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ABSTRACT Objective: Research on the effects of sleep on health and
quality of life is ongoing. As part of this study, we aim to evaluate the role
of sleep disorders associated with modifiable or non-modifiable risk factors
in stroke aetiology. Material and Methods: A total of 137 individuals par-
ticipated in the study. After an ischemic stroke, we compared the patients'
sleep quality and duration in the last month with a control group that had not
had a stroke with similar classical risk factors. For this, we used simple sleep
questionnaires. Results: The total scores of the participants on the Epworth
Sleepiness and Pittsburgh Sleep Quality Scale were statistically different
between the groups. The total score of the Berlin Questionnaire (BQ) and the
rates of the Stanford Sleepiness Scale were statistically different between
the patient and control groups. According to the total scores of the BQ,
40.0% (n=28) of the patient group and 16.4% (n=11) of the control group
were found to be at high risk for obstructive sleep apnea (OSA). Our study
supports that poor sleep quality, short sleep duration, and increased risk of
OSA play a directly proportional role in the development of ischemic stroke.
Furthermore, our patients’ high frequency of OSA was associated with short
sleep duration. Conclusion: With this study, we would like to remind you
again that the importance of sleep disorders in the etiology of stroke and its
treatment should not be forgotten.
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OZET Amac: Uykunun saglik ve yasam kalitesi tizerindeki etkileri iizerine
aragtirmalar devam etmektedir. Bu ¢alisma ile, inme etiyolojisinde degisti-
rilebilen veya degistirilemeyen risk faktorleri ile iliskili uyku bozukluklari-
nin roliinii degerlendirmeyi amagliyoruz. Gere¢ ve Yontemler: Calismaya
toplam 137 kisi katild1. Iskemik inme sonras1, hastalarin son bir aydaki uyku
kalitesini ve siiresini benzer klasik risk faktorlerine sahip inme gegirmemis
kontrol grubu ile karsilastirdik. Bunun i¢in basit uyku anketleri kullandik.
Bulgular: Katilimcilarin Epworth Uykululuk ve Pittsburgh Uyku Kalitesi
Olgegi toplam puanlari gruplar arasinda istatistiksel olarak farklydi. Berlin
Anketi Berlin Questionnaire (BQ) toplam puani ve Stanford Uykululuk Ol-
¢egi oranlar hasta ve kontrol gruplart arasinda istatistiksel olarak farkliydi.
BQ toplam puanlarina gére hasta grubunun %40,0’1 (n=28) ve kontrol gru-
bunun %16,4’1 (n=11) obstriiktif uyku apnesi (OUA) agisindan yiiksek risk
altinda bulundu. Calismamuiz, kotii uyku kalitesi, kisa uyku siiresi ve artmig
OUA riskinin iskemik inme gelisiminde dogru orantili rol oynadigint des-
teklemektedir. Ayrica hastalarimizin yiiksek OUA siklig1, kisa uyku siireleri
ile iliskilendirilmistir. Sonu¢: Bu ¢alisma ile inme etiyolojisinde uyku bo-
zukluklarinin 6nemini ve tedavisinin unutulmamasi gerektigini tekrar hatir-
latmak isteriz.

Anahtar Kelimeler: Uyku; iskemik inme; uyku bozukluklart

There is no doubt that sleep accounts for about a
third of our lives. The effects of variations in sleep
duration and/or rhythm in adults can adversely affect
their health in the long run. A considerable amount
of research has been conducted to determine the im-
pact of inadequate sleep on health and quality of life.
A sleep disorder can be associated with various health

conditions that affect the cycle and/or duration of the
sleep cycle, which can have serious complications if
left untreated. Using simple questionnaires, we ex-
amined the sleep problems of patients with ischemic
strokes over the past month. This article aims to pro-
vide a brief review of the role of sleep disorders in
stroke aetiology and emphasize their importance as a
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contributing factor. During our literature review, we
came across articles that attempted to explain the re-
lationship between stroke and sleep based on research
findings. There is no doubt that there are many links
between strokes and sleep, regardless of the different
results obtained from different studies.'?

