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Abstract
Objective: Evidence of a relationship between non breathing-related sleep fragmentation and imaging
markers of the brain in cerebral small vessel disease (CSVD) patients is scarce. The purpose of the
present study was to investigate the relationship in CSVD patients living in China, where CSVD is a major
pathogenesis underlying stroke. Methods: A group of 84 CSVD patients were prospectively recruited
along with 24 age and sex matched normal controls. 3.0 T superconducting magnetic resonance imaging
and overnight polysomnography were conducted in all the participants. Polysomnography parameters
including sleep onset latency, total sleep time; sleep e�ciency, wake after sleep onset, percentage of each
sleep stage (N1, N2, N3 and REM) and arousal index were compared between the CSVD patients and
normal controls, and the relationship between arousal index and CSVD markers was explored in the CSVD
group. Results: Polysomnography measures showed that CSVD patients had signi�cantly higher arousal
index and wake after sleep onset, lower sleep e�ciency and N-3 ratio compared to normal controls (p<
0.05). The results of ordinal logistic regression showed that higher arousal index was positively
associated with the severity of periventricular white matter hyperintensity (OR 1.177, 95% CI 0.170 to
2.295) and perivascular space (OR 1.245, 95% CI 0.485 to 2.124) in CSVD patients, after adjusting for all
the independent variables. Conclusions: These preliminary results indicate that non breathing-related
sleep fragmentation is common and related to the pathological markers of CSVD patients. Future
prospective research is invited to establish the causal relationship between sleep parameters and CSVD
pathology.

Introduction
The term cerebral small vessel disease (CSVD) refers to a series of clinical, imaging and pathological
syndromes affecting small arteries, arterioles, capillaries and venules in the brain. The most common
form is arteriolosclerosis which is also known as age-related and traditional vascular risk-factor-related
small vessel disease[1].

Sleep fragmentation, characterized by recurrent and brief arousals that occur during nocturnal sleep,
often affects the elderly and could lead to the destruction of sleep continuity and sleep quality [2]. The
common cause of sleep fragmentation is obstructive sleep apnea syndrome(OSAS) which is regarded to
be one of the non-traditional risk factors for cardio-cerebrovascular diseases and has been well
concerned [3,4]. However, OSAS is relatively uncommon compared to non-breathing related sleep
complaints such as insomnia [5]. The overall prevalence of insomnia symptoms ranges from 30% to 48%
in the elderly and the prevalence of insomnia disorder ranges from 12% to 20% [6]. As far as we know,
there are limited data evaluating the status of non breathing-related sleep fragmentation in CSVD
patients and its relationship with the pathological changes of the brain. Berezuk C (2015) assessed 26
cases of ischemic cerebrovascular disease using polysomnography(PSG) and magnetic resonance
imaging MRI and found that sleep e�ciency(SE), wake after sleep onset(WASO) and N3 sleep duration
were correlated with perivascular space(PVS) in basal ganglia. However, patients with OSAS were not
excluded in this study which could cause confounding factors. The sample size of this study was
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relatively small and there was no control group which could reduce the signi�cance of the study [7]. Other
studies with larger sample have found that poor sleep quality [8] or long sleep duration [9] were related to
white matter hyperintensity (WMH) in the brain, but the participants recruited were the elderly in the
community or stroke-free urban sample, not the patients, and the sleep quality was evaluated only by
subjective scales. Our previous study showed that sleep fragmentation was positively associated with
cognitive impairment in CSVD patients, but we did not explore the underlying mechanisms, especially the
relationship between sleep fragmentation and brain pathological changes. Moreover, the characteristics
of sleep fragmentation could not be well understood due to the lack of healthy controls in this study [10].

In the present study, we explored the relationship between objective non breathing-related sleep
parameters and neuroimaging markers in CSVD patients with a relatively larger sample and a group of
normal control. We hypothesized that non breathing-related sleep fragmentation is common in CSVD
patients and is positively associated with speci�c CSVD imaging markers.

Methods
Design This was a cross-sectional case-control study in a single-center. The CSVD patients were
consecutively recruited from outpatient clinics of the Third A�liated Hospital of Sun Yat-sen University
from September 2017 to December 2018. The healthy control group was the healthy spouse or sibling of
the CSVD patients.

Participants

A total group of 84 CSVD patients were recruited following the inclusion/exclusion criteria, along with 24
normal controls matched with sex and age. All participants underwent structured interviews and physical
examination by a study physician who con�rmed the diagnosis.

Inclusion criteria:

1. Age 50-70 y.

2. Had at least one of the following vascular risk factors: hypertension, atherosclerosis, diabetes mellitus,
past or current smoking.

