
1

Submitted: 1 May, 2019; Revised: 30 August, 2019

© Sleep Research Society 2019. Published by Oxford University Press on behalf of the Sleep Research Society. 
All rights reserved. For permissions, please e-mail journals.permissions@oup.com.

Original Article

Association of obstructive sleep apnea and cerebral small 
vessel disease: a systematic review and meta-analysis
Yuhong Huang1,†, Chunsong Yang2,†, Ruozhen Yuan1, Ming Liu1,*, Zilong Hao1,* 

1Department of Neurology, West China Hospital, Sichuan University, No. 37, Guo Xue Xiang, Chengdu, Sichuan 
610041, China and 2Department of Pharmacy, Evidence-Based Pharmacy Center, West China Second Hospital, 
Sichuan University, Chengdu, Sichuan 610041 China

*Corresponding author. Zilong Hao, Center of Cerebrovascular Disease, Department of Neurology, West China Hospital, Sichuan University, No. 37, Guo 
Xue Xiang, Chengdu, Sichuan 610041, China. Email: zhilong1983@126.com; or Ming Liu, Email: wyplmh@hotmail.com

†These authors contributed equally to this study.

Abstract
Study Objectives: The objective of the present study was to investigate the association between obstructive sleep apnea (OSA) and the presence of 
various neuroimaging marker of cerebral small vessel disease (CSVD).

Methods: We systematically searched PubMed, Embase, Web of Science, Scopus, and Cochrane library (from inception to May 2019) for studies 
evaluating the association between OSA and CSVD, which included white matter hyperintensities (WMH), silent brain infarction (SBI), cerebral 
microbleeds (CMBs), and perivascular spaces (PVS). Pooled odds ratios (ORs) with 95% con+dence interval (CIs) were estimated using random-effects 
meta-analysis.

Results: After screening 7290 publications, 20 studies were +nally included involving 6036 subjects. The sample size ranged from 27 to 1763 (median 158, 
interquartile range: 67–393). The meta-analysis showed that moderate to severe OSA was positively associated with WMH (13 studies, n = 4412, OR = 2.23, 
95% CI = 1.53 to 3.25, I2 = 80.3%) and SBI (12 studies, n = 3353, OR 1.54, 95% CI = 1.06 to 2.23, I2 = 52%). There was no association with CMBs (three studies, 
n = 342, OR = 2.17, 95% CI = 0.61 to 7.73, I2 = 60.2%) or PVS (two studies, n = 267, OR = 1.56, 95% CI = 0.28 to 8.57, I2 = 69.5%). There was no relationship 
between mild OSA and CSVD.

Conclusion: Current evidence suggests that moderate to severe sleep apnea is positively related to WMH and SBI, but not CMBs or PVS, which suggests 
that OSA may contribute to the pathogenesis of CSVD. Further large cohort studies should be prioritized to con+rm the +ndings.

Key words: obstructive sleep apnea; white matter hyperintensities; silent brain infarction; cerebral microbleeds; cerebral small 
vessel disease

Statement of Signi!cance
Cerebral small vessel disease (CSVD) is often regarded as an incidental +nding on brain magnetic resonance imaging (MRI) and manifests 
as white matter hyperintensities (WMH), silent brain infarction (SBI), cerebral microbleeds (CMBs), and perivascular spaces (PVS). CSVD is 
associated with an increased risk of stroke, cognitive impairment, and death. It is important to identify the risk factors for CSVD to ensure 
early prevention. This systematic review includes 20 studies that indicate that moderate to severe sleep apnea is positively related to WMH 
and SBI but not CMBs or PVS. OSA may be a potential risk factor for CSVD, which may guide efforts to prevent CSVD. Long-term follow-up 
studies are required to con+rm the relationship between OSA and CSVD.
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Introduction
Cerebral small vessel disease (CSVD) is often regarded as an 
incidental +nding on brain magnetic resonance imaging (MRI) 
and manifests as white matter hyperintensities (WMH), silent 
brain infarction (SBI), cerebral microbleeds (CMBs), and peri-
vascular spaces (PVS) [1, 2]. Recent meta-analyses have indi-
cated that CSVD is associated with an increased risk of overt 
stroke, cognitive impairment or dementia, and death [3–6]. 
With the aging of the population and the increased use of ad-
vanced brain imaging modalities, the prevalence of CSVD is 
expected to increase among asymptomatic individuals [7]. It is 
important to identify the risk factors for CSVD to ensure early 
prevention and decrease the occurrence of CSVD and its com-
plications. Age, hypertension, diabetes mellitus, and smoking 
are regarded as risk factors for CSVD [2, 8]. However, these 
traditional risk factors do not fully explain the occurrence of 
CSVD [9].