I MATERIAL AND METHODS

This study was approved by the Ethics Committee of
the Hitit University School of Medicine (date:
November 11, 2020, no: 347). The study was con-
ducted in accordance with the Declaration of
Helsinki. Informed consent was obtained from all
participants before the study was conducted.

We conducted the study with patients with is-
chemic stroke aged 45-70 years who were hospital-
ized with ischemic stroke and had classical risk
factors. These patients were conscious, cooperative,
and oriented during the study. As part of the study,
cases with dementia, chronic obstructive pulmonary
disease, infectious conditions on chest X-rays, and
morbidly obese people were excluded. We selected
patients based on exclusion and inclusion criteria, and
questionnaires were administered to them from the
second day after they had suffered an ischemic
stroke. The sleep quality, daytime sleepiness, ob-
structive sleep apnea (OSA) screening, and the level
of daytime sleepiness of the patients and the control
group were evaluated by a single neurologist using
simple questionnaires.’

STATISTICAL METHOD

For the analysis of the data in this study, SPSS pack-
age program was used (version 22.0, SPSS Inc.
Chicago, IL, USA. Hitit University Licensed). In de-
scriptive statistics, continuous data with a normally
distributed mean have been expressed as the
meanzstandard deviation, non-normally distributed
continuous data have been expressed as the median
(minimum-maximum), and variables with ordinal
data have been expressed as numbers and percent-
ages (%). The Kolmogorov-Smirnov test was used
to determine the normality of the distribution. The
Mann-Whitney U test was used for continuous vari-
ables whose mean comparisons did not show a nor-
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mal distribution. In order to examine the relation-
ships between categorical variables, either a chi-
square test or Fisher’s Exact test was used.
According to the statistical significance level, it was
evaluated as p=0.05.

I RESULTS

There were 137 participants in the study. There were
67 (48.9%) patients in the control group, while 51.1%
(n=70) were in the patient group. A total of 42.3%
(n=58) of'the participants were females, while 57.7%
(n=79) were males. In accordance with Table 1, a
comparison was made between the patients and con-
trol groups with regards to sociodemographic char-
acteristics, diabetes mellitus, hyperlipidemia, atrial
fibrillation, smoking, and alcohol use based on
socio-demographic  characteristics  (p=0.572,
p=0.714, p=0.793, p=0.731, p=0.45, p=0.622,
p=0.304, p=0.234, p=1.000, respectively).

Statistically, there was no significant difference
in the age of the patient group compared to the con-
trol group (p=0.995).

As for the total scores for the Epworth Sleepi-
ness Scale and Pittsburgh Sleep Quality Scales, there
was a statistically significant difference between the
2 groups (p<0.001, p<0.001, respectively) (Table 2,
Figure 1). There was a statistically signbificant dif-
ference between groups with regard to Berlin Ques-
tionnaire (BQ) total score and the Stanford Sleepiness
Scale (SSS) ratios (p=0.002, p=0.021, respectively)
(Table 3). It was determined that a patient group with
a total score of 60.0% (n=42) could be classified as
low-risk, while a patient group with a total score of
40.0% (n=28) could be classified as high-risk. There
were 83.6% of those in the control group (n=56) who
had a low risk of OSA and 16.4% (n=11) who had a
high risk for the condition. Among the patients
(n=32) who completed the SSS, 45.7% reported feel-
ing active and alert, while 68.7% (n=46) of the con-
trol participants reported feeling the same way.
During the course of our study, we found that short
sleep duration and poor sleep quality were associated
with an increased risk of ischemic stroke. There is an
association between short sleep duration and is-
chemic strokes. It has been found that short sleep du-



Sinan ELIACIK et al. J PMR Sci. 2023;26(3):328-34

TABLE 1: The socio-demographic characteristics of the participants and the relationships between patient and control groups with
regard to DM, HT, CAD, HL, AF, smoking, and alcohol use.

