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Abstract

Objectives. Insomnia was associated with cerebral structural changes and Alzheimer’s disease.
However, associations among cerebral perfusion, insomnia with cerebral small vessel disease
(CSVD), and cognitive performance were little investigated.

Methods. This cross-sectional study included 89 patients with CSVDs and white matter
hyperintensities (WMHs). They were dichotomized into the normal sleep and poor sleep group,
according to Pittsburgh sleep quality index (PSQI). Baseline characteristics, cognitive perfor-
mance, and cerebral blood flow (CBF) were measured and compared between the two groups.
The association or correlation between cerebral perfusion, cognition, and insomnia was
analyzed using binary logistic regression.

Results. Our study found that declined MoCA score (P = .0317) was more prevalent in those with
poor sleep. There was a statistical difference in the recall (P = .0342) of MMSE, the delayed recall (P
= .0289) of MoCA between the two groups. Logistic regression analysis showed educational
background (P < .001) and insomnia severity index (ISI) score (P = .039) were independently
correlated with MoCA scores. Arterial spin labeling demonstrated that left hippocampal gray
matter perfusion was significantly reduced (P = .0384) in the group with poor sleep. And, negative
correlation was found between left hippocampal perfusion and PSQI scores.

Conclusions. In the patients with CSVDs, insomnia severity was associated with cognitive
decline. Left hippocampal gray matter perfusion was correlated with PSQI scores in CSVDs.

Introduction

Sleep disturbance can promote the risk of dementia and white matter lesions. For example, insomnia
can increase the risk of Alzheimer’s disease (AD), and obstructive sleep apnea increases the incidence
of all-cause dementia.' Short-time duration of sleep is associated with late-onset dementia.” In
addition, sleep time <7 hours or >10 hours/night, napping, and poor sleep patterns are associated
with an increased risk of cardiovascular disease.” Goldman et al found that glymphatic failure during
sleep was associated with the risk of dementia,” and Hong et al found that hippocampal subfield
atrophy in chronic insomnia was associated with impaired cognition.” Recently, a Rotterdam study
found that cerebral hypoperfusion was associated with accelerated cognitive decline in the general
population.’ A study using arterial spin labeling (ASL) magnetic resonance imaging (MRI) on
dementia with Lewy bodies and AD found that increased perfusion was related to functional
compensation and decreased perfusion was related to functional impairments.”

Currently, 54% of cerebral small vessel disease (CSVD) patients meet the standard of chronic
insomnia, which is much higher than healthy elderly people.® In a previous clinical study, the
researchers found that non-respiratory sleep fragmentation was associated with the cognitive
dysfunction of CSVD patients, especially executive function and delayed recall ability.” However,
in the CSVD population, there are still actually a few studies regarding the prevalence, charac-
teristics, pathophysiology, effects on cognitive function, association with imaging markers, and
optimal treatment strategies for insomnia.

We aim to investigate the associations between insomnia, cerebral perfusion, and cognitive
impairment in patients with CSVD imaging markers and to explore the preventive strategy for
dementia.

Materials and methods

Patient enrollment and study design

This is an observational cross-sectional study. Consecutive patients with symptoms and imaging
characteristics of CSVD were screened and selected from the outpatient department of
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From the neurology outpatient development of Huashan Hospital

143 patients with CSVDs selected by inclusion criteria ’

Exclusion: 27 patients without WHMs in MRI imaging
19 patients with AD, FTD or massive cerebral infarction

6 patients without assessment of cognitive function
due to seriously impaired hearing and vision

Y

[ 89 patients with completed data included ]

[ Exclusion: 53 patients without ASL examination

{ 36 patients with ASL examination }

l l l

|
i

35 patients 54 patients 12 patients
PSQl (0-7) PSQI (8-21) PSAQl (0-7)

24 patients
PSQl (8-21)

Figure 1. Flowchart of patient enrollment.