Obstructive sleep apnea (OSA) is characterized by recur-
rent episodes of hypoxia during sleep and is a major public 
health problem because of its high prevalence in the general 
population [10]. Recent studies have shown that severe OSA 
is associated with hypertension, atherosclerosis, cardiovas-
cular disease, and stroke [10–13]. These data suggest that OSA 
might be associated with an increased risk of CSVD by pro-
moting the occurrence of hypertension and endothelial dys-
function. However, con,icting results have been reported in 
previous studies investigating the association between OSA 
and neuroimaging markers of CSVD. While some studies found 
no association between OSA and CSVD, others indicated that 
moderate to severe OSA was an independent risk factor for 
leukoaraiosis and SBI [14–18]. In addition, most of those studies 
involved relatively small samples. Therefore, we conducted a 
systematic review and meta-analysis to investigate the associ-
ation between OSA and the presence of various neuroimaging 
marker of CSVD.

Methods
Search strategy and eligible studies

We systematically searched PubMed, Embase, Web of Science, 
Scopus, and Cochrane library (from inception to May 2019) for 
observational studies (cohort, cross-sectional, and case-control 
studies) evaluating the association between OSA and CSVD 
(WMH, SBI, CMBs, or PVS). We conducted the study in ac-
cordance with the Meta-Analysis of Observational Studies in 
Epidemiology guidelines [19] and the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) [20]. The 
Boolean search used the following terms to search for rele-
vant studies: obstructive sleep apnea, obstructive sleep apnea 
syndrome, sleep-disordered breathing, sleep-related breathing 
disorder, sleep disorders, sleep apnea, cerebral small vessel 
disease, white matter hyperintensities, white matter lesions, 
white matter abnormalities, white matter disease, white matter 
change, leukoaraiosis, silent lacunar infarctions, silent brain 
infarction, silent cerebral infarct, lacunar infarctions, lacunae 
lesions, cerebral microbleeds, perivascular spaces, silent cere-
brovascular disease, silent cerebrovascular lesions, stroke, cere-
brovascular disease, brain injury, subclinical brain damage, and 

subclinical cerebrovascular disease. The reference lists of the 
included studies were also checked. The following inclusion cri-
teria were applied: (1) studies involved any type of participants; 
(2) studies investigated the association between OSA and CSVD, 
including WMH, SBI, CMBs, and PVS; (3) OSA was evaluated by 
objective methods, such as polysomnography (PSG) or pulse 
oximetry; (4) imaging markers of CSVD were measured using 
either MRI or computed tomography (CT); (5) results were re-
ported as odds ratio (OR) or risk ratio (RR) with 95% con+dence 
interval (CI), or the OR or RR could be calculated. Studies were 
excluded if: (1) WMH were measured by advanced MRI methods, 
such as magnetic resonance spectroscopy for metabolic status 
or diffusion tensor imaging for the region of interest of WMH; 
(2) OSA was diagnosed based only on clinical symptoms or 
scales; or (3) the study was a case report, case series, confer-
ence proceeding, or anything written in a language other than 
English. If publications involved overlapping study populations, 
only the most relevant or recent was included. Because this was 
a systematic review of published studies, ethical approval was 
not required.

Study selection and data extraction

Two trained neurologists (R.Y. and Z.H.) screened the titles and 
abstracts of all documents and excluded obviously irrelevant 
studies. The full articles were obtained for further evaluation 
if screening of the titles and abstracts was considered insuf-
+cient. Two trained neurologists (Y.H. and Z.H.) independently 
read the full-text articles and performed data extraction. The 
following information was extracted from each study using a 
predesigned data extraction form: (1) authors and publication 
year; (2) study design and sample; (3) baseline characteristics of 
participants, such as age and sex; (4) assessment and diagnostic 
criteria of OSA; (5) assessment of CSVD; (6) reported or calcu-
lated OR and 95% CI for CSVD; and (7) adjusted confounders in 
individual studies. Discrepancies at any stage were resolved by 
discussion.