Patient Control Total p value

Education Uneducated n 15 18 33 0.7142
% 21.4% 26.9% 24.1%
Educated n 12 13 25
% 17.1% 19.4% 18.2%
Primary school n 20 15 35
% 28.6% 22.4% 25.5%
Secondary scholl n 1" 7 18
% 15.7% 10.4% 13.1%
High school n 9 8 17
% 12.9% 11.9% 12.4%
University n 3 6 9
% 4.3% 9.0% 6.6%

Smoking

Total n 70 67 137
% 100.0% 100.0% 100.0%

Chi-square test: "Fisher exact test; DM: Diabetes mellitus; HT: Hypertension; CAD: Coronary artery disease; HL: Hyperlipidemia; AF: Atrial fibrillation.
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TABLE 2: Comparison of age, BMI, Epworth Sleepiness Scale and Pitsburg Sleep Quality Scale total scores among
the research groups.

Group n Mean Std. deviation Median Minimum Maximum p value

Age Patient 70 65,7857 12,45618 66,0000 29 88 0.995
Control 67 66,0746 10,54760 68,0000 35 88

BMI Patient 70 25,9271 1,96991 26,1500 22.50 29.7 0.477
Control 67 25,7313 1,73731 25,7000 22.50 29.2

Epworth Sleepiness Scale total scores Patient 70 3,6429 4,06482 2,0000 0 14 <0.001
Control 67 1,3881 2,25600 ,0000 0 10

Pitsburg Sleep Quality Index total score Patient 70 5,0286 4,46556 3,5000 0 14 <0.001
Control 67 1,9701 2,77963 1,0000 0 14

Mann-Whitney U test; BMI: Body mass index.

epworth uykululuk dlcegi total puan
pitsburg uyku kalite 6lgegi total puan

hasta kontrol hasta kontrol
grup grup

a b

FIGURE 1: Box-plot plot of the distribution of Epworth Sleepiness Scale and Pitsburg Sleep Quality Scale total scores among the research groups of the participants.

TABLE 3: Comparison of the ratio of the Berlin Survey total score and the Stanford Sleepiness Scale according to the research groups.
Group
Patient Control Total p value
Berlin Questionnaire Low risk n 42 56 98 0.002°
% 60.0% 83.6% 71.5%
High risk n 28 11 39
% 40.0% 16.4% 28.5%
Stanford Sleepiness Scale  Feeling active, vital or wide awake n 32 46 78 0.0212
% 45.7% 68.7% 56.9%
Functionig at high levels, but not at peak; n 17 13 30
able to concentrate % 24.3% 19.4% 21.9%
Awake but relaxed;responsive but not fully alert n 1 7 18
% 15.7% 10.4% 13.1%
Somewhat foggy, let down n 5 1 6
% 71% 1.5% 4.4%
Confused and slowed in movements n 5 0 5
% 71% 0.0% 3.6%
Total n 70 67 137
% 100.0% 100.0% 100.0%

aChi-square test
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ration is associated with a high frequency of OSA in
our patients. As a result of this, we believe that this
group of patients with ischemic stroke has a short
sleep duration.

I DISCUSSION

Millions of people suffer from strokes every year
around the world. Identifying stroke risk factors is
one of the most important steps in reducing the mor-
bidity associated with cerebrovascular diseases
(CVD).%7 It is important to understand that sleep disor-
ders play a significant role in the etiology and recur-
rence of strokes, in addition to unanswered questions.

The purpose of this study was to evaluate the
sleep quality of patients in the last month before they
suffered an ischemic stroke by using simple ques-
tionnaires in order to determine how they felt about
their sleep. A sleep-wake cycle disorder, a sleep-dis-
order, sleep breathing disorder (SBD) are evaluated
in this study.

There have been numerous studies and meta-
analyses that have examined the relationship between
sleep duration and stroke risk. Yet, despite these stud-
ies being conducted up to this point, their results have
been contradictory. Several studies in the literature
indicate that both long and short periods of sleep are
associated with an increased risk of stroke, presenting
a U-shaped relationship.®’

A study examining the relationship between
sleep duration and stroke found that sleep for more
than nine hours was associated with an increased risk
of both total stroke and ischemic stroke. An increased
risk of intracerebral haemorrhage is associated with
less than seven hours of sleep per night.!