neurology, Huashan Hospital, Fudan University between January
2021 and March 2022. Patient enrollment was conducted accord-
ing to the inclusion criteria and exclusion criteria as follows:
Inclusion criteria: Persons (1) Aged between 50 and 85 years; (2)
With one or more cerebral vascular risk factors, such as hyperten-
sion, diabetes, hyperlipidemia, and smoking; (3) With typical
characteristics of CSVDs in MRI scanning: WHMs (Fazekas
1 and above) are necessary, encephalography, subcortical infarc-
tion, perivascular space enlargement, and cerebral micro bleedings;
(4) With symptoms involved in non-embolic lacunar stroke (uni-
lateral motor/sensory impairment affecting at least two parts of the
body (face, upper extremity, lower extremity, cognitive impair-
ment, gait impairment, dysphagia, dysuria, and mood disorders.
Diagnostic criteria of chronic insomnia:

A. Dissatisfaction with sleep duration or quality.

B. Insomnia causes clinically obvious distress or impairment.

C. Sleep difficulty occurring at least 3 nights per week for at least 3
months.

D. Sleep difficulties occur even when there is ample opportunity
for sleep.

E. Insomnia cannot be attributed to the physiological effects of a
substance.

F. Co-existing mental disorders and medical conditions cannot
fully explain the main complaint of insomnia.

Exclusion criteria: (1) previous or acute large-scale cerebral infarc-
tion or watershed infarction (1.5 cm large); (2) Alzheimer’s disease,
Parkinson’s disease, and other diseases that affect cognitive func-
tion; (3) can not finish the cognitive function test, due to deafness,
hemiplegia, aphasia, and visual impairment, etc.; (4) serious phys-
ical or neurological disorders, such as schizophrenia, bipolar dis-
order and serious depression. (5) dementia due to congenital
mental disorders and other diseases.

The estimated sample size in our study was 48.”

Figure 1 shows a flow diagram of patient enrollment. Written
informed consents were obtained from all participants or their
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families. The study was approved by the Ethics Review Board of
Huashan Hospital before the patient enrollment.

Baseline data collection

Baseline data were collected from medical records including age,
sex, educational background, Hamilton Anxiety Scale (HAMA),
Hamilton Depression Scale (HAMD), and history of hypertension,
diabetes, coronary heart disease, atrial fibrillation, hyperlipemia,
cigarette smoking, and alcohol consumption.

Clinical assessments on the sleep and cognitive function

Sleep evaluation

The Pittsburgh Sleep Quality Index (PSQI) was developed in 1993
and was suitable for domestic patients.'’ The total score of each
factor is the total score of PSQI, which ranges from 0 to 21, with a
higher score indicating worse sleep quality. It is mainly used to
evaluate the sleep quality of the subjects in the last month. The
Insomnia Severity Index (ISI) is a supplementary scale for assessing
the severity of insomnia.'' The total score of ISI will be divided into
4 grades (07 refers to no insomnia, 8-14: mild insomnia, 15-21:
moderate insomnia, 22-28: serious insomnia).

In our study, we divided patients into two groups, respectively,
the normal sleep group (PSQI <7) and the poor sleep group (PSQI
>7). Additionally, patients were also divided into 4 groups accord-
ing to different insomnia symptoms in their PSQI scales, including
normal sleep, difficulty in falling asleep, sleep fragmentation or
early wakening, and mixed symptoms.

Cognitive function evaluation

Mini-Mental State Examination (MMSE),'> Montreal Cognitive
Assessment (Beijing) (MoCA),"? Trail Making Test (TMT),"” Rey-
Osterrich Complex Figure Test (Rey-CFT),'* and Chinese Audi-
tory Verbal Learning Test (AVLT)'” are used to evaluate patients’
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Figure 2. Correlations between cerebral perfusion and insomnia scores. A, the linear correlation between PSQI scores and CBF in grey matter was significant and the association
between PSQI scores and CBF in white matter was not significant. B, we found the significant linear correlation between PSQI scores and regional CBF in left hippocampus, not in

right hippocampus.

cognitive performance. We defined the MoCA score 21/22 as its
cut-off value in order to distinguish mild cognitive impairment
from patients with CSVDs.