Quality assessment

Two reviewers (Y.H.  and C.Y.) independently conducted the 
quality assessment. The quality of cross-sectional studies 
was assessed using the checklist for analytical cross-sectional 
studies developed by the Joanna Briggs Institute (JBI) [21]. This 
checklist includes the following eight items: (1) were the cri-
teria for inclusion in the sample clearly de+ned? (2) Were the 
study subjects and the setting described in detail? (3) Was the 
exposure measured in a valid and reliable way? (4) Were ob-
jective, standard criteria used for measurement of the condi-
tion? (5) Were confounding factors identi+ed? (6) Were strategies 
to deal with confounding factors stated? (7) Were the outcomes 
measured in a valid and reliable way? (8) Was appropriate statis-
tical analysis used? Each item was classi+ed as Yes, No, Unclear, 
or Not applicable. We assessed the quality of cohort and case-
control studies using the Newcastle–Ottawa Scale (NOS). This 
scale is based on three aspects of the study: (1) selection of par-
ticipants, (2) comparability of study groups, and (3) outcome. 
The highest-quality study receives nine stars [22]. Any disagree-
ments were resolved by discussion.
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Statistical methods

The OR and 95% CI were calculated for four types of CSVD if two 
or more studies were included. We used the I2 test to evaluate 
heterogeneity. If I2 was more than 50%, we considered the study 
to have substantial heterogeneity. A random-effects model was 
used regardless of the extent of heterogeneity. We conducted 
subgroup analysis based on the following factors: (1) different 
criteria of sleep apnea (apnea–hypopnea index [AHI], oxygen 
desaturation index [ODI], more than 4% falls in arterial satur-
ation (SaO2) per hour]; (2) study design (cohort, cross-sectional, 
and case-control studies); (3) source of participants (population-
based study or sleep clinic); (4) studies with or without ad-
justed confounders, (5) region of study (Asia or non-Asia); (6) 
mean or median age reported in individual study (<60, 60–69, 
and ≧70 years). These factors may contribute to the heterogen-
eity. Potential publication bias was investigated using Begg’s 
and Egger’s tests as well as funnel plots. We also conducted a 
sensitivity analysis by excluding one study at a time. All ana-
lyses were conducted with Stata 11 software (StataCorp, College 
Station, TX) and R version 3.4.2 (R Foundation for Statistical 
Computing, Vienna, Austria).

Data availability

The data supporting the +ndings were extracted from the pub-
lished studies. All the data are available from the corresponding 
author upon reasonable request.

Results
Literature search

The search and study selection processes are shown in Figure 1. 
Brie,y, 7290 publications were identi+ed after the initial litera-
ture search. After reading the titles and abstracts, 75 publications 
were identi+ed for further assessment. Of these, we excluded 
55 studies for different reasons. The characteristics and main 
results of these excluded studies are shown in Supplementary 
Table S1. In the end, 20 studies involving 6036 patients were in-
cluded in this systematic review [14–18, 23–37].

Characteristics of included studies

The detailed characteristics of the included studies are shown 
in Table 1 and Supplementary Table S2. Of the 20 included 
studies, 10 were performed in Asia [14, 15, 23, 24, 27, 28, 30, 32, 
34, 37], 5 in Europe [25, 26, 29, 33, 35], and 5 in the United States 
[16–18, 31, 36]. With respect to the study design, 15 studies were 
cross-sectional studies [14–16, 23–32, 35, 36], 2 were prospective 
cohort studies [17, 18], and 3 were case-control studies [33, 34, 
37]. We categorized the studies into groups of WMH, SBI, CMBs, 
and PVS according to the type of CSVD metric(s) reported in in-
dividual studies. Most studies reported on the association be-
tween OSA and one type of CSVD, but two studies reported on 
the association between OSA and more than two types of CSVD 
(Supplementary Table S2) [15, 16]. Thirteen studies investigated 

