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Clinical Characteristics of Sleep-Disordered
Breathing in Subacute Phase of Stroke

Hyunkyu Jeon, MD, Min Kyun Sohn, MD, PhD, Minsoo Jeon, MD, Sungju Jee, MD, PhD

Department of Rehabilitation Medicine, Chungnam National University Hospital, Daejeon, Korea

Objective To assess the frequency and severity of sleep-disordered breathing (SDB) in subacute stroke patients in
Korea.

Methods We consecutively enrolled subacute stroke patients who were transferred to the Department of
Rehabilitation Medicine from February 2016 to August 2016. The inclusion criteria were as follows: diagnosis of
the first onset of cerebral infarction or hemorrhage in the brain by computed tomography or magnetic resonance
imaging; patients between 18 and 80 years old; and patients admitted within 7 days to 6 months after stroke onset.
We evaluated baseline clinical data on patients’ admission to the Department of Rehabilitation Medicine. We
assessed demographic data, stroke severity, neurologic impairment, cognition and quality of life. We used the
Epworth Sleepiness Scale to assess quality of sleep. We used a portable polysomnography to detect SDB.

Results Of the 194 stroke patients, 76 patients enrolled in this study. We evaluated and included 46 patients in
the outcome analysis. The mean apnea-hypopnea index (AHI) was 24.2+17.0 and 31 patients (67.4%) exhibited
an AHI >15. Those in the SDB group showed a higher National Institutes of Health Stroke Scale, lower Functional
Ambulation Category, lower Korean version of Modified Barthel Index, and lower EuroQol five dimensions
questionnaire (EQ-5D) at admission. Prevalence and clinical characteristics of SDB did not show significant
differences among stroke types or locations.

Conclusion SDB is common in subacute stroke patients. SDB must be evaluated after a stroke, particularly in
patients presenting severe neurologic impairment.
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INTRODUCTION sympathetic activation and cardiovascular distress [1].
SDB is generally associated with poor sleep quality, ex-

Sleep-disordered breathing (SDB) is characterized by  cessive daytime sleepiness, and decreased quality of life
recurrent episodes of nocturnal hypoxemia and causes [2-5]. The prevalence of SDB is much higher in acute
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ischemic stroke patients than in the general population,
which implies an association between SDB and stroke [6-
9]. Moreover, there is evidence to suggest that the pres-
ence of SDB in stroke patients is associated with poor
functional status and high mortality [6,10,11].

Once a stroke has occurred, sleep apnea can aggravate
functional disabilities due to nocturnal hypoxia recur-
rence and sleep fragmentation, as well as reduced cardi-
ac output and cerebral perfusion [12-14]. Consequently,
in stroke patients, SDB may contribute to prolonged post-
stroke hospitalization and rehabilitation [12]. Obstruc-
tive sleep apnea (OSA) can be effectively treated with
continuous positive airway pressure, but OSA is often left
undiagnosed. When left untreated, OSA can contribute to
decreased recovery from stroke [3,10].

The mechanisms linking SDB with stroke are complex.
These mechanisms include endothelial damage, ath-
erosclerosis, hypercoagulability, inflammatory and he-
modynamic changes, paradoxical embolization and the
development of cardiac arrhythmias [15]. SDB is an inde-
pendent risk factor for stroke [16]. Conversely, stroke may
contribute to SDB onset or aggravate premorbid SDB [17].

Previous studies have suggested that sleep apnea more
likely precedes the onset of stroke. For instance, a large
population-based study showed that OSA may be an in-
dependent risk factor for stroke [18]. Bassetti et al. [19]
found an equal prevalence of sleep apnea in patients
following transient ischemic attack (TIA) and completed
stroke. In another study, Parra et al. [20] observed that
the number of central apneas decreased at 3 months af-
ter stroke onset, while the number of obstructive apneas
did not change. These findings suggest that acute stroke
predisposes to central sleep apnea (CSA), and OSA prob-
ably precedes the onset of stroke. However, such previous
data were mainly associated with acute phase ischemic
stroke. Data regarding the subacute phase of stroke are
lacking and evidences of hemorrhagic stroke are much
more limited.

