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Abstract: Obstructive sleep apnea hypopnea syndrome (OSAHS) is associated with increased risk of
cerebrovascular disease. The aim of the present study was to investigate the association between the
presence of the small vessel disease (SVD) of the brain in patients with OSAHS. The study included
24 patients with moderate to severe OSAHS and 34 healthy volunteers. All the subjects underwent
magnetic resonance imaging (MRI) of the brain, in order to sought periventricular white matter
(PVWM), deep white matter (DWM) and brainstem SVD. Among patients with OSAHS, 79.1% had
SVD (grade 1–3, Fazekas score) in DWM and 91.7% in PVWM while 22.4% had brainstem—white
matter hyperintensities (B-WMH). Patients with OSAHS had a much higher degree of SVD in the
DWM and PVWM compared to the control group (p < 0.001). The multivariate analysis showed an
independent significant association of OSAHS with SVD (DWM and PVWM) (p = 0.033, OR 95% CI:
8.66 (1.19–63.08) and: p = 0.002, OR 95% CI: 104.98 (5.15–2141)). The same analysis showed a moderate
association of OSAHS with B-WMH (p = 0.050, OR 15.07 (0.97–234.65)). Our study demonstrated
an independent significant association of OSAHS with SVD and a moderate association of OSAHS
with B-WMH.

Keywords: obstructive sleep apnea hypopnea syndrome; small vessel disease; white matter

1. Introduction

Obstructive sleep apnea hypopnea syndrome (OSAHS) affects 5–10% of the population.
The severity of the syndrome in determined by the number of apneas and hypopneas taking
place during an hour of sleep (apnea-hypopnea index—AHI) as well as by the seriousness
of the patient’s symptoms at daytime [1,2]. The pathophysiology of OSAHS is multifactorial
and possibly lies on a genetic background, as well as on various factors, such as obesity
that may contribute significantly [1].

OSAHS impact on patients with ischemic stroke (IS) or transient ischemic attack is
quite higher when compared to the general public. It also seems that OSAHS consti-
tutes a factor that influences the course of an IS and the patient’s functionality, after the
stroke [3,4]. Moderate-to-severe OSA is more frequent in wake-up strokes compared to
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non-wake up strokes [5]. A recent study observed a high prevalence and variability of
Sleep-disordered breathing in the acute phase of cerebral ischemic events [6]. However, the
correlation between OSAHS and cerebrovascular disease has not been studied extensively
and a lot of queries remain unanswered, such as, the pathophysiological mechanism that
links them. It seems that the pathophysiological cataract caused by OSAHS, includes
oxidative stress, inflammation, sympathetic system activation, endothelial dysfunction
and, finally, metabolic derangement (resistance to insulin and lipid derangement), which
lead to damage of microvessels in the brain [7].

Small vessel disease (SVD) of the brain result from the damage taking place on
penetrating cerebral microvessels, capillaries and veins, that damage the underlying tissue,
the white and grey matter of the brain. Penetrating vessels play a crucial role in retaining
the functionality of the brain and especially of nuclei with high metabolic needs, as well as
the complex networks of the white matter [8]. The detection of microvascular brain disease
is important due to its association with clinically significant IS and its possible contribution
to cognitive impairment. The association of OSAHS with microvascular brain damage has
not been extensively studied in the current literature.

The objective of the present study was to investigate the association between the
presence of SVD in patients with OSAHS in a Greek population. Furthermore, we aim
to evaluate the impact of OSAHS in brainstem—white matter hyperintensities (B-WMH)
since little is known regarding B-WMH topography.