Figure 1. Flow diagram of literature search processing for the systematic review.
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the association between OSA and WMH [15, 16, 18, 23, 26–31, 33, 
35, 37], 12 between OSA and SBI [15–18, 24–26, 28, 30, 32–34], 3 
between OSA and CMBs [14–16], and 2 between OSA and PVS 
[15, 36]. The number of participants ranged from 27 to 1763 (me-
dian, 158 [interquartile range (IQR): 67–393]). The proportion of 

male participants ranged from 29% to 100%. Most studies (17/20, 
85%) used PSG for assessment of OSA, and the others used pulse 
oximetry. For PSG measurement, the severity of OSA was meas-
ured by the AHI and classi+ed as follows: normal, AHI of more 
than 5; mild OSA, AHI of 5 to more than 15; moderate OSA, AHI 

Table 1. The baseline characteristics of 20 included full-text studies

Author 
and year Study design Participants

Sample  
size

Age mean  
(years)

Men  
%

OSA  
assessment OSA de+nition

Koo 
2017 [14]

Cross-sectional study 
Korea

Sleep center 
without stroke history

75 60.5 60% Overnight PSG AHI ≧ 15, 36%

Song 2017 
[15]

Cross-sectional study 
Korea

Sleep center 
stroke history: 5.3%

170 58 ± 13 57.1% Overnight PSG AHI ≧ 15, 44.1%

Del Brutto 
2017 [16]

Cross-sectional study 
United States

Population-based study 
without stroke history

97 72.3 ± 7 35% Overnight PSG AHI ≧ 15, 27.8%

Lutsey 2016 
[17]

Prospective cohort study 
United States 
Follow-up:15 years

Population-based study 312 61.7 ± 5 46% Overnight PSG AHI ≧ 15, 19%

Robbins 
2005 [18]

Cross-sectional and cohort 
study 

United States

Population-based study 843 77 ± 4.3 42% In-home PSG AHI ≧ 15, 23.3%

Baik 2015 
[23]

Cross-sectional study 
Korea

Population-based study 
without stroke history

1763 ≈58 54.2% Overnight PSG AHI ≧ 15, 14.2%

Cho 
2013 [24]

Cross-sectional study 
Korea

Population-based study 
without stroke history

746 59.25 33.8% PSG AHI ≧ 15, 12.06%

Alvarez- 
Sabín  
2018 [25]

Matched cross-sectional 
study 

Spain

Hypertensive subjects 
without stroke history

183 64.1 ± 4.5 72.1% Overnight PSG AHI > 30, 40.4%

Kepplinger 
2014 [26]

Cross-sectional study 
Germany

Patients with acute  
cerebral ischemia  
or TIA

56 64 ± 8 46% Nocturnal 
respiratory 
polygraphy

AHI ≧ 15, 29%

Choi 2016 
[27]

Cross-sectional study 
Korea

Community-based study 420 61.3 ± 7.2 40.7% Overnight PSG AHI ≧ 15, 14.3%

Yilmaz 
2016 [28]

Cross-sectional study 
Turkey

Sleep center 
without stroke history

453 Median 
51 (22–84)

69.2% Overnight PSG AHI≧15, 53.4%

Schulz 
2013 [29]

Cross-sectional study 
UK

Substudy of the  
MOSAIC trial

183 57.7 ± 7.4 85.2% Home oximetry ODI > 7.5  
(≧7.5 dips  
of>4% SaO2/h)

Nishibayashi 
2008 [30]

Cross-sectional study 
Japan

Sleep clinic without 
stroke history

192 50.6 88.5% Overnight PSG AHI ≧ 15, 77.1%

Kiernan 
2011 [31]

Cross-sectional study 
United States

Sleep database 
Hypertensive patients 

without stroke history

62 67 ± 12 68% PSG AHI ≧ 15 or CPAP 
69%

Eguchi 
2005 [32]

Cross-sectional study 
Japan

Health screening 146 67.4 ± 9.0 26% Pulse oximetry ODI

Davies  
2001 [33]

Case-control study 
UK

Case: sleep clinic 
Control: register of a  

general practice  
without stroke  
history

90 Case: 52 ± 10 
Control: 52 ± 10

100% Arterial oxygen 
saturation 
measurements

>4% falls in  
arterial satur-
ation (Sa02)/h

Minoguchi 
2007 [34]