Imaging assessments

Fazekas grades

All the patients have completed the brain MRI scanning including
T1Flair, T2WI, T2Flair (Germany, Siemens). The Fazekas scale is
used to quantify the number of white matter lesions, and this
classification has been proposed by Fazekas et al in 1993."°

ASL

Patients with CSVDs underwent a 3-dimensional ASL assessment
(Germany, Siemens, Syngo MR E11). The ASL data were analyzed
and processed by FSL software, and the brain tissue’s absolute
perfusion value (ml/100 g/min) was calculated by calibration data.
Perfusion images and structural images were combined to obtain
perfusion values of different regions of the brain.

Statistical analysis

SPSS 20.0 (IBM, Armonk, NY) and Graph Prism 9.0 (GraphPad
Software, San Diego, CA) were used to perform statistical analyses.
Patients were dichotomized into the normal sleep group (PSQI <7)
and poor sleep group (PSQI >7). MMSE scores, MoCA scores, and
other cognitive assessment scores were tested using the Mann—
Whitney U test. Cerebral blood perfusion values in the whole brain
and respective regions were tested using the Students’ t-test. MoCA
and MMSE scores were compared among the two groups with
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distinct insomnia symptoms based on PSQI, using the Kruskal-
Wallis test. Binary logistic regression analysis was used to evaluate
the correlation between MoCA total score and other covariables
such as educational background, PSQI, ISI, hypertension, and
diabetes, etc., in which MoCA scores were dichotomized with a
cut-off point of 21/22 in the model. P-value was from a two-tailed
test, and a P-value at .05 was considered statistically significant.
Owing to one statistical test we performed, a Bonferroni correction
for multiple testing was applied. The significance level P = .05 was
divided by 2 (see Supplementary material Figure S2), which pro-
vides a significance level corrected for multiple testing: P = .025.

Results
Baseline characteristics and comparisons

A total of 89 patients with CSVDs were enrolled in this study and
36 patients completed the ASL. Forty-three (48%) were male; the
mean age was 66.48 + 8.12 years; and education time was 9 + 1.5
years. Age, sex, body mass index (BMI), education level, Fazekas
grade, and vascular risk factors such as hypertension, coronary
heart disease/atrial fibrillation, diabetes mellitus, hyperlipidemia,
smoking, and drinking did not differ significantly between the two
groups. In patients with higher PSQI scores, 33 patients have
hypertension, 3 have coronary heart disease/atrial fibrillation,
8 have diabetes mellitus, 23 have hyperlipidemia and 11 have
smoking, 13 have alcohol-drinking, and in patients with lower
PSQI scores, 24 patients have hypertension, 3 have coronary heart
disease/atrial fibrillation, 2 have diabetes mellitus, 17 have hyper-
lipidemia and 7 have smoking, 7 have alcohol-drinking. Although
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the MMSE scores revealed no significant difference between the  Associations among insomnia, cognition, and cerebral
two groups (higher PSQI scores group and lower PSQI group),  perfusion

there was a statistically significant difference in MoCA scores. In
the specific cognitive domain, there were differences in the recall (P
=.0342) in MMSE, the delayed recall (P =.0289) in MoCA, recall (P
=.0352) in Rey-CFT, the total score of Chinese AVLT (P =.0263)
and its immediate recall score (P = .0335), short delayed score (P =
.0151) and recognition discriminability (P =.0434) between the two
groups (see Table 1).

We then divided the patients with insomnia into two subgroups
according to MoCA scores, and found no significant differences in
left hippocampal perfusion and also in another regional perfusion
of grey matter and white matter (see Table 2).

In comparisons between normal sleep and poor sleep groups, we
found that left hippocampal grey matter perfusion was significantly

Table 1. Comparisons Between the Normal Sleep Group and Poor Sleep Group in Patients With CSVDs

Characteristics PSQI (0-7) PSQI (8-21) P value
Age, y, mean (SD) 67.20 (8.48) 66.02 (7.93) .5059
Male, n (%) 17 (48.57) 26 (48.15) 19690
Hypertension, n (%) 24 (68.57) 33 (61.11) 4740
Coronary heart disease /Atrial fibrillation, n (%) 3(8.57) 3 (5.56) .6140
Diabetes mellitus, n (%) 2 (5.71) 8 (15.09) .1570
Hyperlipidemia, n (%) 17 (48.57) 23 (43.40) .6330
Smoking, n (%) 7 (20.00) 11 (21.15) .8960
Alcohol, n (%) 7 (20.58) 13 (24.53) 6700
Height, cm, mean (SD) 163.46 (5.56) 162.91 (7.96) 7031
Weight, kg, mean (SD) 64.06 (11.00) 61.74 (9.41) 2927
BMI, kg/m2, mean (SD) 23.92 (3.53) 23.21 (2.71) 12880
Depression based on HAMD, n (%) 9 (25.71) 8 (14.81) .2039
Anxiety base on HAMA, n (%) 10 (28.57) 13 (24.08) .6310

