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ABSTRACT

Background: More than 50% of stroke patients have sleep-disordered breathing.

Aim: To determine whether the location, side of stroke and type of stroke affect the
occurrence of sleep apnea.

Patients and methods: Of the 500 patients with the first stroke treated at the Neurol-
ogy Clinic for one year, 110 (22%) had sleep apnea. Acute stroke has been verified either
by computerized tomography or magnetic resonance imaging of the brain. The mean
age of subjects with apnea was 65.13 + 9.27 years. The control group consisted of the
same number of patients without apnea (n=110) and without a statistically significant
difference in patient age and sex distribution.

Results: The largest number of patients with and without apnea had ischemic stroke
83.6%, while 16.4% of patients had hemorrhagic stroke. There was no statistically sig-
nificant difference in type of stroke between the groups. With apnea, the largest num-
ber had a lesion in two or more places 51.8%, as well as without apnea 45.45%, but the
difference was not statistically significant. The largest number of patients with apnea,
had lesions in right hemisphere (44/40%), and then followed both (40/36.4 %) and
the left (26/23.6%) hemispheres. The largest number of patients without apnea had
lesions in both (50/45.4%), left (32/29.1%) and right (28/25.5%) hemispheres. There
is a statistically significant association between the localization of stroke in the right
hemisphere and the apnea (X* = 4.65, p = 0.03).

Conclusion: There is a statistically significant association between the localization of

stroke in the right hemisphere and the apnea.
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INTRODUCTION

Sleep disordered breathing (SDB) is a
disease of increasing importance and it is
frequent in stroke patients. SDB is being
recognized as an independent risk factor
for several clinical consequences, includ-
ing cardiovascular and cerebrovascular
diseases. It is generally accepted that
there exist an increased risk of stroke in
persons that are diagnosed with sleep
disordered breath. In the other hand
SDB is revealed in the most of patients
with stroke [1, 2]. Stroke can themselves
generate SDB [3]. The presence of SDB is
related to worst neurologic outcome after
stroke. In the literature is reported that
in hypertonic and diabetic patients with
SDB timely recognition and treatment
of SDB would prevent onset of stroke or
reduce the severity of neurological deficit
in case of stroke [1, 2]. Sleep apnea is the
most frequent SDB found in 5%-15% of
the population [4]. There are considered

to be three types of sleep apnea disorders:
obstructive, central, and mixed sleep ap-
nea [5]. Obstructive sleep apnea (OSA),
which affects about 10% to 20% of middle
to older aged adults are characterized by
the repeated obstruction of the upper air-
way during sleep that leads to complete
cessation (apnea) or reduction (hyperp-
nea) of airflow, occurring irrespective of
continued ventilatory effort. Before ter-
mination, these events lead to a decrease
in blood oxygen saturation and an associ-
ated increase in carbon dioxide levels dur-
ing longer events [6]. The termination of
the apnea is often preceded by an arousal,
which leads to sleep fragmentation and
activation of the sympathetic nervous
system. The former is hypothesized to be
involved in the neurocognitive sequelae,
whereas the latter leads to cardiovascu-
lar dysregulation. This process is identi-
fied as the possible cause for the daytime
sleepiness and cardiovascular health and
functioning problems witnessed in these
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individuals [7 - 9]. Stroke patients with OSA have a
worse prognosis overall, but treatment with CPAP can
have a significantly better impact on overall cognitive
and other physical disabilities suffered after stroke [10].
The prevalence of stroke is decreasing in the USA com-
pared to past two decades because of efficient health
care, as well as the increased availability of advanced
laboratory investigations, skilled neurologists, and
stroke rehabilitation centers [11]. Severe OSA, which
occurs when the Apnea Hypopnea Index (AHI) =15,
shows higher prevalence of silent cerebrovascular le-
sions on MRI compared to less severe and moderate
OSA. Therefore, polysomnography studies should be
performed in all stroke patients regardless of the risk
factors of OSA. Stroke mortality has decreased over
the years in some of the countries which had the high-
est crude rate of mortality by stroke [12]. OSA is more
common in stroke patients regardless of neurological
damage in the brain areas and lesions, and the severity
of OSA plays an important role in stroke incidence [13].
In OSA patients not only apneic/hypoxemic episodes
cause oxidative stress and inflammatory damage to the
blood vessels, but sympathetic system stimulation also
releases catecholamines, and increased blood pressure
leads to platelet aggregation and further damage to the
vascular endothelium and progress to CVD and stroke
[14].