A bidirectional relationship between sleep and
stroke has been found to be quite complex.'" Sleep-
related physiological changes and circadian varia-
tions are believed to play a significant role in both the
aetiology and the onset of strokes due to the changes
occurring in the cardiovascular system due to sleep.
In fact, it has been shown in the literature that certain
sleep disorders may increase the risk of cardiovascu-
lar disease; for example, OSA and sleep duration
have been considered modifiable risk factors for
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strokes.!? Tt has been shown that OSA can increase
blood pressure fluctuations that are made worse by
sleep splitting. This can increase stroke risk through
its effects on traditional stroke risk factors, especially
hypertension, due to increased sympathetic activ-
ity."*!* A variety of mechanisms may explain these
relationships between strokes and sleep apnea. It has
been found that OSA patients have increased sympa-
thetic outflow cycles and oxygen desaturations
throughout the night due to their recurrent decreases
in ventilation, which can lead to sustained nocturnal
hypoxia as well as chronic hypoxia during the day.
As aresult of carbon dioxide partial pressure changes
observed in OSA, cerebral circulation is affected.
During periods of apnea and hyperpnea, cerebral
circulation is affected by vasoconstriction and va-
sodilation. Besides affecting endothelial dysfunc-
tion, OSA may also affect inflammation-related
vasodilators and vasoconstrictor substances, which
are thought to contribute to the development of
atherogenic and prothrombotic conditions associ-
ated with OSA.!5!18

Various mechanisms have also been identified
as predisposing OSA to the development of atrial
fibrillation (AF)." There was a significant differ-
ence between the control and patient groups in
terms of the results of the BQ in our study. Ac-
cording to this simple questionnaire, the patient
group was likely to be at risk of OSA than those in
the control group.

According to a study published in 2015, it has
been shown that long sleep duration is associated
with a higher risk of hemorrhagic stroke, while short
sleep duration is associated with a higher risk of is-
chemic stroke.?” According to Eguchi et al., short
sleep duration was an independent risk factor for
stroke among hypertensive patients.”! In our study,
as in many studies in the literature, the duration of
sleep was shortened in our patients in the pre-stroke
period, similar to what has been found in many stud-
ies. It has been shown in another study that in indi-
viduals with ischemic and hemorrhagic stroke, the
frequency of both stroke subgroups increases if they
sleep less than 6 hours or more than 9 hours per
night.?
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The results of the studies that investigated the
putative effect of habitual sleep on cerebrovascular
risk have indicated that sleep duration is associated
with stroke incidence in a J-shaped pattern. It has
been found that an increase of one hour in sleep time
is associated with an increase of 10-15% in stroke
risk. It is estimated that individuals who sleep more
than 8 hours a night are more likely to have a stroke
by about 50% than individuals who sleep a normal
amount of time during the night for 10 years.>* This
study aims to demonstrate that sleep disorders play a
significant role in the aetiology of strokes and that
this can be demonstrated even by simple tests. There
is no doubt that sleep disorders play a significant role
in the aetiology of stroke, and it is important to keep
this in mind as well.

There are a number of traditional risk factors
for stroke, including AF, age greater than 65, heart
disease, carotid artery stenosis, smoking, diabetes
mellitus, and dyslipidemia. There is an association
between sleep duration and traditional stroke risk fac-
tors. One of the first studies to propose that short and
long sleep are risk factors for high blood pressure can
be found in the sleep heart health study.?* Short and
long sleep durations have been found to be associated
with diabetes, obesity, heart disease, and low levels of
serum high-density lipoprotein cholesterol, which are
all diseases associated with a lack of sleep.?>¢ It has
also been shown that long sleep duration is also as-
sociated with the development of AF.?” As a result of
classical risk factors that can also be associated with
short sleep duration, we found a statistically signifi-
cant short sleep duration in the aetiology of ischemic
stroke in the patient group.