2. Materials and Methods
2.1. Study Design and Participants

A total of 109 adults were approached at their appointment at the Department of
Respiratory Sleep Disorders of the University of Thessaly (Greece) during the period from
4 November 2019 to 31 March 2021 (Figure 1). All patients were informed about the study
and four refused to participate. All participants gave written consent. The 105 participants
were evaluated for the possible existence of OSAHS by standard polysomnography (PSG)
according to the American Academy of Sleep Medicine (AASM) guidelines [1] for the
diagnosis of OSAHS. Forty-six participants had mild OSAHS (5 ≤ AHI ≤ 15) so they
were not included in the study. Thirty-four patients did not have OSAHS (AHI < 5)
and were the control group of the study. The remaining 25 participants were diagnosed
with moderate and severe OSAHS (15 < AHI ≤ 30 and AHI > 30, respectively). The
24 participants (one participant was disqualified as he could not be submitted to MRI)
with moderate and severe OSAHS and the control group underwent brain MRI to as-
sess the presence of cerebral SVD. Specifically, we searched for vascular lesions in the
periventricular white matter (PVWM), deep white matter (DWM), midbrain, pons and
medulla oblongata. All demographic characteristics and somatometric data were recorded,
a complete individual history was obtained and a complete clinical examination was
performed. Hypertension was defined as systolic blood pressure values ≥ 140 mmHg
and/or diastolic blood pressure values ≥ 90 mmHg [9]. Coronary artery disease (or
ischemic heart disease) was defined as the state of inadequate supply of blood to the
myocardium due to obstruction of the epicardial coronary arteries, usually from atheroscle-
rosis [10] Atrial fibrillation (AF) was defined as a supraventricular tachyarrhythmia dur-
ing which atrium is contracted ineffectively with electrocardiographic characteristics of
irregular R-R intervals, absence of distinct repeating P waves, and irregular atrial ac-
tivations [11]. The definition of dyslipidemia included elevated levels of low-density
lipoprotein (LDL) or total cholesterol and/or decreased levels of high-density lipoprotein
cholesterol. More specifically, the condition is diagnosed in the presence of elevated total
cholesterol > 200 mg/dL or low-density lipoprotein (LDL) > 100 mg/dL, or low levels of
high-density lipoprotein (HDL) < 50 mg/dL [12]. Peripheral arterial disease was defined
as atherosclerotic disease leading to peripheral artery obstruction [13]. Diabetes mellitus
refers to a total of metabolic diseases with increased levels of glucose in the blood plasma,
as a result of defective insulin secretion, insulin action, or both [14].
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Figure 1. Flowchart of the study selection process and research workflow. List of Abbreviations:
OSAHS: Obstructive sleep apnea hypopnea syndrome, PSG: Polysomnography, MRI: Magnetic
resonance imaging.

2.2. Ethics

Patients and controls provided written informed consent. The study was approved
by the Independent Ethical Committee of the University of Thessaly, Medical School
(No. 13—12/02/2019).

2.3. Polysomnography

The participants of the study underwent polysomnography. During this procedure,
electroencephalography, electrooculography, electromyography, electrocardiography and
oronasalthermistor were used. Bonds were attached to the thoracic cage and the abdomen
in order to monitor the respiratory motions. Oxygen was monitored with a pulse oximeter.
Apnea was defined as a ≥90% reduction in airflow lasting at least 10 s. Hypopnea was
defined as a ≥30% reduction in airflow lasting at least 10 s and at least a 3% drop (or
arousal) in oxygen saturation. The AHI score was calculated as the average number of
apneas and hypopneas per hour of sleep. According to the AASM [1] OSAHS was classifies
based on the AHI as mild (5 ≤ AHI ≤ 15), moderate (15 < AHI ≤ 30) and severe (AHI > 30).

2.4. MRI Brain Protocol and Assessment

MRI was performed in all participants using a standard protocol. A 3-T Magnetic
Resonance Scanner (GE HDx, Milwaukee, WI, USA) was used and the protocol included
whole-brain T2-weighted, T1-weighted, and T2*-weighted gradient-recalled echo, FLAIR,
as well as diffusion sequences. The assessment of the MRI images was performed by
a neuroradiologist that was blinded to the participants’ clinical data.
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White matter lesions were defined as follows: Any signal abnormality despite of size
that is located in the white matter displaying hyperintensity on T2-weighted images like
fluid-attenuated inversion recovery, that does not present cavitation [15].

We used the Fazekas score (FS) to evaluate WMH on axial T2-weighted and FLAIR se-
quences [16]. Patients were classified according to FS to the following stages: 0 (no lesions),
1 (nonconfluent lesions), 2 (confluent lesions), and 3 (diffuse lesions). We evaluated cere-
bral microbleeds on T2*-weighted gradient sequences with a dichotomized classification
scheme as present or absent.

Additionally, we assessed for B-WMH. We defined B-WMH as areas of hyperintensity
without the presence of distinct borders on FLAIR images, presenting with minor or absent
corresponding hypointensity on T1 -weighted images in mesencephalon, pons, and/or
medulla. The lesions were classified by a neuro -radiologist (SM) with a dichotomized
classification scheme as absent or present. Lesions with clear demarcated hyperintensity
located in the brainstem that were associated with a corresponding DWI hyperintensity or
clear T1-weighted hypointensity were considered infarcts and were not included in the
analysis. Since the WMH areas located in the brainstem are too small, we cannot adequately
discriminate B-WMH according to volume by the semiautomated volumetric image analy-
sis as we performed to PV (periventricular) and D (deep) WMH. The clinical data were not
available to the readers of the MRI images. We used the Microbleed Anatomical Rating
Scale to identify deep microbleeds [17].