Educational background

Educational years <3, n (%) 1(2.86) 3 (5.56)
3 = < Educational years <12, n (%) 28 (80) 42 (77.76) .8261
Educational years > = 12, n (%) 6 (17.14) 9 (16.67)

Fazekas grade

Fazekas I, n (%) 4(11.43) 6(11.11)

Fazekas Il, n (%) 14 (40.00) 23 (42.59) .8567
Fazekas Ill, n (%) 17 (48.57) 25 (49.30)

MMSE, medium (IQR) 27 (1) 27 (2) 19900
Orientation (MMSE), medium (IQR) 9 (1) 9 (0)

Immediate recall (MMSE), medium (IQR) 3(0) 3(0) 7399
Attention & Calculation, medium (IQR) 5(1) 4 (1) 7111
Recall (MMSE, medium (IQR) 3(2) 2(2) .0342*
Linguistic capability (MMSE), medium (IQR) 8(2) 9 (1) .1070
MoCA, medium (IQR) 23 (2) 20 (4) 0317*
Visuospatial & Executive function, medium (IQR) 4(2) 4 (1) .3656
Naming, medium (IQR) 2 (0) 2 (1) 9928
Attention, medium (IQR) 5 (0) 2 (1) .9499
Linguistic capability (MoCA), medium (IQR) 2 (0) 2 (1) .3540
Abstraction, medium (IQR) 1(0) 1(2) 6646
Delayed recall (MoCA), medium (IQR) 0.5 (0.5) 0(2) .0289*
Orientation (MoCA), medium (IQR) 6 (1) 6 (1) 5837

Trial Making Test

Trial-A, s, mean (SD) 81 (22) 74 (20) 1370
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Table 1. Continued
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Characteristics PSQI (0-7) PSQI (8-21) P value
Trial-B, s, mean (SD) 215 (46) 199 (47.5) 1779
Rey-Osterrich Complex Figure Test

Rey complex figure (Copy), medium (IQR) 34 (5) 33 (5) 5669
Rey complex figure (Recall), medium (IQR) 16 (8) 12 (7) .0352*
AVLT total score, medium (IQR) 18 (5) 13.5 (4.5) .0263*
Immediate recall, medium (IQR) 13 (2) 11 (3) .0335*
Short delay free recall, medium (IQR) 4(2) 3(2) .0151*
Recognition discriminability, medium (IQR) 20(1) 18 (2) .0434*

Abbreviations: AVLT, auditory-verbal learning test; CSVD, cerebral small vessel diseases; HAMA, Hamilton anxiety scale; HAMD, Hamilton depression scale; IQR, interquartile range; MMSE, mini-
mental state examination, MoCA, Montreal cognitive assessment; PSQI, Pittsburgh sleep quality index; SD, standard deviation.

*statistically significant.

Table 2. Comparisons Between Normal Cognition and Poor Cognition in Patients With Insomnia

Characteristics MoCA(22-30) MoCA(0-21) P value
Subjects, n (%) 43 (48.31) 46 (51.69)

Age, y, mean(SD) 65.3 (7.47) 67.59 (8.62) .1865

Male, n (%) 18 (59.14) 28 (39.13) 0729

Hypertension, n (%) 28 (65.12) 17 (63.04) .8386

Diabetes mellitus, n (%) 5(11.63) 5(11.11) 1.0000
Coronary heart diseaseAtrial fibrillation, n (%) 3(6.98) 1(2.33) .6160

Hyperlipidemia, n (%) 25 (58.14) 15 (33.33) .0195*
Smoking, n (%) 11 (61.11) 7 (38.89) 2211