There is also evidence that poor sleep quality
plays a role in the etiopathogenesis of stroke. For ex-
ample, REM sleep behaviour disorder (RBD) inde-
pendently increases the risk of stroke by a factor of
1.5.2% As a result of RBD, the stroke mechanism can
be summed up as increased sympathetic activity and
changes in blood pressure in conjunction with a de-
terioration in sleep quality.?’ The ultrasound mea-
surement of carotid intima-media thickness (IMT) is
a non-invasive method of determining the extent of
atherogenic damage to the arteries of the carotid artery.*
Based on the literature review, it is evident that there
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are many different results that have been obtained be-
tween IMT and sleep duration.?'-*

There is conflicting evidence regarding the rela-
tionship between sleep duration and stroke risk. Sev-
eral studies have shown that short sleep durations are
associated with an increased stroke risk, while long
sleep durations are associated with an increased
stroke risk.**** Depending on the type of stroke, sleep
duration can be either long or short, but the reasons
for this are unclear. Stroke risk is largely unknown
regarding the mechanism behind long or short sleep
durations. Although many mechanisms continue to
be investigated today, long sleep duration has been
associated with increased levels of inflammatory
biomarkers, which is one important biological path-
way.*>® While sleep disorders before stroke are con-
sidered risk factors, sleep disorders may also occur
in the post-stroke period. According to recent stud-
ies, identifying sleep disorders is crucial to stroke pre-
vention. For a deeper understanding of this issue and
an evaluation of the pathophysiological causes of
these possible associations, longitudinal prospective
studies with more participants with each stroke sub-
type are required.’’

In preventing stroke, sleep is becoming increas-
ingly recognized as an important lifestyle factor. SBD
therapy can potentially improve stroke prevention
and post-stroke outcomes in future long-term and
comprehensive clinical trials. Although many stud-
ies have revealed the importance of sleep disorders,
we still believe that clinicians have not shown the
necessary sensitivity to sleep disorders in the etiol-
ogy of stroke. Sleep disorders are bidirectionally re-
lated to stroke. This demonstrates the importance of
establishing greater collaboration between clinicians
interested in sleep and stroke in order to improve pre-
vention and treatment of these disorders. We are sure
that more comprehensive and prospective studies in
which people with sleep disorders are followed for a
long period in terms of stroke will clarify this para-
doxical situation between stroke and sleep. The
study’s limitations included not examining the carotid
IMT values and the patients’ daily activity levels.
There is statistically significant evidence that sleep
plays an important role in stroke development, even
in this small sample.
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I CONCLUSION

Sleep quality and duration were associated with an

increased risk of ischemic stroke in our study. Poor

sleep quality and sleep loss due to various causes are

common health problems often overlooked by physi-

cians and are associated with serious medical condi-

tions such as diabetes, hypertension, obesity, depres-

sion, and anxiety. The presence of these comorbidities

increases the risk of stroke for the individual. Sleep dis-

orders are associated with CVD and stroke, as they rep-

resent both a risk factor and a consequence.

I REFERENCES

Korostovtseva L. Ischemic stroke and sleep: the linking genetic factors. Cardiol Ther.
2021;10:349-75. [Crossref] [PubMed] [PMC]

CaiH, Wang XP, Yang GY. Sleep disorders in stroke: an update on management. Aging
Dis. 2021;12:570-85. [Crossref] [PubMed] [PMC]

Agargiin MY, Gilli AS, Kara H ve ark. Epworth Uykululuk Olgeginin gegerligi ve
givenirligi. Turk Psikiyatri Dergisi. 1999;10:261-7. [Link]

Agargun MY, Kara H, Anlar O. The validity and reliability of the Pittsburgh Sleep Qual-
ity Index. Turk Psikiyatri Derg. 1996;7:107-11. [Link]

Karakoc O, Akcam T, Genc H, et al. Use of the Berlin Questionnaire to screen at-risk
patients for obstructive sleep apnea. B-ENT. 2014;10:21-5. [PubMed]

Di Napoli M, Slevin M, Popa-Wagner A, et al. Monomeric C-reactive protein and cere-
bral hemorrhage: from bench to bedside. Front Immunol. 2018;9:1921. [Crossref]
[PubMed] [PMC]