3. Had the following symptoms of CSVD: lacunar syndromes, cognitive, motor (gait), dysphagia, or mood
disturbances. Subjects who were eligible because of a lacunar syndrome were included only > 3 months
after the event to avoid acute effects on the outcomes.

4. Presenting with evidence of one or more MR markers of CSVD [11]: lacunars, WMHs with Fazekas
grade 2(early con�uent) or higher [12], visible PVSs and cerebral microbleeds (CMBs).

5. Controls without vascular risk factors, CSVD symptoms and MR marks of CSVD.
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6. Signed the written informed consent form.

Exclusion criteria

1. With larger subcortical or cerebral Water-shed infarctions (>1.5 cm) on MR as these are often embolic.

2. With large artery disease-carotid, vertebral or intracranial stenosis >50%;

3. With severe mental disorders such as schizophrenia, bipolar disorder or major depression, alcohol
and/or other drug abuse or dependence;

4. With uncontrolled somatic disorders or sleep-disruptive comorbid medical condition (e.g., moderate to
severe rheumatoid arthritis); needed immediate psychiatric (e.g., imminently suicidal patients) or medical
care (e.g., patients with acute cardiac symptoms)

5. With breathing-related sleep disorders, restless legs syndrome, or circadian rhythm sleep disorder
according to the criteria of the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition [13].

6. Apnea-hypopnea index ≥15 or/and periodic limb movement-related arousal index ≥15 per hour of
sleep during a screening laboratory polysomnogram;

7. Patients with CSVD caused by other reasons such as hereditary, in�ammatory and amyloidosis.

8. Being treated with medications that affect sleep within two weeks of initial screening.

9. Any inability to ful�ll study data collection.

Brain MRI scan:

The General Electric 3 T superconducting MR scanner with 8 channels, head and neck coils was used for
brain scanning. The acquisition sequences included 3D TOF-MRA, MRI T1Flair, T2WI, T2Flair and
susceptibility weighted imaging (SWI). Images were rated by a certi�ed and registered neuroradiologist in
a blinded model for the presence of four CSVD makers as shown in the followings; the presence of each
SVD makers was summed in an ordinal “SVD burden score” (range 0–4) [14].

Lacunes: rounded or ovoid lesions, >3- and <15-mm diameter, in the basal ganglia, internal capsule,
centrum semiovale, or brainstem, of CSF signal intensity on T2 and FLAIR, generally with a hyperintense
rim on FLAIR, consistent with a previous acute small subcortical infarct or haemorrhage in the territory of
one perforating arteriole.  Presence of lacunes was de�ned as the presence of one or more lacunes (1
point if present).

WMHs: signal abnormality of variable size in the white matter that shows the following characteristics:
hyperintensity on T2-weighted images such as �uid-attenuated inversion recovery, without cavitation
(signal different from CSF). The severity of periventricular WMH(PWMH) and deep WMH (DWMH) were
both coded according to the Fazekas scale from 0 to 3. Presence of WMH was de�ned as either (early)
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con�uent DWMH (Fazekas score 2 or 3) or irregular PWMH extending into the deep white matter (Fazekas
score 3) (1 point if present) [12].

PVSs: small (<3 mm) punctate (if perpendicular) and linear (if longitudinal to the plane of scan)
hyperintensities on T2 images in the basal ganglia, and the severity of PVS was rated on a validated
semiquantitative scale from 0 to 4(0=no PVS, 1=<10 PVS, 2=11 to 20 PVS, 3=21 to 40 PVS, and 4=>40
PVS). The numbers refer to PVSs on one side of the brain; the higher score was used if there was
asymmetry between the two sides. Presence of PVSs was counted if there were moderate to severe
(grade 2–4) PVSs in the basal ganglia (1 point if present) [15].

CMBs: small (generally 2–5 mm in diameter), homogeneous, round foci of low signal intensity on T2*-
weighted MRI or other sequences that are sensitive to susceptibility effects in the areas of cerebellum,
brainstem, basal ganglia, white matter, or cortico-subcortical junction. Presence of CMBs was de�ned as
the presence of any CMB (1 point if present).