Case-control study 
Japan

Case: NA 
Control: obesity  

without stroke  
history

65 Case: 51 ± 2 
Control: 49 ± 3

100% PSG AHI ≧ 15, 48%

Maurousset 
2017 [35]

Cross-sectional study 
France

Patients with late- 
onset epilepsy

27 67.8 ± 8.6 59.3% PSG AHI ≧ 15, 56%

Del Brutto 
2019 [36]

Cross-sectional study 
United States

Population-based  
study

97 72.3 ± 7 35% PSG AHI ≧ 15, 28%

Gunbatar 
2016 [37]

Case-control study 
Turkish

Sleep clinic 
without history of  

cerebrovascular  
disease

56 AHI (15–30): 50.14 
AHI (≧30): 
48.84 
Control: 49.05

69.6% PSG AHI ≧ 15, 62.5%

TIA, transient ischemic attack; MOSAIC, Multicentre Obstructive Sleep Apnoea Interventional Cardiovascular Trial; CPAP, continuous positive airway pressure; NA, not 
applicable.
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of 15 to more than 30; and severe OSA, AHI of 30 or more. Most 
of the included studies used an AHI of 15 or more as the cutoff 
point to investigate the association between OSA and CSVD. All 
included studies but one (used both CT and MRI) used MRI (0.5–
3.0 T) to detect markers of CSVD. The scales or criteria used for 
judging presences of CSVD varied across studies. For WMH, four 
studies used the age-related white matter changes (ARWMC) 
scale [23, 27, 29, 31], two studies used the Fazekas scale [15, 16], 
four studies used self-de+ned visualized grade [18, 30, 33, 37], 
one study used Wahlund score [26], one study mentioned visual-
ized presence [35], and one study was unclear [28]. For SBI, most 
studies used ,uid-+lled cavities (3–20 mm) located in the terri-
tory of a perforating arteriole. CMBs were low-signal intensity 
lesions on T2*-weighted gradient-echo images. PVS were punc-
tate or linear hyperintense lesions (<3mm) on T2-weighted im-
ages. More details are shown in Supplementary Table 2. Eleven 
studies reported adjustment for confounders [14–17, 23–27, 
29, 32], the most common of which were age and hyperten-
sion (Table S3). Quality assessments for each study are shown 
in Supplementary Tables S4 and S5. For cross-sectional studies 
using the JBI checklist (eight items), all studies were appraised 
and accepted if “Yes” was selected for more than +ve questions. 
All cohort and case-control studies were rated as seven stars 
based on NOS criteria, except for one study given six stars.

Association between OSA and WMH

Thirteen studies (n  =  4412) investigated the association be-
tween moderate to severe OSA and WMH. The meta-analysis 

showed that moderate to severe OSA was positively associated 
with WMH (OR = 2.23, 95% CI = 1.53 to 3.25, I2 = 80.3%) (Figure 
2). Meta-analysis of the 11 studies using AHI of 15 or more as 
the criterion of moderate to severe OSA indicated an associ-
ation between OSA and WMH (OR = 2.33, 95% CI = 1.76 to 3.09, 
I2 = 28.6%). In contrast, this association was not present in data 
from one study using ODI [29] and another study using more 
than 4% fall in SaO2 per hour (Figure 2) [33]. The combined re-
sults of six studies (n = 3841) showed no relationship between 
mild OSA (AHI of 5 to <15) and WMH (OR = 1.14, 95% CI = 0.79 to 
1.63, I2 = 44.7%) (Supplementary Figure S1) [15, 18, 23, 27, 28, 30].

Association between OSA and SBI

For SBI, 12 studies involving 3353 participants were included in 
the combined analysis. The meta-analysis showed that mod-
erate to severe OSA was positively associated with SBI (OR = 1.54, 
95% CI = 1.06 to 2.23, I2 = 52%; Figure 3), whereas the combined 
results of +ve studies (n = 1970) showed no association between 
mild OSA (AHI of 5 to <15) and SBI (OR = 1.13, 95% CI = 0.56 to 
2.26, I2 = 58.5%; Supplementary Figure 1) [15, 17, 18, 28, 30]. Data 
from one study using the more than 4% fall in SaO2 per hour 
criterion did not indicate an association between OSA and SBI 
(Figure 3) [33].