2.5. Statistical Analysis

Continuous variables are expressed as means ± standard deviations and categorical
variables as frequencies and proportions. Student’s t-Test was performed for continuous
data since there were no deviation from normal distribution (Shapiro-Wilk normality
test) and violation of assumption of homogeneity of variance (Levene’s test). Categor-
ical variables were compared using the χ2test.Multivariate analysis was performed in
the form of binary and multinomial logistic regression. In multivariate analysis, factors
with a p value < 0.10 in univariate analysis included. For all the analyses a 5% signif-
icance level was set. Analyses were performed using SPSS version 22 for Windows®

(Chicago, IL, USA).

3. Results

The patients with OSAHS consisted of 24 patients (males: 62.5%) with a mean
age of 58 ± 11.9 years. Of the 24 patients with OSAHS, 16 had severe syndrome and
8 had moderate. The mean AHI was 40.4 ± 21.2 events/h. Mean apnea index (AI) was
16.3 ± 17.3 events/h and mean hypopnea index (HI) was 24.1 ± 13.4 events/h. Oxygen
desaturation index (ODI) was 41.2 ± 23.2 events/h, time with hemoglobin saturation < 90%
(T < 90%) was 36.8 ± 65.6 min and that of the minimum SaO2 level was 76.5 ± 12.8%. Sleep
parameters and characteristics of OSAHS patients are presented in Table 1. The control
group consisted of 34 participants (males: 58.82%) with a mean age of 57.6 ± 10.8 years.
Vascular comorbidity of OSAHS patients and controls are presented in Table 2. Patients
with OSAHS had hypertension in 50%, elevated blood cholesterol levels in 58.3% and 41.7%
were smokers. Diabetes was present in 16.7% of the patients. None of the patients had
a thyroid condition. Patients with hypertension received angiotensin-converting enzyme
(ACE) inhibitors (ramipril, enalapril). Patients with coronary artery disease were under
statin therapy, antiplatelets, ACE inhibitors and b-blockers. Atrial fibrillation patients, as
well as patients with pulmonary embolism received direct-oral anticoagulants (DOACs).
Dyslipidemia was treated with statins. Stroke patients received antiplatelets and DOACs
and peripheral arterial disease was treated with antiplatelet agents. All the diabetics
patients that we included in the study had type 2 diabetes and they did not present any
symptoms of peripheral or central neuropathy. All the diabetic patients were receiving
metformin as the main antidiabetic medication.
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Table 1. Sleep parameters and characteristics of OSAHS patients.

Sleep Parameters and Characteristics OSAHS Patients (n = 24)

Age (years) 58 ± 11.9
Gender (Males) 15 (62.5%)
BMI (Kg/m2) 31.4 ± 6.2

ESS 9.9 ± 4.3
Sleep hours 7.3 ± 1.2

S1 (%) 4.9 ± 2.6
S2 (%) 63.3 ± 11.6

S3–4 (%) 10.1 ± 8.5
REM (%) 17.5 ± 28.4

AI (events/h) 16.3 ± 17.3
HI (events/h) 24.1 ± 13.4

AHI (events/h) 40.4 ± 21.1
ODI (events/h) 41.2 ± 23.2
MinSpO2 (%) 76.5 ± 12.8
T < 90% (min) 36.8 ± 65.6

Mean heart rate (beats/min) 68.1 ± 9.7
Data are expressed as mean ± SD or as frequencies (percentages). List of Abbreviations: BMI body mass
index, ESS Epworth Sleepiness Scale, AHI apnea-hypopnea index, AI apnea, HI hypopnea, MinSpO2 minimum
oxyhemoglobin saturation, ODI oxygen desaturation index, REM% rapid eye movement, S1% sleep stage 1, S2%
sleep stage 2, S3–S4% sleep stage 3–4, T < 90% time with hemoglobin saturation < 90%.

Table 2. Vascular comorbidity of OSAHS patients and controls.

Vascular Diseases OSAHS Patients (n = 24) N (%) Controls (n = 34) N (%)

Hypertension 12 (50%) 7 (20.6%)
Coronary artery disease 4 (16.7%) 1 (2.9%)

Atrial fibrillation 2 (8.3%) 1 (2.9%)
Diabetes 4 (16.7%) 0 (0%)

Pulmonary Embolism 1 (4.2%) 0 (0%)
Dyslipidemia 14 (58.3%) 3 (8.8%)

Stroke 3 (12.5%) 0 (0%)
Peripheral arterial disease 1 (4.2%) 0 (0%)

MRI Results

Among patients with OSAHS, 79.1% had SVD (grade 1–3, Fazekas score) in DWM and
91.7% in PVWM while 22.4% had B-WMH. Patients with OSAHS had a much higher degree
of SVD in the DWM, PVWM compared to the control group with statistically significant
difference (p < 0.001) (Figures 2 and 3). When comparing patients with OSAHS and the
control group for the presence of B-WMH, patients with OSAHS showed statistically
significant more lesions (p < 0.001) (OR: 33 (3.87–281.70)) (Figure 4).