Alcohol, n (%) 13 (30.95) 7 (15.55) .0881

Height, cm, mean(SD) 164.88 (6.61) 161.44 (7.17) .0217*
Weight, kg, mean(SD) 64.23 (10.59) 61.16 (9.42) .1531

BMI, kg/m?, mean(SD) 23.58 (3.27) 44.62 (143.87) 3405

Depression based on HAMD, n (%) 9 (20.93) 8(17.39) 6713

Anxiety base on HAMA, n (%) 12 (27.91) 11 (23.91) 6671

Educational background

Educational years <3, n (%) 0 (0) 4 (8.70) <.0001*
3 = < Educational years <12, n (%) 29 (67.44) 41 (89.13)

Educational years > = 12, n (%) 14 (32.56) 1(2.17)

Fazekas grade

Fazekas I, n (%) 3 (6.68) 6 (13.04) .1555

Fazekas Il, n (%) 22 (51.16) 15 (32.61)

Fazekas lll, n (%) 17 (39.53) 25 (54.34)

Characteristics in ASL P value
Subjects, n (%) 21 (58.33) 15 (41.67)

Cerebral WM mean, ml/100 g/min, mean (SD) 15.54 (5.84) 17.56 (7.84) .3823

Cortical GM mean, ml/100 g/min, mean (SD) 22.33 (8.69) 23.92 (10.03) 6153

GM mean, ml/100 g/min, mean (SD) 20.4 (7.62) 21.71 (9.25) .6449

WM mean, ml/100 g/min, mean (SD) 15.03 (5.65) 17.07 (7.53) .3593

Gray matter

Left periventricular area, ml/100 g/min, mean (SD) 18.81 (7.63) 20.43 (10.02) .5845

Left thalamus, ml/100 g/min, mean (SD) 22.91 (9.45) 28.56 (14.51) 1997
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Table 2. Continued
Characteristics MoCA(22-30) MoCA(0-21) P value
Left hippocampus, ml/100 g/min, mean (SD) 22.82 (7.94) 24.08(11.67) 7029
Left amygdaloid nucleus, ml/100 g/min, mean (SD) 20.1 (8.31) 22.86 (10.2) .3780
Right periventricular area, ml/100 g/min, mean (SD) 20.8 (8.82) 22.32 (9.53) 6267
Right thalamus, ml/100 g/min, mean (SD) 22.69 (9.71) 28.56 (12.1) 1161
Right hippocampus, ml/100 g/min, mean (SD) 23.82 (8.71) 26.09 (10.41) 4824
Right amygdaloid nucleus, ml/100 g/min, mean (SD) 20.61 (7.71) 24.52 (8.82) .1662
White matter
Left periventricular area, ml/100 g/min, mean (SD) 17.62 (7.59) 17.73 (9.01) 9692
Left thalamus, ml/100 g/min, mean (SD) 20.81 (7.28) 21.53 (10.19) .8051
Left hippocampus, ml/100 g/min, mean (SD) 16.05 (6.7) 17.56 (8.76) 5611
Left amygdaloid nucleus, ml/100 g/min, mean (SD) 15.28 (5.95) 17.09 (7.64) 4289
Right periventricular area, ml/100 g/min, mean (SD) 20.54 (8.74) 21.01 (10.56) .8845
Right thalamus, ml/100 g/min, mean (SD) 20.73 (7.34) 23.11 (10.15) 4185
Right hippocampus, ml/100 g/min, mean (SD) 17.44 (6.46) 20.31 (7.81) .2370
Right amygdaloid nucleus, ml/100 g/min, mean (SD) 16.39 (5.83) 18.46 (6.69) 3293

Abbreviations: ASL, arterial spin labeling; BMI, body mass index; GM, gray matter; HAMA, Hamilton anxiety scale; MoCA, Montreal cognitive assessment; SD, standard deviation; WM, white matter.

*statistically significant.

reduced (P = .0384) in the poor sleep group and found no signif-
icant differences in other regional grey matter perfusion and white
matter perfusion (see Table 3).

Insomnia was independently related to cognitive decline

In the binary logistic regression analyses, considering MoCA score as
the dependent variable, education background, Fazekas rating, age,
and ISI score as the covariables, we found that the results showed that
educational background (P < .001) and ISI score (P = .039) were
independently correlated with MoCA total score (see Table 4).