The in-laboratory polysomnography is the gold stan-
dard test for SDB [21]. However, due to constraints re-
garding access, cost, and patient unwillingness to sleep
overnight in a laboratory setting, this device is often not
feasible for many stroke and TIA patients. In this in-
stance, a portable polysomnography is feasible for use in
a post-stroke inpatient setting [22]. The present study was
performed to estimate the prevalence and severity of SDB

in Korean patients with subacute stroke and to investi-
gate the association between SDB and stroke type, stroke
severity, and functional outcome.

MATERIALS AND METHODS

Subjects

We consecutively enrolled all subacute stroke patients
who were transferred to the Department of Rehabilita-
tion Medicine from February 2016 to August 2016. The
inclusion criteria were as follows: (1) diagnosis of the first
onset of cerebral infarction or hemorrhage in the brain
by computed tomography or magnetic resonance imag-
ing; (2) patients between 18 and 80 years old; (3) patients
admitted within 7 days to 6 months after stroke onset;
and (4) patients providing their informed consent. We
excluded patients with any of the following: (1) history of
previous stroke; (2) history of traumatic brain damage or
brain tumor; (3) a baseline oxygen saturation of <95%; (4)
presence of acute or chronic cardiopulmonary diseases
that affect pulmonary function; (5) presence of neuro-
muscular disease (e.g., amyotrophic lateral sclerosis and
myasthenia gravis); and (6) unstable medical condition
disabling completion of the clinical trial. The Institu-
tional Review Board of Chungnam National University
Hospital approved this study (No. 2015-12-012-005).

Clinical evaluation

Measurements on admission

We assessed demographic and clinical data, stroke
severity, neurologic function, cognition and quality of
life on admission to the Department of Rehabilitation
Medicine. Basic demographic and clinical data included
age, gender, body weight, height, systolic and diastolic
blood pressure, and underlying diseases. All subjects
were questioned regarding their cardiovascular risk fac-
tors. This information was provided by the patients or
their relatives. The body mass index (BMI) was calculated
for all subjects. Stroke types were classified as ischemic
or hemorrhagic. The location of stroke lesions was clas-
sified as supratentorial, brainstem or cerebellum. Stroke
severity was assessed by the National Institutes of Health
Stroke Scale (NIHSS). Functional disability was assessed
by a Modified Rankin Scale (mRS), Korean version of
Modified Barthel Index (K-MBI) and the Functional
Ambulation Category (FAC). Cognitive impairment was
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assessed using the Korean version of Mini-Mental State
Examination (K-MMSE) and the Korean version of Mon-
treal Cognitive Assessment (MoCA-K). Quality of life was
evaluated using the EuroQol five dimensions question-
naire (EQ-5D). Dysphagia was considered as the diffi-
culty in swallowing solid food.

Measurements at discharge

We estimated stroke outcome by the K-MBI, mRS, and
NIHSS at discharge from the hospital. We obtained the
length of total hospitalization and rehabilitation from a
medical record review.

Assessment of sleep-disordered breath

We performed sleep examination in the patient’s bed
using a portable polysomnography Stardust II (Respi-
ronics Inc., Murrysville, PA, USA). This multichannel
device recorded five diagnostic parameters: oxygen satu-
ration, pulse rate, nasal airflow, respiratory effort, and
body position. We performed the measurement for sleep
quality from 9 PM to 6 AM, without overnight supervi-
sion. A sleep technologist analyzed sleep data, using the
American Academy of Sleep Medicine criteria [23]. We
excluded patients with a recorded sleep time of less than
180 minutes from the outcome analysis.