Figure 2. Comparison of patients with OSAHS and controls group with respect to SVD in the DWM.
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Figure 3. Comparison of patients with OSAHS and control group with respect to SVD in the PVWM.

Figure 4. Comparison of patients with OSAHS and the control group for the presence of B-WMH.

According to the univariate analysis, the main factors that affect the presence of SVD
in the deep white matter are sex with males being more affected than women (p = 0.097),
coronary artery disease (p < 0.001), hypertension (p < 0.001) and diabetes (p = 0.039). The
duration of the disorder (OSAHS) is also an important factor that affects the presence of
SVD (p < 0.001) (Figure S1a–d)).

The main factors that affect the presence of SVD in the periventricular white matter,
according to the univariate analysis are sex, with males being much more affected than
women (p = 0.035), coronary artery disease (p = 0.017) and hypertension (p = 0.002). The
duration of the disorder (OSAHS) is also an important factor that affects the presence of
SVD (p < 0.001) (Figure S2a–c).

The multivariate analysis showed an independent significant association of OSAHS
with SVD (DWM and PVWM) (p = 0.033, OR 95% CI: 8.66 (1.19–63.08) and p = 0.002,
OR 95% CI: 104.98 (5.15–2141), respectively) (Table 3). The same analysis showed a marg-
inally not statistically significant association of OSAHS with B-WMH (p = 0.053, OR 15.07
(0.97–234.65)) (Table 3).

Lobar microbleeds were not associated with OSAHS. We did not find any other signif-
icant association between several sleep parameters and OSAHS characteristics with SVD.
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Table 3. Comparison of patients with OSAHS and control group with respect to SVD in the multivariate analysis.

Independent Variable OSAHS Sig aOR 95% CI Adjusting
(Univariate Analysis p < 0.1)

Dependent variable

DWM

Grade:0 ref

Age, gender, diabetes, dyslipidemia,
hypertension, coronary artery disease,

atrial fibrillation.

Grade:1 0.033 8.66 (1.19–63.08)

Grade:2 0.862 -

Grade:3 0.999 -

PVWM

Grade:0 ref
Age, gender, dyslipidemia, hypertension,
coronary artery disease, atrial fibrillation,

valvular heart disease.
Grade:1 0.002 104.98 (5.15–2141)

Grade:2 0.006 329.75 (5.32–204.38)

B-WMH Yes/No 0.053 15.07 (0.97–234.65) Age, gender, dyslipidemia, hypertension,
coronary artery disease.

4. Discussion

To our knowledge, there are no studies in the Greek population that describe the
neuroimaging characteristics of SVD associated with OSAHS. SVD, which is generally
asymptomatic and commonly associated with cardiovascular risk factors, is a prevalent
disease in older persons [18–20]. SVD has been studied extensively so far in Alzheimers’s
disease and has been found to contribute to up to 45% of dementias [7,21]. The studies in
OSAHS are limited but offer interesting results. In this study, the presence of SVD was
evaluated with the use of the FS. In addition, we quantified for the first time B-WMH
demonstrating a significant association in patients with OSAHS compared to controls.

These findings agree with previous studies [22–24] showing an association between
SVD and OSAHS, suggesting also that vascular factors could be involved in the pathogene-
sis of SVD in patients. Lobar microbleeds were not associated with OSAHS [22,23].

We observed that patients with OSAHS had increased prevalence of cardiovascular
risk factors when compared with controls. Wang et al. [25] have previously demon-
strated that western diet, the metabolic syndrome, hypertension and obesity that are
associated with changes in inflammation and microvessels have important roles in OS-
AHS, underlining the important correlation between the aforementioned factors and the
development of SVD.

Similar results seem to emerge from the study of Chokesuwattanaskul et al., who
observed an association between OSAHS and CSVD MRI findings of WMH and asymp-
tomatic lacunar infarction (ALI) when compared to patients without OSAHS [22]. A recent
meta-analysis supports that moderate to severe sleep apnea is positively related to WMH
and silent brain infarction (SBI), which suggests that OSAHS probably plays an important
role to the pathogenesis of CSVD [23]. In a study that investigated the possible relationship
between OSAHS and cerebral SVD found that moderate-to-severe OSAHS is positively
associated with multiple indicators of cerebral SVD, including WMH, cerebral microbleeds,
and perivascular spaces. In addition, SVD was independently associated with increased
AHI, particularly in patients with moderate-to-severe OSAHS [24].

