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Study Objectives: Sleep disorders are frequent in stroke patients. The prevalence of sleep-disordered breathing (SDB), excessive daytime sleepiness 
(EDS), and restless legs syndrome (RLS) among stroke survivors is up to 91%, 72%, and 15%, respectively. Although the relationship between EDS and SDB 
is well described, there are insufficient data regarding the association of EDS with RLS. The aim of this study was to explore the association between EDS, 
SDB, and RLS in acute ischemic stroke.
Methods: We enrolled 152 patients with acute ischemic stroke. Epworth Sleepiness Scale (ESS) was used to assess EDS. SDB was assessed 
using standard overnight polysomnography. All patients filled in a questionnaire focused on RLS. Clinical characteristics and medication were 
recorded on admission.
Results: EDS was present in 16 (10.5%), SDB in 90 (59.2%) and RLS in 23 patients (15.1%). EDS was significantly more frequent in patients with RLS in 
comparison with the patients without RLS (26.1% versus 7.8%, P = .008). ESS was significantly higher in the population with RLS compared to the population 
without RLS (7 [0–14] versus 3 [0–12], P = .032). We failed to find any significant difference in the frequency of EDS and values of ESS in the population with 
SDB compared to the population without SDB. Presence of RLS (beta = 0.209; P = .009), diabetes mellitus (beta = 0.193; P = .023), and body mass index 
(beta = 0.171; P = .042) were the only independent variables significantly associated with ESS in multiple linear regression analysis.
Conclusions: Our results suggest a significant association of ESS with RLS, diabetes mellitus, and obesity in patients with acute ischemic stroke.
Keywords: acute ischemic stroke, diabetes mellitus, excessive daytime sleepiness, obesity, polysomnography, restless legs syndrome, 
sleep-disordered breathing
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INTRODUCTION

Sleep disorders are frequent in stroke patients. The prevalence 
of sleep-disordered breathing (SDB), excessive daytime sleepi-
ness (EDS), and restless legs syndrome (RLS) among stroke 
survivors is up to 91%, 72%, and 15%, respectively.1–4

Numerous medical conditions are associated with EDS in 
stroke patients, including cardiovascular morbidity.5,6 EDS 
is assumed to be the most commonly caused by sleep depri-
vation, SDB, medication, or other medical and psychiatric 
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conditions. Primary hypersomnia is less common.7,8 Although 
the relationship between EDS and SDB in the general popu-
lation is well described, the data in stroke patients are rather 
inconsistent.9–11 There are also conflicting data regarding the 
association between EDS and RLS. Some of the studies found 
higher Epworth Sleepiness Scale (ESS) scores in subjects with 
RLS, whereas other failed to identify such findings.12–18 The 
aim of this study was to explore the association of EDS with 
SDB and RLS in acute ischemic stroke. An extensive literature 
search did not reveal any study on this topic.

BRIEF SUMMARY
Current Knowledge/Study Rationale: Sleep disorders are frequent in stroke patients. There are conflicting data regarding the association between 
excessive daytime sleepiness, sleep-disordered breathing, and restless legs syndrome. The aim of this study was to explore the association of 
excessive daytime sleepiness with sleep-disordered breathing, restless legs syndrome, and other clinical characteristics in patients with acute 
ischemic stroke.
Study Impact: Our study confirmed high prevalence of sleep disorders in patients with acute ischemic stroke. Presence of restless legs syndrome, 
diabetes mellitus, and body mass index were the only independent variables significantly associated with the measures of daytime sleepiness (the 
Epworth Sleepiness Scale). In acute ischemic stroke, restless legs syndrome, obesity, and metabolic factors seem to be the most important variables 
associated with the measures of daytime sleepiness, whereas the role of sleep-disordered breathing seems to be minor.
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METHODS

We prospectively enrolled 152 consecutive patients hospital-
ized in the stroke unit of the 1st Department of Neurology, 
Comenius University Bratislava with the diagnosis of acute 
ischemic stroke from January 2011 to June 2016. The diag-
nosis was confirmed clinically and neuroimaging (computed 
tomography or magnetic resonance imaging) was used to 
localize the site of the ischemic lesion. To assess baseline 
stroke severity, National Institutes of Health Stroke Scale 
(NIHSS) and modified Rankin Scale were used.19,20 Patients 
with severe stroke (NIHSS ≥ 15) were excluded. Moreover, 
subjects with impaired consciousness, agitated confusion, 
acute chest infection, or those who refused to participate 
were excluded from the study. The study was approved by 
the institutional ethics committee and all patients provided 
informed consent.