Aim: To determine whether the location, side of stroke
and type of stroke affect the occurrence of sleep apnea.

PATIENTS AND METHODS

This prospective study was conducted at the Clinic
of Neurology of the University Clinical Center in Tu-
zla. The examined group of 110 patients in the acute
phase of stroke sleep apnea was evaluated. The aver-
age age was 65.13 + 9.27 years. Among them, it was 65
(59%) men. The number of patients with no apnea in
the control group was the same as well as the gender
ratio, with an average age of 64+8.69 years. The study
group included patients who meet the following crite-
ria: confirmation of a diagnosis of ischemic stroke or
a hemorrhagic stroke by computed tomography (CT)
and/or magnetic resonance imaging (MR) of the brain,
pulmonological and neuropsychiatric assessment of
sleep apnea performed within seven days after stroke,
Mini Mental test (MMT) > 23, Glasgow coma scale
(GCS) > 8, written consent for participation in the re-
search by the patients or a close family member. Pa-
tients with a Glasgow score <8 on the day of neuropsy-
chiatric examination were excluded from the study, as
well as patients with epileptic seizures at the onset of
stroke, with aphasia, with MMT< 23, with verified pre-
vious dementia/cognitive impairment (based on het-
ero anamnesis data from patients relatives, data from
previous medical findings). Neurological, neuropsy-
chiatric and pneumological tests were performed in all
patients at five different periods: the first test - in the
acute phase of stroke (first week of stroke), second test
- one month after the stroke, third test- three months
after stroke, fourth test - six months after stroke and
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fifth test - twelve months after stroke. In these peri-
ods, all patients were evaluated: The National Institute
of Health Stroke Scale [15], Mini Mental Test [16], The
Sleep and Snoring Questionnaire Test [17]. The Berlin
Questionnaire Test [18], The Epworth Sleepiness Scale
[19], The Stanford Sleepiness Scale [20] and the Gen-
eral Sleep Questionnaire [21]. The findings of CT of the
brain and MR of the brain were interpreted by a radiol-
ogist who was not familiar with the goals and hypoth-
eses of the research and based on whose results were
established: type of stroke, localization of the lesion,
and lesion size. The research included the registration
of the following socio-demographic characteristics:
gender and age.

Methods / Instruments

Glasgow coma scale

Observation and examination included three areas
that were ranked according to the given instructions
and thus three scores were obtained, one for each area;
eye opening, best verbal response and motor response.
These three scores were added into results which rep-
resents the Glasgow Coma Scale that ranges from 3
(most severe degree of coma) to 15 (normal conscious-
ness). In relation to the brain lesion, the score is classi-
fied into three stages: severe lesion - if the score is 3 to
8, moderate lesion - if the score is 9-12 and mild lesion
- if the score is 13 to 15.

Stroke Scale of the National Institutes of Health

Neurological deficit was measured by the NIHS scale,
a graded neurological scale that examined the state of
consciousness, visual field defects, bulbomotor and
facial nerve function, motor and sensory impairment,
ataxia, speech function, and neglect phenomenon.
This scale is one of the most commonly used scales in
research, but also in clinical work. The score ranged
from o to 42, with the highest score indicating the
most severe neurological deficit.

Mini-Mental State

In clinical practice, Mini-Mental State is the most
widely used instrument for evaluating disorders of
intellectual efficiency and the presence of intellectual
deterioration. It has proven to be a valid, highly reliable
test, sensitive to changes over time. It consists of exam-
ining different cognitive areas. The total score ranged
from o (maximum cognitive deficit) to a maximum of
30 (no cognitive deficit). Different degrees of cognitive
dysfunction (between these endpoints) correspond to
the following scores: a score <10 - severe dementia, a
score between 10 and 20 - moderate dementia, a score
between 21and 25 - mild dementia, score 26 which is a
borderline score according to dementia and score >27
- no dementia.
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The Sleep and Snoring Questionnaire Test

The Snoring and Sleep Apnea Questionnaire consists
of 12 questions answered with yes or no. The scale was
filled in by the examiner. Affirmative answers to ques-
tions 1, 3, 4, 8 and g are a high indicator for sleep apnea.