The association between OSAHS and SVD may be bidirectional [26]. There aren’t
many studies evaluating the complex relationship between OSAHS and SVD. One possible
mechanism, according to the publications, is the activation of the systemic inflammation
due to OSAHS, which results in the creation and the progression of SVD. According to
some studies, C-Reactive Protein and Tumor Necrosis Factor are higher in the group of
OSAHS [27,28]. Patients with OSAHS have persistently higher blood pressure which
results in hypertension, which contributes to the development of SVD [29,30]. Patients with
OSAHS have some cardiovasular risk factors which are involved in the pathophysiology
of SVD [26]. Wang et al., showed that OSAHS results in endothelial dysfunction, increased
levels of inflammatory biomarkers and a raise in arterial stiffness [31]. In patients with
OSAHS, during sleep, hemodynamic changes including an increased intracranial pressure
and an impaired endothelial function, can occur. The abnormal cerebrovascular function
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and the continuous episodes of hypoxia can result in a diffuse subcortical damage [26].
These changes are associated with SVD [32,33]. All things considered, the risk of SVD is
possibly increased with one or more of the mechanisms above.

Our study is not without limitations. First, we acknowledge that we included
a relatively small number of participants. Additionally, we did not assess intra- and inter-
observer reproducibility for brain imaging. Future longitudinal studies including larger
cohort, may allow us to better clarify the potential association and causality—between SVD
and OSAHS, preferably by including both histopathology samples and biomarkers. We
acknowledge that the use of visual scales is useful when one aims to assess SVD on MRI.
Early identification of SVD lesions could permit the application of possible preventive
measures. Thus, we believe it is mandatory that all specialists that are involved in the care
of OSAHS should be able to identify and classify SVD quantitatively.

5. Conclusions

In conclusion, our study demonstrated an independent significant association of
OSAHS with SVD. In addition, the results confirmed for the first time the moderate
association impact of OSAHS on B-WMH.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/diagnostics11091673/s1. Figure S1a: Coronary artery disease and presence of SVD in the
deep white matter, Figure S1b: Diabetes and presence of SVD in the deep white matter, Figure S1c:
Hypertension and presence of SVD in the deep white matter, Figure S1d: Duration of OSAS (months)
and presence of SVD in the deep white matter, Figure S2a: Coronary artery disease and presence
of SVD in the periventricular white matter, Figure S2b: Hypertension and presence of SVD in the
periventricular white matter, Figure S2c: Duration of OSAS (months) and presence of SVD in the
periventricular white matter.

Author Contributions: K.I.G., F.M., G.X. and E.Z.K. was involved in the study conception and
performed the design of the study. D.G.R. performed the literature search, the data collection, the
statistical analysis and prepared and wrote the manuscript. O.S., A.P. and G.G.R. participated in
data collection. K.D. and P.N. performed the statistical analysis. K.I.G., G.X., F.M. and D.G.R. were
involved in revising the manuscript for important intellectual content. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted according to the guidelines of the
Declaration of Helsinki and was approved by the Independent Ethical Committee of the University
of Thessaly, Medical Scholl (No. 13—12/02/2019) and written informed consent was obtained from
all participants.

Informed Consent Statement: Written informed consent has been obtained from the patients and
controls to publish this paper.

Data Availability Statement: The data that support the findings of this study are available on request
from the corresponding author. The data are not publicly available due to containing information
that could compromise the privacy of research participants.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Berry, R.B.; Budhiraja, R.; Gottlieb, D.J.; Gozal, D.; Iber, C.; Kapur, V.K.; Marcus, C.L.; Mehra, R.; Parthasarathy, S.; Quan, S.F.; et al.

Rules for scoring respiratory events in sleep: Update of the 2007 AASM Manual for the Scoring of Sleep and Associated Events.
Deliberations of the Sleep Apnea Definitions Task Force of the American Academy of Sleep Medicine. American Academy of
Sleep Medicine. J. Clin. Sleep Med. 2012, 8, 597–619.