Association between OSA and CMBs or PVS

Three studies (n = 342) reported the results of the association 
between OSA and CMBs. The meta-analysis showed a tendency 

Figure 2. The combined OR and 95% CI of association between OSA and WMHs.
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toward an association between moderate to severe OSA and 
CMBs, although it was not statistically signi+cant (OR = 2.17, 95% 
CI = 0.61 to 7.73, I2 = 60.2%). Two studies (n = 267) reported the 
results of OSA and PVS [15, 36], indicating that moderate to se-
vere OSA was not associated with PVS (OR = 1.56, 95%CI = 0.28 to 
8.57, I2 = 69.5%). There was no signi+cant association of mild OSA 
with CMBs based on one study [15] (OR = 0.39, 95% CI = 0.03 to 
4.24) or with PVS based on two studies (OR = 0.98, 95% CI = 0.74 
to 1.29, I2 = 0%) [15, 36].

Subgroup analysis

Subgroup analyses were conducted according to the study de-
sign, source of participants, studies with adjusted confounders, 
different regions, and reported mean or median age. These re-
sults are shown in Figure 4. In brief, the association between 
moderate to severe OSA and WMH was not substantially modi-
+ed by different subgroups except for different study designs. 
Ten cross-sectional studies (n = 3423) [15, 16, 23, 26–31, 35] in-
dicated a positive association between moderate to severe OSA 
and WMH (OR = 2.25, 95% CI = 1.48 to 3.44), as did two case-
control studies (n = 146, OR = 2.59, 95% CI = 1.01 to 6.61) [33, 37]. 
In contrast, one cohort study (n = 843) [18] did not indicate such 
an association (OR = 1.81, 95% CI = 0.74 to 4.40). An association 
between OSA and SBI existed only in subgroups of studies per-
formed in Asia and of cross-sectional studies. There was no 
statistical difference in heterogeneity testing between all sub-
groups (all p > .05). We did not conduct subgroup analyses with 
CMBs and PVS because of the low number of relevant studies.

Sensitivity analysis and publication bias

Sensitivity analyses were performed by omitting one study at a 
time. The OR ranged from 2.04 (95% CI = 1.41 to 2.95) to 2.38 (95% 
CI = 1.54 to 3.70) for WMH, and from 1.34 (95% CI = 1.00 to 1.79) to 
1.67 (95% CI = 1.18 to 2.38) for SBI. The magnitude of the associ-
ation was not signi+cantly changed by removing one study at a 
time, indicating that the signi+cance was not attributable to any 
one study (Figure 5). Publication bias was assessed among studies 
investigating the association between moderate to severe OSA 
and WMH or SBI using Begg’s and Egger’s tests. For WMH, the test 
results suggested the presence of publication bias (Begg’s test, 
p = .502; Egger’s test, p < .001). For SBI, no publication bias was pre-
sent (Begg’s test, p = .537; Egger’s test, p = .605). Funnel plots of both 
WMH and SBI are also displayed in Figure 6 (A and B for WMH; C 
and D for SBI). Asymmetry in the WMH plot suggests likely publi-
cation bias for meta-analyses involving this type of CSVD.

Discussion
In this systematic review and meta-analysis of current studies, 
we found that moderate to severe OSA was positively associated 
with the various presences of neuroimaging markers of CSVD, 
including WMH and SBI but not CMBs or PVS. However, these 
associations were not signi+cant in participants with mild OSA 
(AHI of 5 to <15). Severity of sleep apnea may contribute to the 
pathogenesis of CSVD in patients with OSA.

Accumulating evidence has demonstrated that CSVD abnor-
malities serve as imaging markers of early cerebral ischemic 

Figure 3. The combined OR and 95% CI of association between OSA and SBI.
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damage, which can increase the risk of stroke, cognitive dis-
orders, and cardiovascular disease or death [4–6, 38]. In their 
meta-analysis of population-based studies, Bos et al. indicated 
that WMH was associated with an increased risk of all-dementia 
(hazard ratio = 1.39) but that CMBs were not [5]. A recent sys-
tematic review of prospective cohort studies showed that any 
feature of CSVD was associated with the risk of stroke, de-
mentia, and depression, as well as all-cause mortality (hazard 
ratio = 1.22–2.72) [4]. The most common risk factors for CSVD are 
age, hypertension, diabetes mellitus, and smoking [2]. However, 
these traditional risk factors do not fully explain the occurrence 
of CSVD [9]. Identi+cation of potential risk factors for CSVD may 
help to reduce the burden of CSVD and the risk of stroke, cogni-
tive impairment, and death.