PSG:

PSG was recorded in a sleep laboratory and readings were averaged over 2 consecutive nights. Recording
of PSG started based on the subject’s usual sleeping habits and each patient’ sleep was recorded for a
minimum of 8 hours. The wireless telemetry polysomnography system (manufacturer: Germany
SOMNOmedics product model: SOMNOscreen plus PSG +, analysis software "DOMINO") was used to
monitor sleep. Sleep recordings were scored by a psychologist blinded to the group assignment. All PSG
records were staged and scored based on the American Academy of Sleep Medicine Manual[16]. PSG
measures reported included:  sleep onset latency in minutes (SOL, the number of minutes it took for the
participant to fall asleep after going to bed) ,Total sleep time in minutes (TST, total minutes of sleep
during the PSG recording); sleep e�ciency % (SE %; total sleep time divided by time in bed), wake after
sleep onset (WASO, the number of minutes being awake after initial sleep onset until last awakening),
percentage of each sleep stage (N1, N2, N3 [slow wave sleep; SWS] and RNEM) apnea-hypopnea index
(AHI, % time oxygen saturation < 90%), arousal index (ArI; total number of arousal divided by the duration
of sleep in hours), The cutoff value for higher ArI in CSVD patients was de�ned as the ArI average score
of the participants in control group.

Pittsburgh sleep quality index(PSQI)-Chinese Version : The PSQI is a self-reported questionnaire to assess
the quality of sleep over the past month. It contains seven domains including subjective sleep quality,
sleep latency, sleep duration, sleep e�ciency, and sleep disturbances, use of sleeping pills and daytime
dysfunction. Each domain scores from 0 to 3, yielding a global PSQI score ranging from 0 to 21, where a
higher score indicates poorer sleep quality [17].

Statistical methods:

SPSS software package (version 20.0) was used for the statistical analyses. Descriptive statistics were
presented as mean ± standard deviations for continuous normal variables and as numbers or proportions
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for categorical variables. The student’s t test was used for the comparison of sleep parameters between
the study and control group. Logistic regression was performed to evaluate the association between
sleep fragmentation and CSVD imaging markers. Two-sided P-values were considered to be statistically
signi�cant at ≤0.05.

Results
Clinical characteristics of participants: 121 consecutive patients with CSVD were screened for
recruitment. 37 patients were excluded because they (1) had OSAS (n=11), (2) had other medical
conditions that interfere with sleep (n=2), (3) were taking sleep pills (n=12), (4) had major depression
(n=4), (5) or refused to participant the study (n=8). A total group of 84 patients and 24 healthy controls
were thus enrolled in the study. There were no signi�cant differences in demographic data between the
two groups (p> 0.05), as shown in Table 1. Among the 84 CSVD patients, 63 complained about their sleep
quality and 54 patients met the DSM-5 criteria for chronic insomnia.

Table 1 Demographic and clinical data

PSG parameters between the study group and control group: PSG measures showed that participants in
study group had signi�cantly lower SE and N-3 ratio compared to control group; while the WASO, N-1 ratio
and ArI of study group were signi�cantly higher than control group (p< 0.05), which indicated that CSVD
patients had more severe objective sleep fragmentation than normal controls, especially during the slow
wave sleep, as shown in Table 2.

Table 2 Comparisons of PSG measures:

PSQI measures between the study group and control group: PSQI measures showed that participants in
study group had signi�cantly lower SE, worse daytime dysfunction and higher PSQI total score than
control group (p< 0.05), which indicated that patients with CSVD had worth subject sleep quality than
normal controls, as shown in Table 3.

Table 3 Comparisons of PSQI measures

Imaging markers between the CSVD patients with different level of ArI: among the 84 CSVD patients,
23(27.4%) patients had LN 25 (29.8%)had CMB 42(50%) had WMH(DWMH Fazekas 2-3 and/or PWMH
Fazekas 3) 40(47.6%) had PVS. There was no signi�cant difference in age, sex, education level, BMI and
vascular risk factors between patients with higher and lower ArI(p>0.05). Patients with higher ArI showed
signi�cantly more severe PWMH and PVS than those with lower ArI (p<0.05), as shown in Table 4.

Table 4 Comparisons of CSVD markers in the patients with different ArI level

The relationship of sleep fragmentation and CSVD imaging markers by ordinal logistic regression: To
evaluate the association between sleep fragmentation and CSVD markers of the patients in study group,
ordinal logistic regression was performed with PWMH severity and PVS severity as the outcomes; ArI
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≥19.8/h or 19.8/h  as the exposure; and confounders [TST (≥6h or 6h) WASO (≥30min or 30min)
SE (≥85% or 85%) and N-3 sleep ratio] as the independent variables. The results showed that higher ArI
was signi�cantly associated with PWMH severity (OR 1.177, 95% CI 0.170 to 2.295) and PVS severity (OR
1.245, 95% CI 0.485 to 2.124) , after adjusting for all the independent variables, which indicated that sleep
fragmentation may aggravate pathological process of CSVD, as shown in Table 5.