2. Lévy, P.; Tamisier, R.; Minville, C.; Launois, S.; Pépin, J.L. Sleep apnoea syndrome in 2011: Current concepts and future directions.
Eur. Respir. Rev. 2011, 20, 134–146. [CrossRef]

3. Durgan, D.J.; Bryan, R.M., Jr. Cerebrovascular consequences of obstructive sleep apnea. J. Am. Heart Assoc. 2012, 1, e000091.
[CrossRef]

https://www.mdpi.com/article/10.3390/diagnostics11091673/s1
https://www.mdpi.com/article/10.3390/diagnostics11091673/s1
http://doi.org/10.1183/09059180.00003111
http://doi.org/10.1161/JAHA.111.000091


Diagnostics 2021, 11, 1673 9 of 10

4. Kepplinger, J.; Barlinn, K.; Boehme, A.K.; Gerber, J.; Puetz, V.; Pallesen, L.P.; Schrempf, W.; Dzialowski, I.; Albright, K.C.;
Alexandrov, A.V.; et al. Association of sleep apnea with clinically silent microvascular brain tissue changes in acute cerebral
ischemia. J. Neurol. 2014, 261, 343–349. [CrossRef]

5. Haula, T.M.; Puustinen, J.; Takala, M.; Holm, A. Wake-up strokes are linked to obstructive sleep apnea and worse early functional
outcome. Brain Behav. 2021, 11, e2284. [CrossRef]

6. Riglietti, A.; Fanfulla, F.; Pagani, M.; Lucini, D.; Malacarne, M.; Manconi, M.; Ferretti, G.; Esposito, F.; Cereda, C.W.; Pons, M.
Obstructive and Central Sleep Apnea in First Ever Ischemic Stroke are Associated with Different Time Course and Autonomic
Activation. Nat. Sci. Sleep 2021, 13, 1167–1178. [CrossRef] [PubMed]

7. Wardlaw, J.M.; Smith, C.; Dichgans, M. Mechanisms of sporadic cerebral small vessel disease: Insights from neuroimaging. Lancet.
Neurol. 2013, 12, 483–497. [CrossRef]

8. Bullmore, E.; Sporns, O. The economy of brain network organization. Nat. Rev. Neurosci. 2012, 13, 336–349. [CrossRef]
9. Williams, B.; Mancia, G.; Spiering, W.; Agabiti Rosei, E.; Azizi, M.; Burnier, M.; Clement, D.L.; Coca, A.; de Simone, G.;

Dominiczak, A.; et al. ESC Scientific Document Group. 2018 ESC/ESH Guidelines for the management of arterial hypertension.
Eur. Heart J. 2018, 39, 3021–3104. [CrossRef] [PubMed]

10. Knuuti, J.; Wijns, W.; Saraste, A.; Capodanno, D.; Barbato, E.; Funck-Brentano, C.; Prescott, E.; Storey, R.F.; Deaton, C.; Cuisset, T.; et al.
ESC Scientific Document Group. 2019 ESC Guidelines for the diagnosis and management of chronic coronary syndromes. Eur.
Heart J. 2020, 41, 407–477. [CrossRef] [PubMed]

11. Hindricks, G.; Potpara, T.; Dagres, N.; Arbelo, E.; Bax, J.J.; Blomström-Lundqvist, C.; Boriani, G.; Castella, M.; Dan, G.A.;
Dilaveris, P.E.; et al. ESC Scientific Document Group. 2020 ESC Guidelines for the diagnosis and management of atrial fibrillation
developed in collaboration with the European Association for Cardio-Thoracic Surgery (EACTS): The Task Force for the diagnosis
and management of atrial fibrillation of the European Society of Cardiology (ESC) Developed with the special contribution of the
European Heart Rhythm Association (EHRA) of the ESC. Eur. Heart J. 2021, 42, 373–498. [PubMed]

12. Mach, F.; Baigent, C.; Catapano, A.L.; Koskinas, K.C.; Casula, M.; Badimon, L.; Chapman, M.J.; De Backer, G.G.; Delgado, V.;
Ference, B.A.; et al. ESC Scientific Document Group. 2019 ESC/EAS Guidelines for the management of dyslipidaemias: Lipid
modification to reduce cardiovascular risk. Eur. Heart J. 2020, 41, 111–188. [CrossRef] [PubMed]

13. Aboyans, V.; Ricco, J.B.; Bartelink, M.E.L.; Björck, M.; Brodmann, M.; Cohnert, T.; Collet, J.P.; Czerny, M.; De Carlo, M.; Debus, S.; et al. ESC
Scientific Document Group. 2017 ESC Guidelines on the Diagnosis and Treatment of Peripheral Arterial Diseases, in collaboration
with the European Society for Vascular Surgery (ESVS): Document covering atherosclerotic disease of extracranial carotid and
vertebral, mesenteric, renal, upper and lower extremity arteriesEndorsed by: The European Stroke Organization (ESO) The Task
Force for the Diagnosis and Treatment of Peripheral Arterial Diseases of the European Society of Cardiology (ESC) and of the
European Society for Vascular Surgery (ESVS). Eur. Heart J. 2018, 39, 763–816.