Lattanzi S, Silvestrini M. Blood pressure in acute intra-cerebral hemorrhage. Ann Trans|
Med. 2016;4:320. [Crossref] [PubMed] [PMC]

Pan A, De Silva DA, Yuan JM, et al. Sleep duration and risk of stroke mortality among
Chinese adults: Singapore Chinese health study. Stroke. 2014;45:1620-5. [Crossref]
[PubMed] [PMC]

Hu L, Zhang B, Zhou W, et al. Sleep duration on workdays or nonworkdays and car-
diac-cerebral vascular diseases in Southemn China. Sleep Med. 2018;47:36-43. [Cross-
ref] [PubMed]

Titova OE, Michaélsson K, Larsson SC. Sleep duration and stroke: prospective cohort
study and mendelian randomization analysis. Stroke. 2020;51:3279-85. Erratum in:
Stroke. 2020;51:¢347. [Crossref] [PubMed] [PMC]

Bassetti CLA, Randerath W, Vignatelli L, et al. EAN/ERS/ESO/ESRS statement on the
impact of sleep disorders on risk and outcome of stroke. Eur J Neurol. 2020;27:1117-
36. [Crossref] [PubMed]

Duss SB, Seiler A, Schmidt MH, et al. The role of sleep in recovery following ischemic
stroke: a review of human and animal data. Neurobiol Sleep Circadian Rhythms.
2016;2:94-105. [Crossref] [PubMed] [PMC]

Peppard PE, Young T, Palta M, et al. Prospective study of the association between
sleep-disordered breathing and hypertension. N Engl J Med. 2000;342:1378-84.
[Crossref] [PubMed]

Redline S, Yenokyan G, Gottlieb DJ, et al. Obstructive sleep apnea-hypopnea and in-
cident stroke: the sleep heart health study. Am J Respir Crit Care Med. 2010;182:269-
77. [Crossref] [PubMed] [PMC]

Selim B, Roux FJ. Stroke and sleep disorders. Sleep Med Clin. 2012;7:597-607. [Cross-
ref]

Dempsey JA, Veasey SC, Morgan BJ, et al. Pathophysiology of sleep apnea. Physiol
Rev. 2010;90(1):47-112. Erratum in: Physiol Rev.2010;90:797-8. [Crossref] [PubMed]
[PMC]

Sharma S, Culebras A. Sleep apnoea and stroke. Stroke Vasc Neurol. 2016;1:185-91.
[Crossref] [PubMed] [PMC]

Javaheri S, Barbe F, Campos-Rodriguez F, et al. Sleep apnea: types, mechanisms,
and clinical cardiovascular consequences. J Am Coll Cardiol. 2017;69:841-58. [Cross-
ref] [PubMed] [PMC]

Marulanda-Londo-o E, Chaturvedi S. The interplay between obstructive sleep apnea
and atrial fibrillation. Front Neurol. 2017;8:668. [Crossref] [PubMed] [PMC]

334

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

35.

36.

37.

Leng Y, Cappuccio FP, Wainwright NW, et al. Sleep duration and risk of fatal and non-
fatal stroke: a prospective study and meta-analysis. Neurology. 2015;84:1072-9. [Cross-
ref] [PubMed] [PMC]

Eguchi K, Hoshide S, Ishikawa S, et al. Short sleep duration is an independent predictor
of stroke events in elderly hypertensive patients. J Am Soc Hypertens. 2010;4:255-62.
[Crossref] [PubMed]

von Ruesten A, Weikert C, Fietze |, et al. Association of sleep duration with chronic
diseases in the European Prospective Investigation into Cancer and Nutrition (EPIC)-
Potsdam study. PLoS One. 2012;7:¢30972. [Crossref] [PubMed] [PMC]

He Q, Sun H, Wu X, et al. Sleep duration and risk of stroke: a dose-response meta-
analysis of prospective cohort studies. Sleep Med. 2017;32:66-74. [Crossref] [PubMed]