The baseline evaluation of all patients included assessment 
of clinical and demographic characteristics including sex, age, 
body mass index (BMI), and current smoking habit. Medical 
history and current medication on admission were recorded 
in all patients. Medical records of all patients were reviewed 
to search for medical conditions (arterial hypertension, dia-
betes mellitus, coronary artery disease, renal insufficiency, 
cancer, hepatopathy, hypothyroidism, parkinsonism, epilepsy, 
gastrointestinal disorders [peptic ulcer disease and gastro-oe-
sophageal reflux]) and medication (alpha-adrenergic blocking 
agents, beta-adrenergic blocking agents, anticonvulsants, an-
tidepressants, antihistamines, antiparkinsonian agents, anxio-
lytics, genitourinary smooth muscle relaxants, opiate agonists) 
that could contribute to EDS.8,21,22

The sleep study was performed 4.3 ± 2.8 days after the 
stroke onset. ESS was used to assess EDS, and ESS score of 
10 or more indicated EDS.23 The minimum criteria defined 
by the International Restless Legs Syndrome Study Group 
were used to establish the diagnosis of RLS.24 To avoid false-
positive diagnosis, the questionnaires were distributed during 
an interview with a patient. The sleep workup included full 
standard overnight polysomnography using Alice 5 device 
(Philips Respironics, Netherlands). Standardized criteria were 
used for scoring of sleep parameters and respiratory events. 
Apnea was defined as the cessation or the reduction of air-
flow ≥ 90% for more than 10 seconds, hypopnea as a reduc-
tion in airflow ≥ 50% for more than 10 seconds with oxygen 
desaturation > 3%.25 Apnea-hypopnea index (AHI) ≥ 5 was 
considered as a presence of SDB. Periodic limb movements of 
sleep (PLMS) index (number of PLMS per hour of sleep) was 
assessed. Scores were blinded to the baseline characteristics of 
the study population.

SPSS version 18 (SPSS Inc., Chicago, Illinois, United 
States) was used for the statistical analyses. Categorical vari-
ables were expressed as numbers (%), continuous variables as 
means (± standard deviation) or median (interquartile range 
[IQR], minimal-maximal values).

The chi-square test, Mann-Whitney U test, and Student 
t test were used for group comparison of particular variables. 
To determine relationships between ESS and characteristics of 
the population, Pearson or Spearman correlation coefficients 

were used. Stepwise multiple linear regression analysis 
was used to identify factors that contributed to the ESS. All 
tests were 2-sided and values of P < .05 were considered 
statistically significant.

RESULTS

EDS was present in 16 patients (10.5%), SDB in 90 patients 
(59.2%), and RLS in 23 patients (15.1%). Baseline character-
istics of the study population with EDS and without EDS are 
included in Table 1. RLS was significantly more frequent in 
patients with EDS when compared with the rest of the study 
population (37.5% versus 12.5%, P = .008). EDS was signifi-
cantly more frequent in patients with RLS when compared with 
the rest of the study population (26.1% versus 7.8%, P = .008). 
ESS was found to be significantly higher in the population 
with RLS than without (7 [0–14, IQR: 8] versus 3 [0–12, IQR: 
4], P = .032), see Figure 1. We failed to find any significant 
difference in frequency of EDS in populations with presence 
or absence of SDB (10.0% versus 11.3%, P = .799). Similarly, 
there was no significant difference in the values of ESS in the 
population with SDB compared with the rest of the population 
(4 [0–13; IQR: 5] versus 4 [0–14; IQR: 5.25], P = .821). Sta-
tistically significant correlation was found between the values 
of ESS and the presence of RLS, diabetes mellitus, and the 
values of BMI. There was a statistically nonsignificant trend 
toward higher values of ESS in patients with depression/use of 
antidepressants (Table 2). The presence of RLS (beta = 0.209; 
P = .009), diabetes mellitus (beta = 0.193; P = .023), and BMI 
(beta = 0.171; P = .042) were the only independent variables 
significantly associated with the values of ESS in multiple lin-
ear regression analysis.