14. American Diabetes Association. Diagnosis and classification of diabetes mellitus. Diabetes Care 2004, 27 (Suppl. S1), 5–10.
[CrossRef] [PubMed]

15. Wardlaw, J.M.; Smith, E.E.; Biessels, G.J.; Cordonnier, C.; Fazekas, F.; Frayne, R.; Lindley, R.I.; O’Brien, J.T.; Barkhof, F.;
Benavente, O.R.; et al. STandards for ReportIng Vascular changes on nEuroimaging (STRIVE v1). Neuroimaging standards
for research into small vessel disease and its contribution to ageing and neurodegeneration. Lancet Neurol. 2013, 12, 822–838.
[CrossRef]

16. Fazekas, F.; Chawluk, J.B.; Alavi, A.; Hurtig, H.I.; Zimmerman, R.A. MR signal abnormalities at 1.5 T in Alzheimer’s dementia
and normal aging. AJR Am. J. Roentgenol. 1987, 149, 351–356. [CrossRef]

17. Gregoire, S.M.; Chaudhary, U.J.; Brown, M.M.; Yousry, T.A.; Kallis, C.; Jäger, H.R.; Werring, D.J. The Microbleed Anatomical
Rating Scale (MARS): Reliability of a tool to map brain microbleeds. Neurology 2009, 73, 1759–1766. [CrossRef]

18. Smith, E.E.; Saposnik, G.; Biessels, G.J.; Doubal, F.N.; Fornage, M.; Gorelick, P.B.; Greenberg, S.M.; Higashida, R.T.; Kasner, S.E.;
Seshadri, S. American Heart Association Stroke Council; Council on Cardiovascular Radiology and Intervention; Council on
Functional Genomics and Translational Biology; and Council on Hypertension. Prevention of Stroke in Patients with Silent
Cerebrovascular Disease: A Scientific Statement for Healthcare Professionals from the American Heart Association/American
Stroke Association. Stroke 2017, 48, e44–e71.

19. ZanonZotin, M.C.; Sveikata, L.; Viswanathan, A.; Yilmaz, P. Cerebral small vessel disease and vascular cognitive impairment:
From diagnosis to management. Curr. Opin Neurol. 2021, 34, 246–257. [CrossRef]

20. Das, A.S.; Regenhardt, R.W.; Vernooij, M.W.; Blacker, D.; Charidimou, A.; Viswanathan, A. Asymptomatic Cerebral Small Vessel
Disease: Insights from Population-Based Studies. J. Stroke 2019, 21, 121–138. [CrossRef]

21. Gorelick, P.B.; Scuteri, A.; Black, S.E.; Decarli, C.; Greenberg, S.M.; Iadecola, C.; Launer, L.J.; Laurent, S.; Lopez, O.L.; Nyenhuis,
D.; et al. American Heart Association Stroke Council, Council on Epidemiology and Prevention, Council on Cardiovascular
Nursing, Council on Cardiovascular Radiology and Intervention, and Council on Cardiovascular Surgery and Anesthesia.
Vascular contributions to cognitive impairment and dementia: A statement for healthcare professionals from the american heart
association/american stroke association. Stroke 2011, 42, 2672–2713. [PubMed]

22. Chokesuwattanaskul, A.; Lertjitbanjong, P.; Thongprayoon, C.; Bathini, T.; Sharma, K.; Mao, M.A.; Cheungpasitporn, W.;
Chokesuwattanaskul, R. Impact of obstructive sleep apnea on silent cerebral small vessel disease: A systematic review and
meta-analysis. Sleep Med. 2020, 68, 80–88. [CrossRef]

http://doi.org/10.1007/s00415-013-7200-z
http://doi.org/10.1002/brb3.2284
http://doi.org/10.2147/NSS.S305850
http://www.ncbi.nlm.nih.gov/pubmed/34295200
http://doi.org/10.1016/S1474-4422(13)70060-7
http://doi.org/10.1038/nrn3214
http://doi.org/10.1093/eurheartj/ehy339
http://www.ncbi.nlm.nih.gov/pubmed/30165516
http://doi.org/10.1093/eurheartj/ehz425
http://www.ncbi.nlm.nih.gov/pubmed/31504439
http://www.ncbi.nlm.nih.gov/pubmed/32860505
http://doi.org/10.1093/eurheartj/ehz455
http://www.ncbi.nlm.nih.gov/pubmed/31504418
http://doi.org/10.2337/diacare.27.2007.S5
http://www.ncbi.nlm.nih.gov/pubmed/14693921
http://doi.org/10.1016/S1474-4422(13)70124-8
http://doi.org/10.2214/ajr.149.2.351
http://doi.org/10.1212/WNL.0b013e3181c34a7d
http://doi.org/10.1097/WCO.0000000000000913
http://doi.org/10.5853/jos.2018.03608
http://www.ncbi.nlm.nih.gov/pubmed/21778438
http://doi.org/10.1016/j.sleep.2019.11.1262