We define apnea as an airflow reduction of 290% for at
least 10 seconds, and hypopnea as an airflow reduction
of >50% for at least 10 seconds, followed by an oxygen de-
saturation of >3% [23]. We classify apneas with thoracic
motion, without thoracic motion, or with an initial lack
of motion followed by respiratory effort, as obstructive,
central, or mixed, respectively. We define the apnea-hy-
popnea index (AHI) as the mean number of apneas and
hypopneas per hour. We consider an AHI higher than 15
as SDB [24]. We define the obstructive apnea index (OAI)
and central apnea index (CAI) as the mean number of
obstructive apnea and central apnea events per hour, re-
spectively. We define the oxygen desaturation index (DI)
as the mean number of oxygen desaturations of 3% per
hour. We classify sleep apnea as obstructive or central,
according to the type of predominant event. Therefore,
predominantly OSA was diagnosed when >50% of the re-
spiratory events were of the obstructive type [3].

We evaluated the quality of sleep before stroke onset
with the Epworth Sleepiness Scale (ESS) [25]. We ob-
tained answers for the ESS from co-operative patients,

558

WWW.e-arm.org

or alternatively, from relatives. The ESS assesses daytime
sleepiness preceding stroke onset, and it clinically de-
fines a score >10 as excessive daytime sleepiness (EDS)
[26].

Statistics

We performed statistical analyses using IBM SPSS
Statistics ver. 23.0 (IBM, Armonk, NY, USA). To identify
factors associated with SDB in patients, we divided the
patients into two groups, according to the presence of
SDB. We compared clinical and demographic variables
between these groups. We used an independent t-test
and the chi-square test to compare continuous data and
categorical data between groups, respectively. We tested
differences in clinical data between three groups (supra-
tentorial, brainstem, and cerebellum) using a one-way
analysis of variance. We used a linear regression analysis
to identify independent factors in relation to AHI. We
considered a p-value of less than 0.05 as statistically sig-
nificant.

RESULTS

Of the 194 stroke patients, we excluded 118 patients and
enrolled 76 patients. Consequently, we evaluated 46 pa-
tients (61%) in the outcome analysis, comprising 25 men
and 21 women, with a mean age of 65.0+11.0 years (Fig. 1).
Poor cooperation in the sleep study was the most com-
mon cause of withdrawal from the study. The proportion
of stroke subtypes was 31 patients with ischemic stroke
and 15 patients with hemorrhagic stroke. The mean time

Screened for study
(n=194)
4 N\
118 subjects were excluded:
+ Exclusion criteria (n=97)
- Refuse (n=21) v
_ Y, s N\
Baseline evaluation & Sleep study
(n=76)
4 N\ _ Y,
30 subjects were excluded:
- Poor cooperation (n=28)
- Refuse (n=2) v
Data analysis
(n=46)
. J

Fig. 1. CONSORT diagram for patient inclusion and ex-
clusion.
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between the sleep study and stroke onset was 35.5+37.2
days (range, 7-173 days). The mean values were: AHI,
24.2+17.0; OAI, 9.8%£10.0; CAI, 4.6%6.8; and oxygen DI,
24.4+18.9. More specifically, the AHI was <5 in 17.4%, =5
in 82.6%, and 230 in 32.6% of the patients, respectively.
The overall SDB prevalence (AHI >15) was 67.4% (31 of
46). Table 1 summarizes these results.

We found significant differences between patients with
and without SDB in the initial FAC, NIHSS, K-MBI, EQ-
5D and changes in mRS between admission and dis-
charge (Table 1). Stroke severity, assessed by the NIHSS,
was worse in patients with SDB, compared to without
SDB. SDB patients had a lower overall cognitive status
(K-MMSE and MoCA-K) than patients without SDB, but
this difference was not statistically significant. Baseline
mRS did not differ significantly between patients with
and without SDB, but mRS at discharge (3.5+1.0 and

2.5+1.1, respectively; p=0.001) and changes between ad-
mission and discharge (0.5+0.6 and 1.1+0.7, respectively;
p=0.016) showed significant differences between the two
groups. There were no significant differences in age, BMI,
and systolic or diastolic blood pressure. There was no
difference in time between stroke onset and admission
to the department of rehabilitation medicine. However,
patients with SDB tended to have both a longer hospi-
talization and rehabilitation than those without SDB.
Specifically, stroke patients with SDB spent 5.9 more total
days in the hospital than patients without SDB, but this
difference was not statistically significant.