Gottlieb DJ, Redline S, Nieto FJ, et al. Association of usual sleep duration with hyper-
tension: the Sleep Heart Health Study. Sleep. 2006;29:1009-14. [Crossref] [PubMed]

Phua CS, Jayaram L, Wijeratne T. Relationship between Sleep Duration and Risk Fac-
tors for Stroke. Front Neurol. 2017;8:392. [Crossref] [PubMed] [PMC]

Shin HY, Kang G, Kim SW, et al. Associations between sleep duration and abnormal
serum lipid levels: data from the Korean National Health and Nutrition Examination
Survey (KNHANES). Sleep Med. 2016;24:119-23. [Crossref] [PubMed]

Khawaja O, Sarwar A, Albert CM, et al. Sleep duration and risk of atrial fibrillation (from
the Physicians' Health Study). Am J Cardiol. 2013;111:547-51. [Crossref] [PubMed]
[PMC]

Fodor DM, Babiciu |, Perju-Dumbrava L. Circadian variation of stroke onset: a hospi-
tal-based study. Clujul Med. 2014;87:242-9. [Crossref] [PubMed] [PMC]

Hepburn M, Bollu PC, French B, et al. Sleep medicine: stroke and sleep. Mo Med.
2018;115:527-32. [PubMed] [PMC]

Lorenz MW, Markus HS, Bots ML, et al. Prediction of clinical cardiovascular events
with carotid intima-media thickness: a systematic review and meta-analysis. Circula-
tion. 2007;115:459-67. [Crossref] [PubMed]

Wolff B, V6lzke H, Schwahn C, et al. Relation of self-reported sleep duration with carotid
intima-media thickness in a general population sample. Atherosclerosis. 2008;196:727-
32. [Crossref] [PubMed]

Sands MR, Lauderdale DS, Liu K, et al. Short sleep duration is associated with
carotid intima-media thickness among men in the Coronary Artery Risk Develop-
ment in Young Adults (CARDIA) Study. Stroke. 2012;43:2858-64. [Crossref]
[PubMed] [PMC]

lkehara S, Iso H, Date C, et al; JACC Study Group. Association of sleep duration with
mortality from cardiovascular disease and other causes for Japanese men and women:
the JACC study. Sleep. 2009;32:295-301. [Crossref] [PubMed] [PMC]

Chen JC, Brunner RL, Ren H, et al. Sleep duration and risk of ischemic stroke in post-
menopausal women. Stroke. 2008;39:3185-92. [Crossref] [PubMed] [PMC]

Grandner MA, Buxton OM, Jackson N, et al. Extreme sleep durations and increased
C-reactive protein: effects of sex and ethnoracial group. Sleep. 2013;36:769-79E.
[Crossref] [PubMed] [PMC]

Patel SR, Zhu X, Storfer-Isser A, et al. Sleep duration and biomarkers of inflammation.
Sleep. 2009;32:200-4. [Crossref] [PubMed] [PMC]

Mazzotti DR, Haendel MA, McMurry JA, et al. Sleep and circadian informatics data
harmonization: a workshop report from the Sleep Research Society and Sleep Re-
search Network. Sleep. 2022;45(6):zsac002. [Crossref] [PubMed] [PMC]


