0.26 + 0.91 0.03 £ 0.76 <0.001 —0.60 + 1.14 —0.23 + 0.96 0.019
Executive function® 0+ 0.67 —0.17 £ 0.81 0.02 + 0.65 0.013 —0.48 £ 0.95 —-0.18 £ 0.70 0.039
Memory® 0+0.84 —0.12£0.96 | 0.0l £0.82 0.173 -028 £ I.11 -0.21 £0.74 0.663
Language® 0+ 1.00 —0.08 + 0.85 | 0.0l + 1.02 0.101 —0.34 + 0.84 —0.32 + 1.03 0.488

Brain magnetic resonance
Total Fazekas score 209 £ 1.33 2.88 £ 1.63 201 £ 1.26 <0.001 434 +1.28 3.77 £ 1.34 0.015
Presence of lacunes, n (%) 178 (16.5%) 39 (36.1%) 139 (14.4%) <0.001 32 (78.1%) 95 (57.9%) 0.018
Presence of CMBs, n (%) 182 (16.9%) 27 (25.0%) 155 (16.0%) 0.018 24 (58.5%) 85 (51.8%) 0.441
>10 EPVS_BG, n (%) 202 (18.8%) 29 (26.9%) 173 (17.9%) 0.023 25 (61.0%) 109 (66.5%) 0.509
CSVD burden 0.72 + 1.05 1.29 + 1.39 0.66 + 0.98 <0.001 2.88 + 0.8I 2.52 £0.70 0.006

Notes: * Z-scores. The performance in the four cognitive domains is presented as the compound z-scores.
Abbreviations: EDS, excessive daytime sleepiness; CSVD, cerebral small vessel disease; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment;
CMBs, cerebral microbleeds; EPVS, enlarged perivascular spaces; BG, basal ganglia.
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Table 3 Association Between MRI Markers of CSVD and EDS

Model | Model 2

OR (95% CI) P value OR (95% CI) P value
CSVD burden 1.54 (1.30-1.82) <0.001 1.39 (1.16-1.68) <0.001
Total Fazekas score 1.50 (1.31-1.72) <0.001 1.33 (1.14-1.54) <0.001
Presence of lacunes 3.05 (1.954.77) <0.001 2.47 (1.53-4.00) <0.001
Presence of CMBs 1.58 (0.98-2.54) 0.061 1.54 (0.92-2.56) 0.099
EPVS_BG 1.48 (0.92-2.38) 0.108 1.16 (0.70-1.92) 0.564

Notes: Model | was adjusted for age and sex. Model 2 was adjusted for age, sex, education level, smoking status, hypertension, diabetes, HAMD,
PSQI, STOP-Bang = 3.

Abbreviations: MRI, magnetic resonance imaging; CSVD, cerebral small vessel disease; EDS, excessive daytime sleepiness; OR, odds ratio; Cl,
confidence interval; CMBs, cerebral microbleeds; EPVS, enlarged perivascular spaces; BG, basal ganglia.

2.38, p = 0.108) (adjusted for age and sex). Further adjusting for education level, smoking status, hypertension, diabetes,
HAMD score, PSQI score and a STOP-Bang score of > 3 did not attenuate these associations. Additionally, results did
not differ when stratifying for diabetes (Supplementary Table 2).

Discussion

To our knowledge, this is the first study to investigate the incidence of EDS in CSVD patients and the association
between EDS and neuroimaging markers of CSVD. In this community-based study, we found that the prevalence of EDS
in participants with CSVD was 20.0%, which was notably higher than that of our total sample (10.0%). Further, EDS was
related to neuroimaging markers of CSVD, in particular, WMH and lacunes. However, no association between EDS and
CMBs or EPVS was observed.

Previous studies have revealed that patients with neurological diseases (eg, PD, AD, ALS) have a higher incidence of
EDS than the general population.'®'® In the present study, participants with CSVD had a higher frequency of EDS
compared to participants in the overall sample. The prevalence of EDS in our sample was 10.0%, which is similar to
previously reported values in an Asian multi-ethnic population (9%).*® Several epidemiological studies demonstrate that
the prevalence of EDS ranges from 5% to 30%.>" The difference in prevalence rates may be partially explained by the
difference in socio-demographic characteristics and cultural factors, which may have influenced the response to the
questionnaire.

Recently, the association between CSVD and circadian rhythm disruption has gained attention. Some studies have
revealed that sleep disorders (insomnia, OSA, PLM),*® abnormal circadian blood pressure (BP) (non-dipping, reverse-

33,34 are

dipping BP patterns),’” and disturbed 24-hour activity rhythms (interdaily instability, intradaily variability)
correlated with neuroimaging markers of CSVD. EDS represents one of the clinical symptoms of circadian rhythm
disruption. Results from the present study demonstrate that EDS is associated with greater CSVD burden, WMH severity,
and lacunes. These associations persist after controlling for potential confounders. In summary, our study provides new
clinical evidence for the existence of circadian rhythm disruption in CSVD patients.