Table 5 The relationship of sleep parameters and CSVD imaging markers by ordinal logistic regression

Discussion
The �rst �nding of this study was that the proportion of non breathing-related sleep disorders in CSVD
patients was much higher than that of breathing-related sleep disorders. Of the 121 CSVD patients
screened, 11(9.1%) met the OSAS diagnostic criteria, 63(52.1%) had complaints of insomnia and
54(44.6%) met the chronic insomnia criteria. This proportion is also much higher than that of the elderly
in previous studies [6], and also higher than that of chronic insomnia (29.2%) in the healthy controls in
this study, indicating the high co-morbidity of non breathing-sleep disorders and CSVD.

The second �nding of this study was that the severity of non breathing-sleep fragmentation in CSVD
patients was signi�cantly higher than that in healthy controls. In the elderly, along with the reduced
homeostatic sleep pressure and reduced circadian signals, some sleep changes related to aging are often
observed: decreased total sleep time, sleep e�ciency, and slow‐wave sleep; and increased waking after
sleep onset [18]. In this study, there was no signi�cant difference in total sleep time between CSVD
patients and healthy controls, but the ArI and WASO were signi�cantly higher than those of control group
which indicated that the destruction of sleep continuity was more serious in CSVD patients. Accordingly,
worse sleep e�ciency, lower radio of N-3 and REM sleep, and more impairment of daytime function was
observed in CSVD patients. It is well know that CSVD often cause cognitive impairment, this impairment
could be aggravated by the decrease of N3 and REM sleep which had been con�rmed in our previous
research [10]. Therefore, the treatment of CSVD cognitive impairment by reducing non breathing-related
sleep fragmentation could be a new therapeutic target.

The third �nding of this study was that the degree of sleep fragmentation in CSVD patients was positively
correlated with the severity of PWMH and PVS. PVS are the extension of subarachnoid spaces that
surround the brain's smaller arteries and veins. They are interstitial �uid-�lled spaces which act as a
glymphatic system and are important in interstitial clearance [19]. Intriguingly, the glymphatic
system function mainly during sleep and is largely disengaged during wakefulness. Using real-time two-
photon micros copy in live mice, Xie L(2013) found that natural sleep or anesthesia are associated with a
60% enlargement in the interstitial space, resulting in a signi�cant increase in convective exchange of
cerebrospinal �uid with interstitial �uid and a increase rate of β-amyloid and other metabolities clearance
during sleep [20]. Although the glymphatic drainage system in brain may be not the same between
humans and mice [21]. Our study support the hypothesis that sleep may promote the metabolite
clearance in the human brain through perivascular channels. In this study, it was found that PVS were
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positively correlated with sleep fragmentation which indicated that destruction of sleep continuity may be
associated with ine�ciency and blockage of perivascular drainage, potentially resulting in enlargement
of the perivascular space.

WMH of presumed vascular origin are very common in elderly and regarded as typical markers of CSVD. 
Due to limited pathology studies, the underlying pathology of WMH remains ambiguous and is
considered rather heterogeneous, the heterogeneity re�ecting different disease stages. Possible
mechanisms include incomplete infarct, chronic hypoperfusion, immune and in�ammatory activation,
chronic edema due to increased blood brain barrier permeability [22]. The mechanism by which non
breathing-related sleep fragmentation might be linked to WMHs is not clear, but several studies showed
that disturbed sleep could in�uence the following factors which might be related to pachologic progress
of WMH: decreasing the exchange of cerebrospinal �uid with interstitial �uid and the clearance of
metabolities such as β-amyloid [20], promoting neuroin�ammation [23], generating new molecules such
as free radicals [24], increasing BBB permeability [25], inducing pulse pressure surges [26], increasing
vascular stiffness and altering cerebral perfusion [27]. In the present study, it was found that more severe
PWMHs were demonstrated in subjects with a higher ArI, supporting the hypothesis that non breathing-
related sleep fragmentation could be related to the pathological mechanism of WMHs.

The strengths of our study are the evaluation of a group of real clinical patients with objective measures
of sleep and CSVD markers by magnetic resonance imaging. However, due to the cross-sectional design,
we could not draw any causal inference. In conclusion, we found a cross-sectional association between
non breathing-related sleep fragmentation and increased severity of PWMH and PVS. Prospective studies
are invited to explore the causal relationship of disturbed sleep and the pathological markers of CSVD.
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Variables Study group

(n =84)

Control group

(n =24)

t/χ2 P

Age, mean(SD)

Male, n(%)

BMI≥25, n(%)

Single, n(%)

Retirement, n(%)

Education 12 years, n(%)

Insomnia complaints, n(%)

Insomnia, n(%)

60.1±8.4

47(56.0%)

37(44.0%)

7(8.3%)

38(51.4%)

41(48.8%)

63(75.0%)

54(64.3%)

61.8±10.2

14(58.3%)

11(45.8%)

4(16.7%)

11(45.8%)

15(62.5%)

9(37.5%)

7(29.2%)

0.136a

0.043b

0.024b

1.417b

0.221b

1.401b

11.813

9.366

0.728

0.836

0.877

0.234

0.638

0.236

0.001 0.002

a t value, b χ2 value.