Table 2 shows the polysomnographic data. The mean
recorded total time was 413.5£130.2 minutes. Thirteen
patients (41.9%) had primarily obstructive apnea. Only
five patients (16.1%) exhibited predominantly central ap-
nea. Thirteen patients (41.9%) did not show a dominant

Table 1. Baseline characteristics of stroke patients with AHI >15 and <15

All patients (n=46) AHI>15 (n=31) AHI<15 (n=15) p-value
Age (yr) 65.0+11.0 65.3+11.1 64.4+11.4 0.796
Gender, male 25 (54.3) 18 (58.1) 7 (46.7) 0.467
BMI (kg/m?) 24.5+3.8 25.143.6 23.4+4.1 0.196
Ischemic 31 (67.4) 21 (67.7) 10 (66.7) 0.942
Hypertension 28 (60.9) 22 (71.0) 6 (40.0) 0.044*
Diabetes 14 (30.4) 9 (29.0) 5(33.3) 0.766
LOS, total 61.2+26.3 63.1+28.5 57.2+21.2 0.437
LOS, RM 41.7+21.3 43.9+23.8 37.0+£14.5 0.305
FAC 1.5+1.0 1.3+1.1 1.9+0.9 0.004*
NIHSS 6.3+4.8 7.515.2 3.9+2.8 0.005*
K-MMSE 18.0+8.9 16.2+8.9 21.6+8.2 0.051
K-MBI 41.7124.6 35.8+24.3 54.1+£21.0 0.013*
MoCA-K 13.9+8.2 12.0+7.7 17.448.3 0.057
mRS 3.9+0.8 4.0+0.6 3.5+0.9 0.234
EQ-5D 0.192+0.452 0.091+0.467 0.400+0.348 0.017*
Dysphagia 21 (45.7) 16 (51.6) 5(33.3) 0.243
NIHSS at discharge 4.7+4.1 5.6+4.4 2.9£2.5 0.011*
K-MBI at discharge 59.9+24.9 53.4+26.1 73.3+15.7 0.009*
mRS at discharge 3.2+1.1 3.5%1.0 2.5%1.1 0.001*
AHI 24.2+17.0 33.1+13.0 5.614.5 <0.001*

Values are presented as meantstandard deviation or number (%).

BMI, body mass index; LOS, length of stay; RM, rehabilitation medicine; FAC, Functional Ambulation Category; NI-
HSS, National Institutes of Health Stroke Scale; K-MMSE, Korean version of Mini-Mental State Examination; K-MBI,
Korean version of Modified Barthel Index; MoCA-K, Korean version of Montreal Cognitive Assessment; mRS, Modi-
fied Rankin Scale; EQ-5D, EuroQol five dimensions questionnaire; AHI, apnea-hypopnea index.

*p<0.05.
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apnea type. Accordingly, the AHI was significantly higher
in patients with SDB than without SDB. The OAI, CAI,
and DI were also relatively higher in patients with SDB.
However, mean heart rate did not differ significantly be-
tween the two groups. Premorbid sleep quality, assessed
by ESS, showed significantly higher scores in the SDB

Table 2. Polysomnographic data of patients with and
without SDB

Patients I‘:::;f::: p-value

with SDB SDB
AHI 33.1£13.0 5.6x4.5 <0.001*
OPI 13.0£10.7 3.3+3.4 <0.001*
CPI 6.5+7.5 0.6£1.2 <0.001*
HI 8.717.4 1.6x2.0 <0.001*
Mean heart rate 65.6+12.7 65.0+11.5 0.875
DI 32.9+17.1 6.8+5.7 <0.001*
Mean O, saturation (%) 93.3+1.9  95.0t1.4 0.001*
ESS 6.1+4.5 2.3+2.1 <0.001*

Values are presented as meantstandard deviation.

SDB, sleep-disordered breathing; AHI, apnea-hypopnea
index; OAI, obstructive apnea index; CAI, central apnea
index; HI, hypopnea index; DI, desaturation index; ESS,
Epworth Sleepiness Scale.

*p<0.05.

group.