Berlin Questionnaire Test

The Berlin questionnaire included 10 questions on risk
factors for sleep apnea, including body weight, snor-
ing, breathing pauses, drowsiness on walking or dur-
ing the day and hypertension. The scale was filled by
the examiner by circling the offered answers. The rank-
ing of the answers is gradual: o = never or almost never,
1=1to 2 times a month, 2 =1 to 2 times a week, 3 =3
times a week and 4 = almost every day.

Epworth Sleepiness Scale

The Epworth scale is designed to identify sleep prob-
lems. It consists of 4 parts that analyze drowsiness,
sleep apnea/snoring, narcolepsy and other disorders.
Scoring and analysis were performed according to the
attached key. The ranking of the answers is gradual: 1
= rarely or never, 2 = sometimes, 3 = often, 4 = mostly.
The scale was filled in by the examiner.

Stanford Sleepiness Scale

The Stanford Sleepiness Scale is designed to self fatigue
and measure drowsiness. It consists of 7 levels that de-
scribe the degree of drowsiness. It is used along with
other scales when diagnosing sleep disorders and nar-
colepsy. If the patients score is above 3, he has serious
sleep problems. The scale was filled by the examiner.

General sleep questionnaire

The General Sleep Questionnaire is adapted from the
General Sleep Questionnaire and Vigilance Assessment
from Stanford University which is also used at the Cen-
ter for Sleep Disorders, New Jersey. This questionnaire
contains the following data: socio demographic (name,
age, gender, and occupation), sleep pattern data, day-
time sleepiness, chronic somatic diseases, and health
data. The questionnaire has a total of 46 questions.
The scale is filled in by the examiner with yes or no.
The general questionnaire analyzed the following risk
factors. Hypertension (systolic blood pressure >140
mm Hg, or diastolic >9go mm Hg or both), diagnosed at
least two years before the stroke, or documented treat-
ment of hypertension, heart disease (angina pectoris,
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myocardial infarction, arterial fibrillation, and consec-
utive heart failure) diagnosed by an internal medicine
specialist or a cardiologist. Diabetes mellitus is defined
by the use of drugs for diabetes before stroke ora docu-
mented blood glucose concentration >7 mol /L, hyper-
lipidemia (if cholesterol >5, ALDL>3 and triglycerides
>2, smoking at least 10 cigarettes per day for months,
and body mass index (BMI), which represents the ra-
tio of body weight of the patient (kg/m2) and whose
value was included in four categories. BMI categories
were: malnutrition <18.5, normal weight = 18.5 - 24.9,
elevated = 25-29.9 and obesity =30.

Statistical Analysi

Numerical test results were statistically processed,
analyzed and compared, to obtain answers to ques-
tions formulated within the research objectives. From
the basic descriptive statistical parameters, standard
statistical methods were used for qualitative and quan-
titative evaluation of the obtained results: absolute
numbers, relative numbers, arithmetic mean (X), stan-
dard deviation (SD), and range of values. When test-
ing the statistical significance of main differences, the
standard Student T-test was used. Descriptive statistics
were processed using the X* (Hi - square test) and the
proportional test. When testing statistical hypotheses,
a significance level of p <o0.05 was taken. All calcula-
tions were performed using the Arcus Quickstadt Bio-
medical statistical data processing program as well as
the long rank test with p < 0.05 considered significant.
The research was approved by an Ethics Committee of
the University Clinical Center Tuzla.

RESULTS

Among 500 patients with the first ever stroke, there
were 110 (22%) patients with sleep apnea whose mean
age was 65.13 + 9.27 years, and (65 or 59%) were men.
The control group consisted of the same number of pa-
tients without apnea (n = 10), mean age 64.94 + 8.69
years, with the same sex distribution (m = 65; f = 45).
There is no statistically significant difference in the age
of patients with or without apnea, neither in men (t
=-0.46, p = 0.65) or in women (t = 0.32, p = 0.75), nor
in total men and women (t = -0.16, p = 0.88). There is
no statistically significant difference in the age of pa-
tients with (t=0.75, p=0.46) or without apnea (t=0.27,
p=0.79) (Table1).