DISCUSSION

In concordance with previous studies, our study confirmed 
high prevalence of sleep disorders in stroke patients.1–4 EDS 
was present in 10.5%, SDB in 59.2%, and RLS in 15.1% of pa-
tients with acute ischemic stroke. To the best of our knowledge, 
our study is the first one to search for the simultaneous asso-
ciation of EDS with SDB and RLS in acute ischemic stroke. 
Our results showed significant association between EDS and 
RLS, but we failed to find a link between EDS and SDB in pa-
tients with acute ischemic stroke. In our population, presence 
of RLS, diabetes mellitus, and BMI were the only independent 
variables significantly associated with ESS in multiple lin-
ear regression analysis. The lack of association between ESS 
and SDB measures suggest that ESS is not a useful screen-
ing tool for SDB in patients with acute ischemic stroke. How-
ever, we suppose that stroke patients with EDS according to 
the ESS should undergo screening for other sleep disorders, 
including RLS.

Our findings are consistent with previous studies. Bixler et al. 
in a cross-sectional study of the general population found that 
the occurrence of depression was the most significant risk fac-
tor for the complaint of EDS, followed by BMI, age, subjective 
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estimate of sleep duration, diabetes mellitus, smoking, and 
sleep apnea. In contrast with other variables, sleep apnea did 
not make a significant contribution to this logistic regression 
model. These authors supposed that the presence of EDS is 
more strongly associated with depression and metabolic factors 
than with SDB.26 In our study, the presence of diabetes mellitus 
and BMI belonged to the independent variables significantly 

associated with the values of ESS in multiple linear regression 
analysis. EDS has been shown to be associated with metabolic 
syndrome and obesity also by other authors.27,28 A variety of 
medical conditions and mental health disorders may be associ-
ated with poor sleep and EDS.3,29,30 Drug-induced sleepiness is 
also one of the most common side effects of central nervous 
system active drugs, including antidepressants, antipsychotics, 

Table 1—Baseline characteristics in the population with and without EDS.
With EDS (n = 16) Without EDS (n = 136) P

Age (years) 60.6 ± 12.9 65.1 ± 12.8 .183
Sex .769

Male 10 (62.5%) 90 (66.2%)
Female 6 (37.5%) 46 (33.8%)

