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Abstract: Objective: Obstructive sleep apnea-hypopnea syndrome (OSAHS) is a risk factor for stroke. However,
whether stroke type, topography, and etiology differ in OSAHS versus non-OSAHS individuals remains unclear. The
role and features of OSAHS in stroke patients in China were investigated. Methods: We retrospectively analyzed
707 stroke patients from three medical centers in Shandong Province, China. Among these patients, 483 acute
stroke cases were included, in which 233 had OSAHS. Gender, age, risk factors, stroke type, stroke distribution, and
involved cerebral vessels were evaluated and compared. Results: The diabetes mellitus incidence in stroke patients
with OSAHS was significantly higher than in those without OSAHS. Patients with OSAHS were associated with greater
incidence of lobar hemorrhage [OR (95% CI): 5.339 (1.399-20.367); P=0.014] and small-vessel disease [OR (95%
Cl): 1.797 (1.039-3.107); P=0.036]. Both anterior and posterior cerebral vascular circulations [OR (95% Cl): 3.432
(1.920-6.135); P=0.0001] were also affected. Diabetes mellitus and OSAHS were not observed to be correlated for
the outcome. Conclusions: Stroke patients with OSAHS are associated with hemorrhage distribution and cerebral
infarction etiology, but not with specific patterns of stroke type and topography of cerebral infarction. No interaction
was observed between OSAHS and diabetes mellitus.
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Introduction modification of OSAHS effect caused by diabe-
tes mellitus, which increases the risk of stroke,
has not been evaluated yet. Thus, we analyzed
the differences between stroke patients with
and without OSAHS from multiple medical cen-
ters and assessed stroke clinical characteris-
tics, type, topography, and etiology patterns of
patients by examining the possible correlation
of OSAHS with diabetes mellitus. We investigat-
ed the role of OSAHS in stroke and provided fur-
ther predictive value for stroke.

Obstructive sleep apnea-hypopnea syndrome
(OSAHS) is a common sleep disorder that
causes a series of pathophysiological changes
in the body. Epidemiological data have indicat-
ed that ~9% of middle-aged men and 4% of
middle-aged women have OSAHS, and this
prevalence is greater in older people [1]. Recent
studies have suggested that OSAHS causes
58% increase in the incidence of cerebral
infarction and promotes cerebrovascular dis-
ease [2]. Yaggi performed a large-scale cohort
study of 1,022 patients for nearly 7 years and
reported that OSAHS and stroke were signifi- Patients
cantly correlated (P=0.04). The risk ratio for
these events was statistically significant (OR:
1.97, Cl: 1.12-3.46; P=0.01) [3]. OSAHS is a

Methods

This study was approved by the Binzhou Medical
University School of Medicine Institutional

definite risk factor for stroke, and the relation-
ship between stroke and OSAHS has been
explored with consideration to some common
independent risk factors, such as diabetes mel-
litus and hypertension. However, the potential

Review Board. A retrospective review of the col-
lected database was performed. We analyzed
acute stroke patients who were admitted to
three medical centers in Shandong Province,
China, from January 2013 to June 2014. The
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inclusion criteria included the following: (1)
patients hospitalized in the first week after
stroke onset; (2) patients who meet the diag-
nostic criteria for stroke by WHO, and images
obtained by magnetic resonance imaging (MRI)
and diffusion weighted imaging (DWI) can
explain the clinical symptoms of lesions; (3)
patients can participate in the OSA screening
and neuropsychological assessment; and (4)
patients can provide complete research-relat-
ed information (including head and neck MRA).