Table 1. Distribution of patients with and without apnea in relation to age and gender

Age With apnea Without apnea Total
(years) Men N % Women N % Men N % Women N % WithN %
Without N %
41-50 1 1.5 3 6.6 2 341 3 66 4 3.6 5
51-60 16 24.6 12 267 15 231 12 267 28 25.5 27
61-70 26 40.0 18 40.0 27 415 18 40.0 44 40.0 45
>70 22 33.9 12 267 21 323 12 26.7 34 30.9 33
Total 65 100.0 45 100.0 65 100.0 45 100.0 110 100.0 110

with apnea (t=0.75, p=0.46) without apnea (t=0.27, p=0.79)
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The largest number of patients with and without apnea
had an ischemic stroke (92/83.6%), while 18 (16.4%)
of patients had a hemorrhagic stroke. Of these, there
were 56 (86.2%) men and 36 (80%) women with ische-
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mic and 9 (13.8%) men and g (20%) women with hem-
orrhagic stroke, but the difference was not statistically
significant (p> 0.05) (Table 2).

Table 2. Distribution of patients with and without apnea by gender and type of stroke

Stroke With apnea Without apnea Total

Men N % Women N % Men N % Women N % Men N % Women N %
Ischemic 56 86.2 36 8o 56 86.2 36 8o 92 83.6 92
Hemorrhagic 9 13.8 9 20 9 13.8 9 20 18 16.4 18
Total 65 100.0 45 100.0 65 100.0 45 100.0 110 100.0 110

with - without apnea (p> 0.05)

Table 3 shows distribution of patients with and without
apnea by gender and localization of stroke. The largest
number of patients with apnea had a lesion in two or
more places (57/51.8%), followed by patients with a le-
sion in the temporal lobe (17/15.5%). The largest num-
ber of patients without apnea had a lesion in two or
more places (50/45.45%), followed by patients with a
lesion in the temporal lobe (16/14.54%). In the group of
the patients with apnea it was determined statistically
more frequent lesions in two or more places that in the

brainstem (X*= 40.88, p <0.0001). The chance of ap-
nea is 8.78 (95% CI: 4.17-19.43) times higher in the case
when the localization of the lesion is in two or more
places, than in patients with a lesion in the brainstem.
In the group without apnea, the largest number of pa-
tients had a lesion in two or more places compared to
brainstem lesions (X*= 28.83, p <0.0001). There was no
statistically significant difference in the localization of
stroke in the group of patient with and without apnea
(p> 0.05) (Table 3).

Table 3. Distribution of patients with and without apnea by gender and localization of stroke

Stroke localization =~ With apnea Without apnea Total

Men Women Men Women With Without

N % N % N % N % N % N %

Frontal lobe 7 10.8 1 2.2 7 10.8 5 1.1 8 7.3 12
Temporal 1 16.9 6 13.3 u 16.9 5 1.1 17 15.5 16
Parietal 5 7.7 3 6.7 6 9.2 5 1.1 8 7.3 1
Occipital 1 1.5 0.0 0.0 1 1.5 1 2.2 1 0.9 2
Cerebellum 4 6.2 3 6.7 6.2 2 4.4 7 6.3 6
Brain stem 8 12.3 4 8.9 7 10.8 6 13.3 12 10.9 13
Two or more places 29 44.6 28 62.2 29 44.6 21 46.7 57 51.8 50
Total 65 100.0 45 100.0 65 100.0 45 100.0 110 100.0 110

with - without apnea (p>0.05)

According to the side of acute stroke, the largest
number of patients with apnea had lesions in right
(44/40%), both (40/36.4%) and the left (26/23.6%)
hemispheres. The largest number of patients without
apnea had lesions in both (50/45.4%), left (32/29.1%)
and right (28/25.5%) hemispheres. There is statisti-

cally significant association between the localization
of stroke in the right hemisphere and the occurrence
of apnea (X* = 4.65, p = 0.03). The chance of stroke on
the right side is 1.95 times (95% CI: 1.06-3.62) higher in
patients with than in patients without apnea (Table 4).