https://link.springer.com/article/10.1007/s40119-021-00231-9
https://pubmed.ncbi.nlm.nih.gov/34191267/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8555086/
https://www.aginganddisease.org/EN/10.14336/AD.2020.0707
https://pubmed.ncbi.nlm.nih.gov/33815883/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7990374/
https://search.trdizin.gov.tr/tr/yayin/detay/9025/epworth-uykululuk-olceginin-gecerligi-ve-guvenirligi
https://www.scirp.org/(S(vtj3fa45qm1ean45vvffcz55))/reference/ReferencesPapers.aspx?ReferenceID=732132
https://pubmed.ncbi.nlm.nih.gov/24765825/
https://www.frontiersin.org/articles/10.3389/fimmu.2018.01921/full
https://pubmed.ncbi.nlm.nih.gov/30254628/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6141664/
https://atm.amegroups.org/article/view/11312/12003
https://pubmed.ncbi.nlm.nih.gov/27668240/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5009017/
https://www.ahajournals.org/doi/10.1161/STROKEAHA.114.005181
https://pubmed.ncbi.nlm.nih.gov/24743442/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4102627/
https://www.sciencedirect.com/science/article/abs/pii/S1389945717316015?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1389945717316015?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/29880146/
https://www.ahajournals.org/doi/10.1161/STROKEAHA.120.029902
https://pubmed.ncbi.nlm.nih.gov/32895015/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7587241/
https://onlinelibrary.wiley.com/doi/10.1111/ene.14201
https://pubmed.ncbi.nlm.nih.gov/32314498/
https://www.sciencedirect.com/science/article/pii/S2451994416300141?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/31236498/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6575180/
https://www.nejm.org/doi/full/10.1056/NEJM200005113421901
https://pubmed.ncbi.nlm.nih.gov/10805822/
https://www.atsjournals.org/doi/10.1164/rccm.200911-1746OC
https://pubmed.ncbi.nlm.nih.gov/20339144/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2913239/
https://www.sciencedirect.com/science/article/abs/pii/S1556407X12001002?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1556407X12001002?via%3Dihub
https://journals.physiology.org/doi/full/10.1152/physrev.00043.2008
https://pubmed.ncbi.nlm.nih.gov/20086074/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3970937/
https://svn.bmj.com/content/1/4/185
https://pubmed.ncbi.nlm.nih.gov/28959482/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5435217/
https://www.sciencedirect.com/science/article/pii/S0735109717300098?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0735109717300098?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/28209226/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5393905/
https://www.frontiersin.org/articles/10.3389/fneur.2017.00668/full
https://pubmed.ncbi.nlm.nih.gov/29312113/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5732262/
https://n.neurology.org/content/84/11/1072
https://n.neurology.org/content/84/11/1072
https://pubmed.ncbi.nlm.nih.gov/25716357/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4371404/
https://www.sciencedirect.com/science/article/abs/pii/S1933171110001634?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/20940066/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0030972
https://pubmed.ncbi.nlm.nih.gov/22295122/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3266295/
https://www.sciencedirect.com/science/article/abs/pii/S138994571630329X?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/28366344/
https://academic.oup.com/sleep/article/29/8/1009/2708444
https://pubmed.ncbi.nlm.nih.gov/16944668/
https://www.frontiersin.org/articles/10.3389/fneur.2017.00392/full
https://pubmed.ncbi.nlm.nih.gov/28848490/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5550667/
https://www.sciencedirect.com/science/article/abs/pii/S1389945716301344?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/27810177/
https://www.sciencedirect.com/science/article/abs/pii/S0002914912023247?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/23218998/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3563866/
https://doi.org/10.15386/cjmed-328
https://pubmed.ncbi.nlm.nih.gov/26528031/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4620674/
https://pubmed.ncbi.nlm.nih.gov/30643347/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6312177/
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.106.628875
https://pubmed.ncbi.nlm.nih.gov/17242284/
https://www.sciencedirect.com/science/article/abs/pii/S0021915007000329?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/17289054/
https://www.ahajournals.org/doi/10.1161/STROKEAHA.112.660332
https://pubmed.ncbi.nlm.nih.gov/22935396/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3479367/
https://academic.oup.com/sleep/article/32/3/295/3741692
https://pubmed.ncbi.nlm.nih.gov/19294949/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2647783/
https://www.ahajournals.org/doi/10.1161/STROKEAHA.108.521773
https://pubmed.ncbi.nlm.nih.gov/18635832/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2587518/
https://academic.oup.com/sleep/article/36/5/769/2559070
https://pubmed.ncbi.nlm.nih.gov/23633760/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3624831/
https://academic.oup.com/sleep/article/32/2/200/3741730
https://pubmed.ncbi.nlm.nih.gov/19238807/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2635584/
https://academic.oup.com/sleep/article/45/6/zsac002/6507734
https://pubmed.ncbi.nlm.nih.gov/35030631/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9189941/