In the first week of hospitalization, patients
were interviewed with a designed question-
naire to determine the presence of common
OSA symptoms and monitored some objective
indices (thoracic-abdominal movement, Sa0,,
and airflow) preliminarily. Subsequently, an
overnight polysomnography was performed
with the use of the Alice system (Respironics,
Murrysville, PA) when needed. Sleep staging
was determined by a standard four-channel
electroencephalogram (C4A1, C3A2, 0O4A1,
and O3A2), two electroencephalographic leads
for arousals (F4A1 and F3M2), two-channel
electrooculogram, and submental electromyo-
gram when needed. Continuous measurements
of airflow by thermistor and nasal/oral pressure
transducer, ribcage and abdominal motion by
impedance plethysmography, oxygen satura-
tion by finger oximetry, and movement by leg
electromyogram were recorded and analyzed in
a standardized fashion. ECG recorded heart
rate and rhythm. Sleep stages were scored with
the use of standard Rechstchaffen and Kales
criteria as modified by American Academy of
Sleep Medicine 2007 criteria [4]. OSAHS was
defined as the cessation of airflow for >10 s
with persistent respiratory effort as seen in the
ribcage or abdomen signals; hypopnea was
defined as the decrease in airflow and ribcage
or abdominal motion by >50% of the baseline
signal for >10 s with a 24% fall in O, saturation.
The AHI =5 per hour of scored sleep.

The selected patients were grouped into stroke
with OSAHS (OSAHS group) and a simple stroke
group without sleep apnea syndrome (non-
OSAHS group). Clinical baseline characteristics
were compared between both groups, including
gender, age, BMI [weight/height? (kg/m?)], past
medical history (history of hypertension, dia-
betes mellitus, hyperlipidemia and previous
stroke), and history of smoking and alcohol
drinking.
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Cerebral infarction distribution

Infarct topography was observed by MRI, DWI,
and magnetic resonance angiogram (MRA).
According to a head and neck MRA, MRI, and
DWI, patients were grouped into the anterior
circulation infarction group, the posterior circu-
lation infarction group, and both anterior and
posterior circulation-involved infarction group.
According to brain MRI and DWI, patients were
divided by the following anatomic sites: (1) cor-
tical infarction: the anterior cerebral artery in
the brain or cortical branch distribution, ex-
pressed as the backbone of the middle cere-
bral artery occlusion, or the brain cortical
branch artery occlusion, the anterior cerebral
artery, posterior border zone (watershed)
infarction, or cerebral artery distribution infarc-
tion; (2) basal ganglion infarction: anterior cir-
culation arteriae perforantes distribution; (3)
centrum oval infarction: the middle cerebral
artery cortical branch and arteriae perforantes
distribution of the junction area, mainly located
within the border zone corona radiata area; and
(4) posterior circulation infarction: vertebrobas-
ilar distribution, including the brainstem, thala-
mus, and occipital cortex [5, 6].

Etiology of cerebral infarction

Patients were divided into five groups accord-
ing to the application of TOAST classification
(vascular etiologies) as follows: (1) large-artery
disease (LAD), (2) cardioembolism (CE), (3)
small-vessel disease (SVD), (4) stroke of other
determined etiology (SOD), and (5) stroke of
undetermined etiology (SUD) [6].

Statistics

Data were analyzed by SPSS 17.0. Age and BMI
differences between the groups were analyzed
using the student t tests, and all dichotomous
variables were assessed using the x? test. After
univariate analysis, multivariate logistic regres-
sion model analysis was performed to evaluate
the potential effect of age, hypertension, BMI,
diabetes mellitus and OSAHS on the type of
stroke. The influence on the topography and eti-
ology of stroke was evaluated in a similar
model. The significance of possible effect mod-
ification was tested with interaction terms,
which were added to the multivariate model
containing individual factors. Statistical analy-
ses were assessed by OR with 95% CI. The sta-
tistical significance was P<0.05.
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Table 1. Clinical characteristics of OSAHS vs. non-OSAHS patients