Table 4. Distribution of patients with and without sleep apnea according to the gender and side of stroke

Side of lesion | With apnea Without apnea Total
Men Women Men Women With Without
N % N % N % N % N % N %
Left side 17 262 |9 2.0 19 202 |13 28.9 |26 23.6 |32
Right side 30 46.1 14 311 17 26.2 u 24.4 44 40.0% |28
Both sides 18 27.7 22 48.9 |29 44.6 |21 46.7 |40 36.4 |50
Total 65 100.0 | 45 100.0 |65 100.0 | 45 100.0 | 110 100.0 | 110
left side (X>=0.59, p=0.44), both sides (X*=0.0, p=1) *X*=4.65, p=0.03 (right side)
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DISCUSSION

The results of many studies underline the association
between sleep-disordered breathing (SDB) and cere-
brovascular disorders. SDB, mostly obstructive sleep
apnea syndrome (OSAS), is believed to be an indepen-
dent risk factor of stroke and is related to poor out-
come and increased long-term stroke mortality. Wierz-
bicka et al. reported that SDB was present in 27 (62.8%)
patients with stroke and transient ischemic attack,
stratified into those with AHI 5-10 (10 patients), 10-20
(8 patients), and AHI>20 (9 patients). In 15 patients,
there was an increase in AHI >or=5 on assuming the
supine position [22]. Apneas during sleep (sleep apnea
- SA) are present in about 1% of the total population.
Aging increases a prevalence of SA and it is three times
more often in a population that is older than 40 years
of age. In the adults, obstructive sleep apnea (OSA) is
more often present compared to the central sleep ap-
nea (CSA) (84% vs. 0.4%). Mixed sleep apnea (MSA) is
a combination of two forms and occurs in 15% of all
population. SA is found in 50-70% of patients with
stroke [23]. The severity of the patient’s OSA apnea-
hypopnea index (AHI=30) plays an important role in
the development of ischemic stroke, especially in older
patients [24]. The prevalence of stroke is strongly asso-
ciated with OSA; particularly, the severity of OSA plays
a significant role in the development of stroke [25].
Stroke incidence increases with the severity of OSA
[26]. OSA is highly prevalent in stroke patients who are
not treated with adequate continuous positive air pres-
sure (CPAP) treatment [27]. In our study 22% patients
with acute stroke had SA. The mean age of patients
with apnea was 65.13 + 9.27 years, whereas in the con-
trol group the mean age of patients was 64.94 = 8.69
years. According to Janssens et al. the prevalence of ap-
nea increases with age and ranges from 1% to 62%,
something that is supported in our study. Minoguchi
et al. reported that SA is an independent predictor of
increased risk of stroke and mortality in elderly pa-
tients [28]. In a study of 741 patients with AHI> 10, the
presence of apnea was verified in 3.3% in the 20-90
years, with a maximum prevalence in the 45-64 years
[29]. Therefore, it has been suggested that the preva-
lence of apnea increases with age, but that the clinical
significance and severity of apnea decreases [30]. A
higher incidence of apnea in older age groups has also
been found in several other studies stating that aging
alters pharyngeal anatomy and functioning of pharyn-
geal dilator muscles and increases the risk of apnea
and stroke in elderly populations, something that is
consistent with the findings in our study [31, 32]. The
majority of patients in our study were man (59%),
which corresponds to the results of other studies be-
cause men are more susceptible to the occurrence of
apnea due to the reduced threshold of carbon dioxide
sensitivity compared to women [33]. Redline et al. doc-
umented the ratio of men and women in the commu-
nity with a range (2 to 3: 1. to 8: 1) [34]. OSA is more
common in stroke patients regardless of neurological
damage in the brain areas and lesions, and the severity
of OSA plays an important role in stroke incidence [13].
One prospective longitudinal study examining the el-
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derly (age 70-100) shows that patients with severe OSA
(AHI=30) demonstrated higher incidence of stroke
compared to patients without OSA [24]. Stroke pa-
tients with OSA have a worse prognosis, experiencing a
more prolonged hospitalization and spending more
time in rehabilitation [35]. Redline et al. reported that
men with AHI >19 have a hazard ratio of 2.8 for stroke,
and that for every single-measure- unit risk factor for
stroke and death in men increases for 6% [36]. In our
study, ischemic stroke was verified in 92 (83.63%) and
hemorrhagic stroke in 18 (16.36%) patients with apnea.
Similar results were found in other studies. OSA has
been documented to be present in 73-93% patients