 

 

Table 2 Comparisons of PSG measures:
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Groups n SOL, min TST, min SE, % WASO, min AHI, per hour

Study group

Control group

T

P

84

24

 

 

25.3±14.5

19.8±13.8

1.054

0.095

314.8±88.5

368.6±98.2

0.796

0.195

61.5±10.8

72.4±13.4

1.985

0.031

131.5±51.2

96.8±42.1

2.325

0.011

3.4±1.5

3.8±1.2

0.124

0.957

Groups n REM % NREM-1 % NREM-2 % NREM-3 % ArI, per hour

Study group

Control group

T

P

84

24

 

 

16.4±4.7

19.5±5.5

1.942

0.045

19.2±3.4

12.1±1.2

4.241

0.000

52.2±11.4

53.4±9.5

0.285

0.657

10.4±4.5

13.5±5.2

2.214

0.039

26.9±7.4

19.8±7.7

2.472

0.021

Abbreviations: SOL, sleep onset latency; TST, total sleep time; SE, sleep e�ciency; WASO, wake after sleep onset; REM, rapid eye movement

sleep; NREM, non rapid eye movement sleep; AHI, apnea–hypopnea index; ArI, arousal index.

 

Table 3 Comparisons of PSQI measures
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Groups n Total score Sleep quality Sleep latency Sleep time

Study group

Control group

T

p

84

24

 

 

9.3±5.2

5.9±2.1

2.094

0.015

1.5±1.0

0.9±0.4

1.332

0.084

1.3±1.2

0.8±0.6

1.742

0.062

1.7±1.1

1.2±0.7

0.834

0.452

Groups n Sleep e�ciency, % Sleep disturbances Medication use Daytime dysfunction

Study group

Control group

T

p

84

24

 

 

65.3±13.4

76.2±8.2

1.893

0.031

1.7±0.6

1.0±0.3

1.022

0.104

-

-

-

-

1.5±0.8

1.1±0.3

1.983

0.030

 

 

Table 4 Comparisons of CSVD markers in the patients with different ArI level
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Groups n CSVD burden Lacuna

presence

CMB

presence

WMH

presence

PWMH

severity

DWMH

severity

PVS

severity

PVS

presence

Higher ArI

Lower ArI

t/χ2

P

53

31

 

 

1.7±0.7

1.5±0.7

0.123a

0.804

15(28.3%)

8(25.8%)

0.061b

0.805

18(34.0%)

7(22.6%)

1.212b

0.271

27(50.9%)

15(48.4%)

0.051b

0.821

1.9±0.9

1.3±1.0

2.043a

0.045

1.4±1.0

1.6±1.1

0.723a

0.175

2.4±1.1

1.6±0.9

2.426a

0.037

28(52.8%)

15(48.4%)

0.155b

0.694

Abbreviations: CSVD, cerebral small vessel disease; CMB, cerebral microbleed; WMH,white matter hyperintensities; PWMH, periventricular

WMH; DWMH deep WMH; PVS, perivascular space. a t value, b χ2 value.

 

Table 5 The relationship of sleep parameters and CSVD imaging markers by ordinal logistic regression

Variables ArI TST WASO SE %,N-3

PWMH severity

OR

95% CI

P

PVS severity

OR

95% CI

P

 

1.177

0.170 to 2.295

0.024

 

2.245

1.485 to 4.124

0.019

 

0.953

0.574 to 2.901

0.671

 

1.053

0.253 to 2.759

0.533

 

2.873

0.784 to 5.732

0.182

 

1.546

0.525 to 2.753

0.337

 

0.897

0.526 to 2.054

0.637

 

1.007

0.384 to 1.954

0.723

 

0.854

0.267 to 1.541

0.459

 

1.164

0.624 to 2.549

0.239

Abbreviations: PWMH, periventricular white matter hyperintensities; PVS, perivascular space; ArI, arousal index; TST, total sleep time;

WASO, wake after sleep onset; SE, sleep e�ciency; N-3, non rapid eye movement sleep-stage 3; OR, odds ratio; CI, Con�dence interval.
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