Total Non-OSAHS OSAHS T or chi-square value P value
(n=483) (n=250) (n=233)
Age, mean SD 6418.6 63+8.3 67+9.1 5.052 0.000"
Male sex, n (%) 250 (51.8) 121 (48.4) 129 (55.4) 2.343 0.126
Risk factors, n (%)
Hypertension 182 (37.7) 111 (44.5) 163 (70.0) 32.090 0.000"
Hypercholesterolemia 263 (54.5) 129 (51.6) 134 (57.5) 1.699 0.192
Diabetes mellitus 284 (58.8) 118 (47.2) 166 (71.2) 28.781 0.000"
Homocysteine 311 (64.4) 151 (60.4) 160 (68.7) 3.597 0.058
BMI 27.3+3.0 27.0+£2.7 27.9+3.7 3.068 0.002"
Smoking, n (%) 211 (43.7) 100 (40) 111 (47.6) 2.861 0.091
Prior stroke, n (%) 106 (21.9) 52 (20.8) 54 (23.2) 0.397 0.528
AHI 3.8+1.9 26.1+6.2 54.208 0.000"
MAI 3.4+2.7 14.5+5.9 26.881 0.000"
REM (%) 19.9+7.2 12.9+5.3 12.097 0.000"

Data are presented as mean + SD or number. Abbreviations: BMI, body mass index; OSAHS, obstructive sleep apnea-hy-
popnea syndrome; AHI, apnea hypopnea index; MAI, microarousal index; REM, rapid eye movement. "P<0.05, statistically

significant.

Table 2. Type and topography of strokes in OSAHS vs. non-OSAHS patients

non-OSAHS

OSAHS

Total

Stroke type n=250 n=233 n=483 T or chi-square value P value
Hemorrhagic, n (%) 50 (20) 37 (15.9) 87 (18) 1.386 0.239
Basal ganglion, n (%) 34 (68) 18 (48.7) 69 (59.8)
Lobar, n (%) 5 (10) 10 (27.0) 15 (17.2) 4.321 0.038"
Stem-cere™ 9 (18) 8 (21.6) 17 (19.5)
Other, n (%) 2 (4) 1(2.7) 3(3.5)
Ischemic, n (%) 200 (80) 196 (84.1) 396 (82)
Cortical, n (%) 48 (24) 40 (20.4) 88 (22.2)
Basal ganglion, n (%) 59 (29.5) 51 (26.0) 110 (27.8) 0.597 0.439
Centrum ovale, n (%) 60 (30) 75 (38.3) 135 (34.1)
Posterior, n (%) 33 (16.5) 30 (15.3) 63 (15.9)

Abbreviations: OSAHS, obstructive sleep apnea-hypopnea syndrome. “*Hemorrhage in the brainstem or in the cerebellum.

“P<0.05, statistically significant.

Results

A total of 483 patients were included in the
analysis in which 233 cases were eventually
diagnosed with OSAHS, and 250 cases without
breathing-related sleep disorder were defined
as non-OSAHS (control). The majority of the
excluded patients had central sleep apnea. The
remaining patients were excluded for other rea-
sons, such as the presence of chronic obstruc-
tive or restrictive lung disease. Baseline demo-
graphics of the included cohort did not vary
significantly from the entire cohort.

The clinical characteristics of the patients with
OSAHS and non-OSAHS are depicted in Table
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1. The mean age of these patients was 64+8.6
years old; 51.8% of the patients were men. A
total of 106 patients (21.9%) had clinical histo-
ry of symptomatic stroke; 284 (58.8%) had dia-
betes mellitus; 263 (54.5%) had dyslipidemia;
and 182 (37.7%) had hypertension. The univari-
ate analysis of all variables between the two
groups revealed that the following factors were
different between the two groups: diabetes
mellitus (47.2% vs. 71.2%; P<0.001), hyperten-
sion (44.5% vs. 70.0%; P<0.001), BMI (27.0+2.7
vs. 27.9+£3.7; P<0.05), and age (67+9.1 vs.
63+8.3 years old; P<0.001).