There were no significant differences in AHI, OAI or
CAI by stroke type (Table 3). Hemorrhagic stroke patients
tended to show a longer period of total hospitalization
than ischemic stroke patients. Brainstem stroke patients
showed the lowest CAI, but this difference was not statis-
tically significant.

In the regression analysis concerning factors show-
ing an independent association with AHI, we found the
initial NIHSS (B=0.358; 95% confidence interval [CI],
0.318-2.214; p=0.010) and premorbid ESS (3=0.368; 95%
CI, 0.399-2.553; p=0.008) to be significantly and inde-
pendently correlated with AHI. There was no significant
association between AHI and age, gender, type and loca-
tion of the stroke, BMI, or blood pressure (Table 4).

Table 4. Independent predictor of AHI
B adjusted R*> p-value

AHI 0.258
NIHSS (admission)  0.358 0.010*
ESS (premorbid) 0.368 0.008*

AHI, apnea-hypopnea index; NIHSS, National Institutes
of Health Stroke Scale; ESS, Epworth Sleepiness Scale.
*p<0.05.

Table 3. Sleep indices and clinical characteristic in etiologic stroke types

Stroke type Location of stroke lesion
Ischemic Hemorrhagic Supratentorial Brainstem Cerebellum

(n=31) (n=15) DRI (n=31) (n=11) (n=4) DG
Age (yr) 66.2+10.4 62.5+12.3 0.326 62.9+t11.4 72.1+£5.2 62.0+14.2 0.047*
LOS, total 55.9+27.6 71.9%£20.0 0.032* 65.2+26.8 46.2+21.7 71.2+21.8 0.084
LOS, RM 38.1+21.4 49.1+£19.7 0.093 42.4+21.6 34.6+20.0 55.7+£17.7 0.221
BMI (kg/m°)  24.9+3.6 23.8+4.3 0.421 24.5+4.1 24.6%2.6 24.5%4.9 0.996
NIHSS 5.8%5.0 7.3+4.4 0.299 7.0£5.4 5.8+2.6 2.0x1.4 0.135
K-MMSE 19.2+9.0 15.5+8.5 0.195 15.3+9.4 23.0+4.8 25.3+£3.0 0.009*
K-MBI 45.0+26.4 35.0+19.6 0.158 40.0+24.6 39.6+25.6 61.8+16.9 0.239
AHI 23.3+17.1 25.9+17.3 0.639 24.8+18.1 23.3+£16.8 21.4+9.8 0.915
OAI 8.5+£7.0 12.5+14.4 0.207 9.6%11.3 9.8+6.1 11.8+10.0 0.922
CAI 5.0£7.3 3.7£5.6 0.498 5.1+£7.7 NEEDRS 5.6%6.7 0.570
DI 23.2+18.7 26.9+£19.9 0.546 25.7+£20.3 22.7+£17.7 18.7+£11.8 0.747

Values are presented as meantstandard deviation or number (%).

LOS, length of stay; RM, rehabilitation medicine; BMI, body mass index; NIHSS, National Institutes of Health Stroke
Scale; K-MMSE, Korean version of Mini-Mental State Examination; K-MBI, Korean version of Modified Barthel Index;
AHI, apnea-hypopnea index; OAI, obstructive apnea index; CAI, central apnea index; DI, desaturation index.

*p<0.05.
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DISCUSSION

This study seeks to estimate the prevalence of SDB in
Korean patients with subacute stroke. Parra et al. [20]
reported that the prevalence of SDB was 71% in the acute
stage and 62% in the subacute stage. Similarly, we found
a high prevalence (67.4%) of SDB in our patients who
were admitted to a rehabilitation unit, consistent with
those of previous western studies. We performed our
sleep study in the subacute phase of stroke using a por-
table polysomnography. Most previous studies have dealt
with acute stroke patients. However, most of the patients
admitted to rehabilitation medicine have moderate to
severe neurologic deficits and require a relatively longer
period of hospitalization. Our study has the advantage
of allowing the prediction of long-term SDB changes, as
well as functional changes in moderate-to-severe stroke
patients.