Correlations between left hippocampal perfusion and insomnia

We curved the correlation between cerebral perfusion, hippocampal
grey matter perfusion, and PSQI scores, and found a significant
relationship between whole grey matter perfusion and the PSQI
score (P =.0241, r = 0.38, 95%CI: 0.04-0.63), and significant rela-
tionship between left hippocampal perfusion and PSQI scores with P
=.0065 (r = —0.045, 95%CI: [—0.68]-[—0.13]). The results showed
the compensation of whole grey matter and decreased function of left
hippocampal perfusion in insomniac patients (see Figure 2).

Discussion

Our study found that insomnia was associated with cognitive
decline in patients with CSVD, and reduced left hippocampal
perfusion was correlated with the severity of insomnia. This indi-
cated the vital role of the left hippocampal in the pathophysiology
of insomnia and cognitive impairment.

The underlying mechanism (also imaging characteristics) of
insomnia was associated with cortical atrophy'” and hypertrophy.
And, sleep quality and duration were associated with fractional
anisotropy and mean diffusivity.'® Alterations in grey and white
matter that emerged early in development were associated with
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poor sleep.'” In addition, the involvement of the brain circuit in
sleep may support the regulation of circadian and homeostatic
components.”’ However, the relationship between cerebral perfu-
sion and insomnia was little investigated in clinical practice. Our
study paid attention to the association between cerebral perfusion
and insomniac disorder and found a negative correlation between
insomnia and hippocampal perfusion.

The role of regional or hippocampal perfusion in sleep disorders
needs a clear explanation. In a normal sleep-wake cycle, deep or
slow wave sleep was characterized by a global reduction in cerebral
blood flow (CBF), such as a reduction in thalamic and limbic
perfusion. While rapid eye movement (REM) sleep was character-
ized by the activation of limbic areas including activation of hip-
pocampal perfusion.”’ In non-REM sleep, hippocampal activity did
not change compared with wakefulness, which suggested the
homeostatic or restorative role of neuronal glycogen in non-
REM.” And, in non-REM sleep, a profound activation of the
limbic core (hippocampus and amygdala) could be related to rich
contents of dreams and memory formation.”>** Our study found
that the left hippocampal perfusion was decreased in insomnia or
sleep deprivation which not only led to the deactivation of the
hippocampal in non-REM and REM sleep and damaged memory
formation and neuronal glycogen restoration. The difference
between right and left hemisphere dysfunction in dementia and
motor disorders” was evaluated by clinical neurologists such as
reduced left hemispheric perfusion in left-sided symptom domi-
nance Parkinson’s patients.”® Our study found the left dominance
low perfusion in the hippocampus was associated with sleep-
related cognitive impairments.

The relationship between insomnia and sleepiness has been
established. For example, daytime sleepiness was associated with
cognitive decline in old people.”” Another study found that daytime
sleepiness was related to a decline in attention and executive func-
tion.”® Also, executive functions and processing speed were associ-
ated with the cortical blood flow alterations in CSVDs.”” Declined
CBF in the whole brain may result from white matter hyperintensity
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Table 3. Comparisons of ASL Results Between Normal Sleep Group and Poor Sleep Group in Patients With CSVDs

Characteristics PSQI (0-7) PSQI (8-21) P value
Cerebral WM mean, ml/100 g/min, mean (SD) 14.94 (2.85) 15.37 (1.05) 4557
Cortical GM mean, ml/100 g/min, mean (SD) 20.15 (3.68) 24.45 (3.68) 2373
GM mean, ml/100 g/min, mean (SD) 18.79 (3.55) 22.13 (3.89) 2798
WM mean, ml/100 g/min, mean (SD) 13.83 (2.03) 15.49 (2.11) 3791
Gray matter