Table 2 depicts the cerebral events in our
cohort. A total of 396 (82%) patients had infarc-
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Table 3. Variable associated with hemorrhage and subgroup analysis according to diabetes mellitus
(multiple logistic regression analysis)

ok

Intracerebral hemorrhage all cases™ Lobar intracerebral hemorrhage

Variable n=87 n=15

OR (95% ClI, B) p OR (95% ClI, B) p
OSAHS 1.118 (0.424-2.948, 0.112) 0.821 5.339 (1.399-20.376, 1.675) 0.014"
DM 3.467 (1.521-7.905, 1.243) 0.003" 0.235 (0.063-0.871,-0.235) 0.030"
OSAHSxDM 0.378 (0.108-1.318, -0.972) 0.127 1.515 (0.091-25.204, 0.415) 0.772

Abbreviations: OSAHS, obstructive sleep apnea-hypopnea syndrome; OR, odds ratio; DM, diabetes mellitus. **Values adjusted
for age, hypertension and BMI. All associations hold, given that the patients had had intracerebral hemorrhage. **Values
adjusted for age, hypertension and BMI. All associations hold, given that the patients had had a stroke. "P<0.05, statistically
significant.

Table 4. Variable associated with basal ganglion infarction and ante-posterior circulation and sub-
group analysis according to diabetes mellitus (multiple logistic regression analysis* *)

Basal ganglion infarction An-posterior circulation***

Variable

OR (95% Cl, B) p OR (95% Cl, B) p
OSAHS 1.125 (0.513-2.466, 0.118) 0.769 3.432 (1.920-6.135, 1.233) 0.0001*
DM 2.192 (1.142-4.209, 0.785) 0.018* 1.085 (0.606-1.944, 0.081) 0.784
OSAHSxDM 1.329 (0.521-3.389, 0.284) 0.551 1.299 (0.627-2.690, 0.261) 0.484

Abbreviations: OSAHS, obstructive sleep apnea-hypopnea syndrome; OR, odds ratio; DM, diabetes mellitus. ***Infarcts in
the anterior and posterior circulation. **Values adjusted for age, hypertension and BMI. All associations hold, given that the
patients had had ischemic stroke. *P<0.05, statistically significant.

tion stroke, whereas 87 patients (18%) had
hemorrhagic stroke. However, the stoke types
were not significantly different (P=0.239). After
the univariate testing, the OSAHS individuals
had higher relative prevalence of lobar hemor-
rhage (27% vs. 10%, p=0.038). After the multi-
variate analysis, lobar hemorrhage was posi-
tively associated with OSAHS (OR=5.339
[1.399-20.376]; P=0.014) but negatively asso-
ciated with diabetes mellitus (OR=0.235
[0.063-0.871]; P=0.030). No interaction was
observed between the former and the latter, as
evidenced by the OR for the stratification of
OSAHS patients by diabetes mellitus (Table 3).

Among the 396 cases of cerebral infarction,
basal ganglia infarction was more common in
the OSAHS group but was not statistically dif-
ferent from the controls (26.0% vs. 29.5%,
P=0.090). Based on intracranial vascular
involvement distinction, both the anterior and
posterior circulation infarctions were more
common in persons with OSAHS (27.5% vs.
9.5%, P<0.001). After multivariate analysis,
OSAHS was associated with greater incidence
of anterior and posterior cerebral vascular cir-
culation infarction [OR=3.432 (1.920-6.135);
P=0.0001]. No interaction between OSAHS and
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diabetes mellitus was observed, as evidenced
by the estimates of OR for the subgroups of
OSAHS diabetic and OSAHS nondiabetic indi-
viduals (Table 4).

SVD was more common in the OSAHS group
(Table 5); the association was still significant
after multivariate testing. SVD may be associ-
ated with OSAHS [OR=1.797 (1.039-3.107);
P=0.036] and more strongly associated with
diabetes mellitus [OR=2.174 (1.236-3.822);
P=0.007]. LAD was positively related to diabe-
tes mellitus but negatively related to OSAHS; no
interaction was observed (Table 6).