Diagnostics 2021, 11, 1673 10 of 10

23. Huang, Y.; Yang, C.; Yuan, R.; Liu, M.; Hao, Z. Association of obstructive sleep apnea and cerebral small vessel disease: A
systematic review and meta-analysis. Sleep 2020, 43, zsz264. [CrossRef] [PubMed]

24. Song, T.J.; Park, J.H.; Choi, K.H.; Chang, Y.; Moon, J.; Kim, J.H.; Choi, Y.; Kim, Y.J.; Lee, H.W. Moderate-to-severe obstructive sleep
apnea is associated with cerebral small vessel disease. Sleep Med. 2017, 30, 36–42. [CrossRef] [PubMed]

25. Wang, M.; Norman, J.E.; Srinivasan, V.J.; Rutledge, J.C. Metabolic, inflammatory, and microvascular determinants of white matter
disease and cognitive decline. Am. J. Neurodegener Dis. 2016, 5, 171–177.

26. Del Brutto, O.H.; Mera, R.M.; Zambrano, M.; Castillo, P.R. Relationship between obstructive sleep apnea and neuroimaging
signatures of cerebral small vessel disease in community-dwelling older adults. The Atahualpa Project. Sleep Med. 2017, 37, 10–12.
[CrossRef]

27. van Dijk, E.J.; Prins, N.D.; Vermeer, S.E.; Vrooman, H.A.; Hofman, A.; Koudstaal, P.J.; Breteler, M.M. C-reactive protein and
cerebral small-vessel disease: The Rotterdam Scan Study. Circulation 2005, 112, 900–905. [CrossRef] [PubMed]

28. Gozal, D.; Serpero, L.D.; Kheirandish-Gozal, L.; Capdevila, O.S.; Khalyfa, A.; Tauman, R. Sleep measures and morning plasma
TNF-alpha levels in children with sleep-disordered breathing. Sleep 2010, 33, 319–325. [CrossRef]

29. Hou, H.; Zhao, Y.; Yu, W.; Dong, H.; Xue, X.; Ding, J.; Xing, W.; Wang, W. Association of obstructive sleep apnea with hypertension:
A systematic review and meta-analysis. J. Glob. Health 2018, 8. [CrossRef]

30. Lombardi, C.; Pengo, M.F.; Parati, G. Systemic hypertension in obstructive sleep apnea. J. Thorac. Dis. 2018, 10 (Suppl. S34),
4231–4243. [CrossRef]

31. Wang, J.; Yu, W.; Gao, M.; Zhang, F.; Gu, C.; Yu, Y.; Wei, Y. Impact of Obstructive Sleep Apnea Syndrome on Endothelial Function,
Arterial Stiffening, and Serum Inflammatory Markers: An Updated Meta-analysis and Metaregression of 18 Studies. J. Am. Heart
Assoc. 2015, 4, e002454. [CrossRef] [PubMed]

32. Jennum, P.; Børgesen, S.E. Intracranial pressure and obstructive sleep apnea. Chest 1989, 95, 279–283. [CrossRef] [PubMed]
33. Klingelhöfer, J.; Hajak, G.; Sander, D.; Schulz-Varszegi, M.; Rüther, E.; Conrad, B. Assessment of intracranial hemodynamics in

sleep apnea syndrome. Stroke 1992, 23, 1427–1433. [CrossRef] [PubMed]

http://doi.org/10.1093/sleep/zsz264
http://www.ncbi.nlm.nih.gov/pubmed/31696917
http://doi.org/10.1016/j.sleep.2016.03.006
http://www.ncbi.nlm.nih.gov/pubmed/28215260
http://doi.org/10.1016/j.sleep.2017.06.009
http://doi.org/10.1161/CIRCULATIONAHA.104.506337
http://www.ncbi.nlm.nih.gov/pubmed/16061741
http://doi.org/10.1093/sleep/33.3.319
http://doi.org/10.7189/jogh.08.010405
http://doi.org/10.21037/jtd.2018.12.57
http://doi.org/10.1161/JAHA.115.002454
http://www.ncbi.nlm.nih.gov/pubmed/26567373
http://doi.org/10.1378/chest.95.2.279
http://www.ncbi.nlm.nih.gov/pubmed/2914475
http://doi.org/10.1161/01.STR.23.10.1427
http://www.ncbi.nlm.nih.gov/pubmed/1412579

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Ethics 
	Polysomnography 
	MRI Brain Protocol and Assessment 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