Left periventricular area, ml/100 g/min, mean (SD) 20.94 (5.30) 14.4 (3.21) 2146
Left thalamus, ml/100 g/min, mean (SD) 28.71 (8.12) 20.2 (9.26) .1300
Left hippocampus, ml/100 g/min, mean (SD) 25.14 (3.89) 18.08 (5.15) .0384*
Left amygdaloid nucleus, ml/100 g/min, mean (SD) 21.92 (3.8) 15.86 (3.53) .0987
Right periventricular area, ml/100 g/min, mean (SD) 21.37 (5.72) 20.43 (3.04) .6132
Right thalamus, ml/100 g/min, mean (SD) 29.03 (8.88) 23.01 (1.77) .2832
Right hippocampus, ml/100 g/min, mean (SD) 23.01 (2.08) 26.39 (6.37) .2403
Right amygdaloid nucleus, ml/100 g/min, mean (SD) 22.66 (3.67) 18.90 (1.07) 2271
White matter

Left periventricular area, ml/100 g/min, mean (SD) 16.68 (3.96) 17.4 (5.97) .8557
Left thalamus, ml/100 g/min, mean (SD) 22.96 (7.04 19.60 (3.27) .5400
Left hippocampus, ml/100 g/min, mean (SD) 17.87 (4.42) 14.38 (4.07) .1042
Left amygdaloid nucleus, ml/100 g/min, mean (SD) 17.34 (2.83) 15.77 (1.73) .2684
Right periventricular area, ml/100 g/min, mean (SD) 18.91 (6.07) 20.81 (5.53) .3833
Right thalamus, ml/100 g/min, mean (SD) 22.04 (5.07) 19.41 (5.47) .3975
Right hippocampus, ml/100 g/min, mean (SD) 16.03 (3.03) 18.5 (2.66) 2115
Right amygdaloid nucleus, ml/100 g/min, mean (SD) 15.77 (1.73) 17.34 (2.83 .2684

Abbreviations: ASL, arterial spin labeling; CSVD, cerebral small vessel diseases; GM, gray matter; PSQI, Pittsburgh sleep quality index; SD, standard deviation; WM, white matter.
*statistically significant.

such as cerebral microbleeds. In addition, a larger sample may be
needed for sufficient statistical power to obtain significant results.
Finally, a single questionnaire is not relatively enough to assess

Table 4. Logistic Regression Analysis

Covariables (Dependent variable: dichotomized MoCA with

21/22) P value ‘ , ) e ) )

el p N patients’ sleep quality, and more subjective questionnaire scales
Educational backgroun =001 and even objective monitoring like polysomnography will be
Fazekas grade 572 needed for better assessing sleep quality.
Age A7

ISI score 047" Conclusion

Hypertension .376 In conclusion, in CSVD patients with insomnia, the more obvious
Diabetes mellitus 203 insomnia symptoms are, the more severe the cognitive impairment

is, especially the short-term memory impairment. However, differ-
ent types of insomnia symptoms based on PSQI are not related to
cognitive impairment. There may be a correlation among sleep,
memory, and local cerebral perfusion alteration, for example, left

Abbreviations: IS, insomnia severity index; MoCA, Montreal Cognitive Assessment.
*statistically significant.

(WMH) in patients with CSVDs and there was a negative correlation
between CBF and WMHs.” Our study implied that insomnia
symptoms might be related to decreased perfusion of gray matter
in the left hippocampus in those with CSVDs and WMHs, and this
perfusion change may indirectly influence cognitive function, espe-
cially in memory.

There are some limitations to the present study. First, in this
cross-sectional study, we are unable to investigate the causal rela-
tionship between cognitive impairment and insomnia in patients
with CSVDs and WMHs. Second, there are multi-factors affecting
patients’ cognitive test performance, including the CSVD markers

https://doi.org/10.1017/51092852923002250 Published online by Cambridge University Press

hippocampal gray matter, in patients with CSVDs and WMHs.
And we suspected that this perfusion change might indirectly influ-
ence cognitive function, especially in memory, through poor sleep
performance.

Abbreviations

AVLT  auditory-verbal learning test
CSVD  cerebral small vessel diseases
HAMA Hamilton anxiety scale
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CNS Spectrums

HAMD Hamilton depression scale

ISI insomnia severity index
MMSE  mini-mental state examination
MoCA  Montreal cognitive assessment
PSQI Pittsburgh sleep quality index
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found at https://doi.org/10.1017/51092852923002250.
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