After gathering the current evidence, we found associations 
of OSA with WMH and SBI. Recently, a systematic review found 
that OSA was associated with twofold increased risk of white 
matter changes (OR = 2.06, 95% CI = 1.52 to 2.80) [39], which was 
similar to our result (OR = 2.23, 95% CI = 1.53 to 3.25). Our study 

is more comprehensive than that review because it covers three 
additional imaging markers of CSVD (SBI, CMBs, and PVS), al-
lowing us to detect an association between moderate to severe 
sleep apnea and various imaging markers. The complex mech-
anisms underlying these associations are not well understood. 
The following potential mechanisms of OSA may increase the 
risk of CSVD. (1) OSA is associated with sustained high blood 
pressure and the development of hypertension [40, 41], which 
might be related to the occurrence of CSVD. (2) Growing data 
also suggest that OSA often results in systemic in,ammation. 
The activation of an in,ammatory reaction may contribute to 
the development of CSVD. Some studies have shown that blood 
in,ammatory biomarkers, such as C-reactive protein and tumor 
necrosis factor, are increased in patients with OSA [42, 43]. (3) 
The effects of nocturnal apnea can increase the hemodynamic 
changes associated with respiratory events. Abnormal cerebro-
vascular hemodynamics is reportedly associated with increased 
intracranial pressure and cerebrovascular endothelial dysfunc-
tion, which result in long-term damage to cerebral small vessels 

Figure 4. The combined OR and 95% CI of association between OSA and CSVD based on different subgroups.
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[44, 45]. (4) A  recent meta-analysis showed that moderate to 
severe OSA was associated with increased arterial stiffness, re-
duce endothelial function, and chronic in,ammation [46]. All 

these factors are expected to increase the risk of vascular dis-
eases. Therefore, further studies exploring the role of OSA in the 
pathophysiology of CSVD are required.

Figure 5. The sensitivity analyses for WMHs and SBI by omitting one study at each turn.

Figure 6. The funnel plot for exploring the publication bias by using the Begg’s test and Egger’s test.
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The present review has some limitations. First, most of the 
included studies were cross-sectional in design, so we cannot 
explore a causal relationship between OSA and CSVD. Long-
term follow-up studies are required. In addition, further ran-
domized controlled trials are needed to determine whether 
the treatment of OSA can prevent the progression of CSVD. 
Second, few studies investigated the association of OSA with 
CMBs (three studies) or PVS (two studies), and those studies 
were underpowered. Whether these imaging markers are re-
lated to OSA needs to be further investigated. Third, based on 
previous studies reporting that OSA and CSVD have common 
risk factors such as age and hypertension, the relationship be-
tween OSA and CSVD may be in,uenced by these confounders. 
Although some but not all included studies adjusted for these 
factors, we cannot exclude that they or unknown variables af-
fected the results. Fourth, conference proceedings and publica-
tions written in languages other than English were excluded, 
which may create publication bias. In fact, publication bias 
was high in studies investigating WMH, although not in studies 
investigating SBI. Finally, there are potentially important novel 
imaging markers that have been recently identi+ed but that we 
could not analyze, such as cortical microinfarcts and cerebral 
atrophy. At present, there are large variations in MRI parameters 
and diagnostic criteria for CSVD, which hampers the interpret-
ation and comparison of data across studies. One publication 
has recommended neuroimaging standards, including imaging 
acquisition standards and diagnostic criteria, for research into 
CSVD [1]. Future cohort studies using these standards should in-
vestigate whether there is a bidirectional relationship between 
OSA and CSVD.

In conclusion, the current evidence suggests that moderate 
to severe OSA is positively associated with WMH and SBI but 
not CMBs or PVS. This means that OSA may contribute to the 
pathogenesis of CSVD. Further larger cohort studies should be 
prioritized to con+rm these +ndings.
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