Discussion

Among all the patients who experienced isch-
emic stroke, 77% of men and 64% of women
with stroke suffered from OSAHS [7]. Arzt
reported (Wisconsin Sleep Cohort Study) that
the incidence of stroke in moderate and severe
OSAHS patients was 4.33 times than that of
the general population, and OSAHS was an
independent risk factor of stroke [8]. Among
the stroke patients we followed, 357 cases
(50.5%) of stroke patients were diagnosed with
SAS. A total of 124 patients that suffered from
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Table 5. Etiology of ischemic stroke in OSAHS vs. non-OSAHS patients

Etiology non-OSAHS OSAHS Chi-square value p Total (n=396)
Small-vessel disease 25 (12.5) 41 (20.9) 5.900 0.015* 66 (16.7)
Large-artery disease 76 (38.0) 89 (45.4) 3.260 0.071 165 (41.7)
Cardiogenic embolism 31 (15.5) 33(16.8) 64 (16.2)
Other 12 (6.0) 9 (4.6) 21 (5.3)
Undetermined 56 (28.0) 24 (12.3) 80 (20.1)

Abbreviations: OSAHS, obstructive sleep apnea-hypopnea syndrome. *P<0.05, statistically significant.

Table 6. Variable associated with LAD and SVD and subgroup analysis according to diabetes mellitus

(multiple logistic regression analysis* *)

Small-vessel disease

Large-artery disease

Variable

OR (95% Cl, B) OR (95% Cl, B) p
OSAHS 1.797 (1.039-3.107, 0.586) 0.036* 0.713 (0.323-1.797,-0.338) 0.713
DM 2.174 (1.236-3.822, 0.777) 0.007* 2.711 (1.458-5.041, 0.997) 0.002*
OSAHSxDM 1.598 (0.510-5.010, 0.469) 1.740 (0.649-4.610, 0.554) 0.271

Abbreviations: OSAHS, obstructive sleep apnea-hypopnea syndrome; OR, odds ratio; DM, diabetes mellitus. **Values adjusted
for age, hypertension and BMI. All associations hold, given that the patients had had ischemic stroke. *P<0.05, statistically

significant.

central or mixed sleep apnea were excluded,
whereas 233 of the 357 SAS cases had OSAHS
(65.1%). This finding indicates that more than
50% of stroke patients are at risk of being mis-
diagnosed with non-OSAHA if polysomnogra-
phy is not routinely used. Cerebrovascular dis-
ease does not increase the incidence of central
sleep apnea, and stroke patients would be at
high risk of OSAHS [9, 10].

Diabetes mellitus is the major risk factor for a
spectrum of ischemic and hemorrhagic cere-
brovascular diseases. Similarly, studies have
shown that OSAHS can arouse apoptosis of
islet B cells and induce insulin resistance. The
probability of diabetes mellitus increases in
OSAHS patients. Approximately 40% of OSAHS
patients have diabetes mellitus [11, 12].
Moreover, OSAHS is a common complication in
diabetes mellitus patients [11]. In our cohort,
diabetes mellitus was observed more frequent-
ly in stroke patients with OSAHS, which is con-
sistent with the previous report. Other than dia-
betes mellitus, OSAHS patients have high
cerebrovascular risk factors, such as hyperten-
sion, age, and BMI. The incidence of OSAHS in
stroke patients would increase with age. The
OSAHS group was, on average, 4 years older
than the non-OSAHS. This trend was not relat-
ed to gender. By contrast, other cerebrovascu-
lar disease risk factors, such as blood homo-
cysteine, hypercholesterolemia, and smoking
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in the OSAHS group with stroke, tended to
increase without significant difference.

Few reports have depicted the relationship
between stroke type and OSAHS. Hence, the
understanding remains unclear. In the present
study, we observed that OSAHS was more com-
mon in ischemic stroke without significant dif-
ference (49.49% vs. 42.53%, P>0.05) com-
pared with hemorrhagic stroke. Through logistic
multivariate analysis of our cases, we found
that OSAHS was still not a factor closely associ-
ated with stroke type. This finding was not con-
sistent with Szucs’ [13] report, which showed
that the incidence and severity of OSAHS in the
acute hemorrhagic stroke is significantly higher
than in the ischemic group. One probable cause
for this variation is the difference in prevalence
among different races and geographical origin.
Moreover, OSAHS is closely related to some
risk factors of stroke. Thus, a more complicated
potential impact of these risk factors may lead
to the conflicting results. Nevertheless, a pro-
spective cohort study would be helpful for our
observation in the future.