Body mass index (kg/m2) 29.4 ± 4.7 27.2 ± 4.2 .069
Neck diameter (cm) 41.4 ± 3.7 39.5 ± 4.0 .085
NIHSS 3.5 (1–14) 4 (1–14) .718
mRS 2 (1–5) 2 (1–5) .3
Supratentorial stroke location 14 (87.5%) 103 (75.7%) .29
Cerebellar stroke location 1 (6.25%) 12 (8.8%) .728
Brainstem stroke location 1 (6.25%) 21 (15.4%) .323
Presence of RLS 6 (37.5%) 17 (12.5%) .008**
PLMS index (events/h) 8.1 (0–24.0) 12.6 (0–85.7) .722
Presence of SDB 9 (56.25%) 81 (59.6%) .799
AHI (events/h) 7.7 (0.3–62.8) 6.4 (0–95.4) .848
DI (events/h) 7.9 (0.8–45.4) 7.7 (0–110.8) .721
AI (events/h) 11.1 (2.5–51.8) 11.6 (0.9–66.3) .845
RDI (events/h) 11.2 (1.2–63.0) 13.6 (0.2–100.3) .864
Average sat (%) 91.8 ± 2.2 91.7 ± 5.3 .978
Minimal sat (%) 85.2 ± 5.8 85.9 ± 7.7 .725
Total sleep time (min) 414.2 ± 37.9 406.0 ± 60.4 .598
Current smoking 3 (18.75%) 35 (25.7%) .542
Arterial hypertension 14 (87.5%) 116 (85.3%) .812
Diabetes mellitus 6 (37.5%) 33 (24.3%) .252
Coronary artery disease 6 (37.5%) 73 (53.7%) .221
Atrial fibrillation 1 (6.25%) 35 (25.7%) .083
Renal insufficiency 1 (6.25%) 17 (12.5%) .464
Cancer 1 (6.25%) 11 (8.1%) .796
Hypothyroidism 2 (12.5%) 11 (8.1%) .551
Hepatopathy 2 (12.5%) 10 (7.4%) .470
Gastrointestinal disorders 1 (6.25%) 14 (10.3%) .608
Parkinsonism 0 (0%) 6 (4.4%) .391
Epilepsy/anticonvulsants 0 (0%) 3 (2.2%) .548
Depression/antidepressants 1 (6.25%) 7 (5.1%) .852
Alpha-adrenergic blocking agents 0 (0%) 6 (4.4%) .391
Beta-adrenergic blocking agents 5 (31.25%) 47 (34.6%) .792
Antiparkinsonian agents 0 (0%) 3 (2.2%) .548
Antihistamines 1 (6.25%) 1 (0.7%) .067
Anxiolytics 2 (12.5%) 5 (3.7%) .111

Categorical variables expressed as numbers and proportions (%), continuous variables as means ± standard deviation or median (minimal–maximal 
values). ** = P value below .01. AHI = apnea-hypopnea index, AI = arousal index, DI = desaturation index, EDS = excessive daytime sleepiness, 
ESS = Epworth Sleepiness Scale, mRS = modified Rankin scale, NIHSS = National Institutes of Health Stroke Scale, PLMS = periodic limb movements 
of sleep, RDI = respiratory disturbance index, RLS = restless legs syndrome, sat = saturation of blood with oxygen, SDB = sleep-disordered breathing 
(AHI ≥ 5).
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antihypertensives, antiepileptic agents, and other central ner-
vous system active agents.8 In our cohort, we observed a sta-
tistically nonsignificant trend toward higher values of ESS in 
patients with current use of antidepressants. Similar to findings 
in a previously mentioned study, we failed to find any signifi-
cant association between ESS and other medical conditions, 
medications, or polysomnographic parameters.26 Even though 

EDS is one of the most common symptom of SDB, the associa-
tion between EDS and the severity of SDB has been shown to 
be weak.31,32 In addition, there was no significant difference in 
the values of ESS in the population with SDB in comparison 
with the rest of our study cohort. Although some of the studies 
discovered the association of EDS with subcortical, thalamic, 
diencephalic, and pontine stroke, in our study there was no as-
sociation between the values of ESS and location of ischemic 
lesion.33–37 Our results showed no statistically significant rela-
tionship between ESS and the severity of stroke assessed by 
NIHSS, but there was a trend toward lower values of ESS in 
patients with more severe baseline degree of disability or de-
pendence in the daily activities according to modified Rankin 
Scale. Decreased sleepiness in such patients could be explained 
by the fact that physical needs of dependent patients are usually 
met by caregivers and low-level physical activity does not ex-
haust them so much.10 We have to admit that ESS was assessed 
soon after the stroke onset, so the ESS could reflect prestroke 
sleepiness more than the poststroke sleepiness. Especially the 
association with poststroke disability and SDB (due to frequent 
poststroke new-onset SDB) is disputable for this reason.