Although the present study revealed a relationship between CSVD and EDS, the underlying pathophysiology is
unclear. WMH in cholinergic pathways may affect the integrity of the adjacent medial cholinergic pathways.>> An
autopsy study in a patient with cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalo-
pathy (CADASIL) showed that cortical cholinergic projections from the nucleus basalis of Meynert (nbM) could be
influenced by white matter lesions.>® Most cholinergic input into the cerebral cortex originates from the nbM (in the basal
forebrain).’” The majority of these cholinergic axons are unmyelinated; therefore, they may be more vulnerable to aging
or damage in WM.*=® The presence of lacunes is mainly located in the thalamus, basal ganglia, or frontal white
matter,”” and thus may affect the integrity of cholinergic pathways. The basal forebrain cholinergic system is involved in
regulating the sleep-wake cycle.*” We thus speculated that EDS may be due to impairments caused by CSVD in the
cholinergic system.
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CSVD is associated with cognitive decline and the subsequent development of dementia.*' A meta-analysis of
prospective studies observed that WMH was associated with decline in global cognitive performance, processing speed,
and executive function.*> CMBs and EPVS were also associated with cognitive decline.*> ** The specific mechanism of
cognitive decline in CSVD patients is unclear but may be related to the disruption of cortical-subcortical networks.*®
Interestingly, a growing body of research suggests an association between EDS and cognitive impairment.'>4748
A longitudinal study showed that EDS was associated with cognitive decline 4 years later in a community-dwelling
older population.*’ In the present study, CSVD patients with EDS demonstrated worse cognitive performance, especially
regarding measures of processing speed and executive function, compared to CSVD patients without EDS. The
mechanism for the effect of EDS on cognitive impairment in patients with CSVD is currently unknown. Thus, further
studies are needed to extend and confirm these preliminary findings.

EDS is highly prevalent in older adults. Unfortunately, EDS is frequently overlooked because it is considered a part of
normal aging.'® EDS is associated with many adverse outcomes, including cardiovascular diseases and mortality.'*>°
CSVD is a slowly progressive disease, and patients with CSVD are often asymptomatic, making them less likely to be
aware of the insidious disease progression.’' Individuals with asymptomatic CSVD may develop various clinical
syndromes (eg, stroke, dementia, mood disorders), which may increase the risk of mortality.”> The present study
found that EDS was associated with neuroimaging markers of CSVD, and CSVD patients with EDS showed worse
cognitive performance. Given that EDS is a potential low-cost biomarker, it is necessary to perform EDS screenings,
assessments, and treatments among community-dwelling older adults.

The strengths of the current study include a large sample size of community-dwelling older adults, comprehensive
evaluation of CSVD markers, and neuropsychological assessments. However, the present study has several limitations.
First, the nature of a cross-sectional study limits causal inferences. Further, prospective or interventional studies are
needed to clarify the relationship between CSVD and EDS. Second, due to the fact that sleep disorders were assessed
only by self-reported questionnaires without polysomnography or actigraphy, subjective bias may exist in sleep assess-
ment. However, it is difficult to perform objective sleep measures in a relatively large population-based study. Third, this
study is limited to the Chinese population, and therefore may not be generalizable to other populations.

Conclusion

Overall, findings from the present study suggest a high frequency of EDS symptoms in CSVD individuals. Further, EDS
was significantly associated with a greater presence of WMH and lacunes but was not associated with CMBs and EPVS.
Our findings suggest that older adults with CSVD may exhibit abnormal sleep-wake patterns, expanding the clinical
spectrum of CSVD. Finally, prospective studies are necessary to assess the direction of the relationship between EDS and
CSVD.

Abbreviations

EDS, excessive daytime sleepiness; CSVD, cerebral small vessel disease; ESS, Epworth Sleepiness Scale; OR, odds
ratio; CI, confidence interval; WMH, white matter hyperintensities; CMBs, cerebral microbleeds; EPVS, enlarged
perivascular spaces; OSA, obstructive sleep apnea; PLM, periodic limb movements; CNS, central nervous
system; AD, Alzheimer’s disease; PD, Parkinson’s disease; ALS, amyotrophic lateral sclerosis; MRI, magnetic resonance
imaging; PSQI, Pittsburgh Sleep Quality Index; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive
Assessment; TMT-A, Trail Making Test A; TMT-B, Trail Making Test B; VFT, Verbal Fluency Test; AVLT, Auditory
Verbal Learning Test; BNT, Boston Naming Test; FLAIR, fluid-attenuated inversion recovery; DWI, diffusion-weighted
imaging; SWI, susceptibility-weighted imaging; STRIVE, STandards for Reportlng Vascular changes on nEuroimaging;
CSF, cerebrospinal fluid; PWMH, periventricular white matter hyperintensities; DWMH, deep white matter hyperinten-
sities; BG, basal ganglia; HAMD, Hamilton Depression Rating Scale; CADASIL, cerebral autosomal dominant arterio-
pathy with subcortical infarcts and leukoencephalopathy; nbM, nucleus basalis of Meynert.
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