As for the bleeding site, deep basal ganglia
hemorrhage accounted for the largest propor-
tion of cerebral hemorrhage patients with
OSAHS, but the difference did not reach the sig-
nificance level. However, lobar hemorrhages
were more frequent in the OSAHS group com-
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pared with the non-OSAHS group. The differ-
ence between the two groups was statistically
significant. OSAHS was closely associated with
lobar hemorrhage, whereas diabetes mellitus
with lobar hemorrhage was not significantly
correlated. No statistically significant correla-
tion between OSAHS and diabetes mellitus for
lobar hemorrhage was observed. Lobar hemor-
rhage occurred in the frontal lobe in the OSAHS
group, with the following priority order: frontal >
parietal > temporal > occipital lobe. We specu-
lated that airway obstruction in OSAHS patients
may affect the frontal gyrus, which controls
pharyngeal muscle contraction to avoid active
airway narrowing, and the overactivity and
lower relative tolerance to hypoxic exposure
and abnormal regulation of vascular endotheli-
al function eventually results in bleeding. In
view of the relativity between cognitive impair-
ment and frontal lobe stroke, this finding may
strengthen the arguments that OSAHS led to
cognitive decline in patients with stroke.

Bassetti [14] reported that OSAHS is related to
the site and severity of cerebral infarction.
However, Parra and others [15] showed con-
flicting results. The clinical relevance of OSAHS
with cerebral infarction distribution and vascu-
lar involvement is controversial. The incidence
of both anterior and posterior vascular circula-
tion involvement was significantly higher in the
OSAHS group. In addition, the anterior and pos-
terior vascular circulations, which are exten-
sively involved, was closely related to OSAHS
but not strongly associated with diabetes mel-
litus. The subgroup analysis showed the
absence of interaction. In our cohort, patients
with OSAHS had relatively higher prevalence of
deep basal ganglia infarction but were not sta-
tistically significant. OSAHS distributions show-
ed no significant difference among patients
having different locations of cerebral infarction.
However, studies have confirmed a close rela-
tionship between OSAHS and white matter
lesions [16, 17] in which basal ganglia infarc-
tion was considered a risk factor. Therefore,
prospective cohort studies are needed to
explore the existence of reciprocal causation.

Several recent studies have shown that OSAHS
significantly increased the incidence of white
matter lesions [16, 17]. An SWI study in China
found that OSAHS could be a risk factor for
cerebral microbleeds. It is suggested that
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OSAHS is intimately connected to cerebral
small vessel disease (SVD). Based on this find-
ing, whether SVD is more common in the OSAHS
group, needs to be further investigated. Cu-
rrently, only few reports have explained the
relationships between OSAHS and stroke vas-
cular etiologies. In our cohort, we found that
the incidence of SVD in the OSAHS group was
significantly higher. Diabetes mellitus was more
closely linked with SVD, and diabetes mellitus
was not found to interact with OSAHS. It has
been demonstrated that airway obstruction,
hypoxia during sleep, autonomic nervous sys-
tem dysfunction occurs in OSAHS patients
destroys the physiological circadian rhythm of
blood pressure, causing hypertensive arterio-
sclerosis [18-20]. Lavie L confirmed that oxida-
tive stress in OSAHS patients could induce acti-
vation damage of vascular endothelial cell, and
increase vascular permeability [21, 22].
Additionally, in OSAHS patients, cerebral auto-
regulation is impaired, which lead to decreased
cerebral perfusion [23]. The underlying associ-
ation of OSAHS with SVD may be explained by
these findings.

This study was limited by a small sample size
and selection bias, and the OSAHS group was
not a complete representative of the character-
istics of stroke patients.

Further studies are needed to determine the
complicated interaction between OSAHS and
risk factors. In addition, more prospective stud-
ies are required to seek the cause and effect
relationship in determining whether OSAHS
treatment after stroke is important in stroke
prevention.
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