We found that patients with SDB had a significantly
worse neurological status, cognitive function, and func-
tional independence, compared to patients without SDB.
This was the case not only at admission to rehabilitation,
but also at discharge from the hospital. Thus, our study
showed the short-term influence of SDB on the func-
tional recovery. Baseline mRS did not differ significantly
between patients with and without SDB, but mRS at dis-
charge and changes between admission and discharge
showed significant differences between the two groups.
Patients with SDB had the worse functional capacity,
as measured by the mRS, compared to patients without
SDB. This finding concurs with those of previous studies
[10,12,27], which showed that SDB was associated with
worse functional outcome at discharge, and at 3, 6, and
12 months after stroke. Although there was no statistical-
ly significant difference, patients with SDB had a longer
period of hospitalization than patients without SDB, in
agreement with a previous study [12]. The relatively slow
recovery of stroke patients with SDB might be contrib-
uted to prolonged hospitalization.

We failed to find any significant difference in prevalence
and clinical characteristics of SDB according to stroke
type or location. Brown et al. [28] found that the pres-
ence of an acute infarction in the brainstem is associated
with both the existence and severity of SDB. However, a
previous study performed in Korea found no difference
in AHI across locations, including the brainstem [1]. This

discrepancy in findings is most probably due to difficul-
ties in measuring AHI in patients with severe brainstem
stroke and differences in patient characteristics between
studies. In our study, hemorrhagic stroke patients tended
to show a longer period of total hospitalization than isch-
emic stroke patients, which could be attributed to a com-
paratively longer period of acute care required for hem-
orrhagic stroke patients [29]. While hemorrhagic stroke
patients were hospitalized for 5 days more than ischemic
stroke patients before transfer to the department of reha-
bilitation medicine, the length of stay in the rehabilita-
tion unit did not show a significant difference.

Sleep studies were not performed before the stroke; it
was not possible to determine whether sleep apnea or
stroke came first. Previous studies suggested that sleep
apnea more likely precedes the onset of stroke and that
there is an improvement in SDB in most patients after the
acute phase of stroke [10,20]. In this study, premorbid
sleep quality, assessed by ESS, showed significantly high
scores in the SDB group. Furthermore, premorbid ESS
was significantly related to AHI by regression analysis. We
found that ESS could adequately predict a high likelihood
of SDB in the stroke patients. Also, the severity of EDS
preceding stroke (as estimated by the ESS) was a predic-
tor of stroke severity. These findings may indicate that
SDB precedes the stroke event in most cases. Our study
does not allow identifying the nature and cause of SDB.
Still, it can provide important data on the subacute phase
of stroke.

A few limitations of our study should be noted. First,
the use of a portable polysomnography tends to under-
estimate AHI. The portable device, without electroen-
cephalography recordings, cannot differentiate between
waking and sleeping states; thus, it may underestimate
respiratory events. Consequently, the prevalence of SDB
may be higher than our results indicate. Second, the
small sample size and the characteristics of the patients
referred to our hospital should be considered when in-
terpreting our findings. The patients admitted to the
department of rehabilitation medicine had moderate-to-
severe neurologic deficits and a higher NIHSS score on
admission. Moreover, we excluded recurrent stroke. In
addition, more than half of the eligible patients did not
participate because of poor cooperation. Thus, due to the
strict inclusion and exclusion criteria, our results may not
be representative of all stroke patients. Lastly, patients
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with higher neurologic deficits showed more severe SDB.
The severity of stroke may have a direct impact on the re-
sults. Future studies should focus on identifying the exact
causes of SDB in stroke patients and elucidate the effect
of initial stroke severity on the sleep study.

In conclusion, SDB is common in subacute stroke
patients admitted for rehabilitation and is associated
with worse neurologic and functional status. This study
emphasized that SDB can affect the neurologic and
functional status of stroke patients. Clinicians must as-
sess the sleep status of stroke patients and attempt to
appropriately treat the sleep disorder. Also, a portable
polysomnography can be performed in the rehabilitation
process of stroke patients and provide important data for
successful rehabilitation.
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