There are increasing data regarding daytime sleepiness in 
patients with the presence of RLS.38–41 There are several poten-
tial mechanisms linking RLS with EDS, including difficulties 
initiating sleep or maintaining sleep, and sleep fragmentation 
due to PLMS. In our study, we failed to find any significant 
difference in PLMS index in population with EDS in com-
parison with the population without EDS. Similarly, there 
was no significant correlation between PLMS index and ESS. 
Nevertheless, very little is still known about increased day-
time sleepiness in patients with RLS, and the presence of other 
underlying mechanisms is possible. We are not aware of any 
previous studies that assessed the presence of RLS to be the 
independent variable significantly associated with the measure 
of EDS.

Table 2—Correlation between Epworth Sleepiness Scale 
and baseline characteristics of the study population.

R P
Age −.083 .309
Male sex .031 .703
Body mass index .218 .008**
Neck diameter .109 .190
NIHSS −.058 .481
mRS −.152 .062
Supratentorial location .007 .935
Cerebellar location −.021 .797
Brainstem location .009 .914
Presence of RLS .174 .032*
PLMS index .015 .860
Presence of SDB −.018 .822
AHI .049 .548
DI .088 .281
AI .026 .749
RDI .064 .434
Average sat −.059 .470
Minimal sat −.067 .411
Total sleep time .002 .976
Current smoking .054 .509
Arterial hypertension .092 .258
Diabetes mellitus .234 .004**
Coronary artery disease −.073 .368
Atrial fibrillation −.111 .174
Renal insufficiency −.046 .578
Cancer −.122 .136
Hypothyroidism .112 .168
Hepatopathy .029 .720
Gastrointestinal disorders .036 .661
Parkinsonism .003 .974
Epilepsy/anticonvulsants −.014 .863
Depression/antidepressants .144 .076
Alpha-adrenergic blocking agents .035 .667
Beta-adrenergic blocking agents .05 .538
Antiparkinsonian agents −.079 .332
Antihistamines .088 .281
Anxiolytics .066 .418

* = P value below .05. ** = P value below .01. AHI = apnea-hypopnea 
index, AI = arousal index, DI = desaturation index, mRS = modified 
Rankin scale, NIHSS = National Institutes of Health Stroke Scale, 
PLMS = periodic limb movements of sleep, RDI = respiratory disturbance 
index, RLS = restless legs syndrome, sat = saturation of blood with 
oxygen, SDB = sleep-disordered breathing (AHI ≥ 5). 

Figure 1—Epworth Sleepiness Scale in those with and 
without RLS.

Epworth Sleepiness Scale in subpopulations with and without RLS (7 
[0–14, IQR: 8] versus 3 [0–12, IQR: 4], P = .032). IQR = interquartile 
range, RLS = restless legs syndrome.
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We must admit several limitations of our study. Although 
the ESS is a reliable self-administered questionnaire, we sup-
pose that our findings should be verified using the Multiple 
Sleep Latency Test, the gold standard for measuring EDS, in 
future prospective studies.1,42 Future studies should also as-
sess the effect of duration of particular sleep stages as well as 
daytime physical activity on EDS.43 These variables were not 
included in our analysis. Absence of the most severe stroke 
patients is another limitation of our study. We suppose that the 
presence of such patients could help to determine the causes of 
EDS in real-life stroke patients.

CONCLUSIONS

Our study confirmed a high prevalence of sleep disorders in 
patients with acute ischemic stroke. In our population, RLS, 
diabetes mellitus, and BMI were the only independent vari-
ables significantly associated with ESS in multiple linear re-
gression analysis. RLS, obesity, and metabolic factors seem to 
be the most important variables associated with the measure of 
EDS, whereas the role of SDB seems to be minor. Future stud-
ies should focus on mechanisms linking RLS with EDS. The 
effect of RLS therapy on the measure of EDS also should be 
prospectively explored.

ABBRE VI ATIONS

AHI, apnea-hypopnea index
AI, arousal index
BMI, body mass index
DI, desaturation index
EDS, excessive daytime sleepiness
ESS, Epworth Sleepiness Scale
IQR, interquartile range
mRS, modified Rankin Scale
NIHSS, National Institutes of Health Stroke Scale
PLMS, periodic limb movements of sleep
RDI, respiratory disturbance index
RLS, restless legs syndrome
SDB, sleep-disordered breathing
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