[37, 38] of ischemic stroke patients, compared with a
community prevalence of 21% [39]. Patients with acute
ischemic stroke and OSA have worse outcomes than
those without OSA, including increased risk of early
neurological worsening, mortality, decreased func-
tional recovery, nonfatal cardiovascular events, longer
hospital stays, delirium, and depressed mood [40-45].
In a prospective study conducted on 152 patients with
acute stroke, it was confirmed that patients with acute
IS have a high incidence of sleep-disordered breathing
72%, and that in many cases respiratory disorders pre-
ceded ischemic stroke including TIA [46]. In Pasic
study they also found a relationship between SA and
stroke among 200 stroke patients, where 40.5% of pa-
tients had OSA, and the majority, 76.8%, had ischemic
stroke [47]. Sleep apnea is a separate risk factor that
correlates with poor outcome and increased long-term
mortality in stroke patients. Hu et al. reported that
63% of patients with ischemic stroke had also SA and
12.5% were without SA [48]. According to Herman et al.
SA is observed in 50-59% of stroke patients. Similarly,
SA is documented in 62% of patients (Iranzo et al.), as
well as in 77.6% of patients (Rolla etal.). All these stud-
ies documented higher number of patients with SA
compared to our study because they excluded patients
with severe speech disorders. In addition, they used
polysomnography for the diagnosis of SA, whereas we
have used questionnaires in our study [49, 40, 50]. The
largest number of patients in our study with apnea had
a lesion in two or more places 57 (51.8%), followed by
patients with a lesion in the temporal lobe (17/15.5%).
However, no statistically significant difference in the
frequency of stroke lesions was found in patients with
and without apnea (p> 0.05). Other studies docu-
mented similar results to our study with regard to the
localization of stroke and apnea. In a study of 39 pa-
tients (15 women and 24 men, mean age 57 years) with
the first acute stroke, of which 26 (67%) had SA a con-
nection between respiratory problems in sleeping and
localization of stroke could not be find [51]. In our
study, no connection was found between the localiza-
tion of stroke and SA (p = 0.58) [47]. In their study on
161 stroke patients and SA, Parra et al. have also found
no correlation between SA and the topographic loca-
tion of neurological lesion [13]. In a study conducted in
27 patients with stroke (mean age: 66 +/- 10 years and
BMI 24.4 +/- 4.4) they found apnea in 15 (59%). OSA
was found in 53.3%, mixed in 40% and central apnea in
6.7% of patients. There was no statistically significant
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difference that would indicate an association between
apnea and the localization of stroke [52]. In relation to
the side of stroke in our study, the largest number of
patients with apnea had lesions in the right hemi-
sphere (44/40%), both (40/36.4%) and left (26/23.6%)
side. The largest number of patients without apnea
had lesions in the both side (50/45.4%), left (32/29.1%)
and right (28/25.4%). However, there is a statistically
significant difference in the frequency of stroke on the
right side of the brain in patients with apnea compared
to patients without apnea (X* = 4.65, p = 0.03). The
chance of stroke on the right side is 1.95 times (95% CI:
1.06-3.62) higher in patients with apnea than in pa-
tients without apnea in our study. Similar study was
conducted in the Labuz - Roszak et al. which reported
that 23 (85.5%) surviving SA patients had a lesion (s) in
the left hemisphere, but this difference was not signifi-
cant (X*= 4.37, p = o.11). Patients without SA 48 (96%)
had lesion (s) on both sides, but this difference was not
significant (X* = 2.22, p = 0.33) [52]. Wierzbick et al.
analyzed 43 patients with stroke and SA and not veri-
fied significant correlation between the apnea and side
of stroke [53]. Pasic also did not found significant cor-
relation between the apnea and side of stroke (left 33%,
right 39.5%, both 27%) (X>=1.98, p=0.161) [47]. Accord-
ing to the fact that our Department is not specialized
in sleep disorders we were not able to do polysom-
nografy and AHI index, which can be characterized as
a lack of research. By searching a database in our coun-
try and region, we found that there are not many pub-
lications on sleep disorders after stroke, which moti-
vated us more to do this research.

CONCLUSION

In this study, almost quarter of stroke patients had
sleep apnea. In patients with sleep apnea, stroke was
more frequent in the right hemisphere.
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