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Abstract: Sleep disorders, such as sleep-disordered breathing (SDB), insomnia or restless legs syndrome
(RLS), are common in the general population and after stroke. In some cases, sleep disturbances are pre-
existing, but can also appear de movo as a direct consequence of brain damage or due to stroke-related
complications. Furthermore, some sleep conditions may act as a risk factor of stroke. This review explores
the available evidence of the two-way relationship between sleep and stroke. Cardiovascular physiological
changes during sleep are described, as well as the evidence on the relationship between stroke and sleep
duration, SDB, RLS, insomnia, excessive daytime sleepiness (EDS), and circadian rhythm alterations.
Potential changes on sleep architecture, and the links that may exist between sleep and functional outcomes
after stroke are also discussed. Importantly, sleep-related disturbances may be associated with worse stroke
recovery outcomes and increased cerebrovascular morbidity. It is therefore relevant that the bidirectional
association between stroke and sleep is taken into consideration by clinicians taking care of these patients.
Future research may focus on this mutual relationship for a better understanding of the impact of stroke
on sleep, the importance of sleep in stroke incidence and recovery, and have further evidence on treatment

strategies that may improve functional outcome after stroke.
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Introduction disordered breathing (SDB), excessive daytime sleepiness

(EDS) and circadian anomalies, are frequently reported and

The r<.ala.t1ons'h1p between sle.ep an.d stroke is complex diagnosed in patients having suffered a stroke. These sleep-
and bidirectional (1). Physiological changes of the related complaints, either as de movo presentation or because

cardiovascular system associated to sleep, and also due to of their exacerbation after a stroke, may have an impact on

circadian variations, may play a key role on the aetiology the functional recovery of patients (2).

and onset of stroke. Certain sleep disturbances may increase Importantly, stroke is a major cause of morbidity and
)

the risk for cerebrovascular events; obstructive sleep apnoea
(OSA) and sleep duration have been considered as potential,
often modifiable, stroke risk factors. Conversely, many sleep
disorders, such as restless legs syndrome (RLS), periodic
limb movements during sleep (PLMS), insomnia, sleep-
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disability, and is the second most common cause of death
worldwide (3). Sleep disturbances are prevalent in the
general population, and can affect performance, quality of
life and associate a significant economic burden (4,5). It is
therefore worthwhile to consider potential links between
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these prevalent conditions.

We aim to review some of the most relevant aspects of
the intricate relationship between sleep and stroke. We
discuss circadian and sleep-wake cardiovascular changes that
may act as facilitating pathophysiological factors for stroke,
the current evidence on certain sleep disorders as potential
stroke risk factors, and the most commonly reported sleep
issues following stroke. Additionally, we summarise post-
stroke sleep architecture changes, and the potential impact
that sleep disturbances may have on functional recovery
following a cerebrovascular event.

We present the following article in accordance with the
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/jtd-cus-2020-002).

Methods

The authors included the following main topics in this
narrative review: cardiovascular sleep-wake changes and
stroke; stroke and SDB; sleep duration and risk of stroke;
RLS, PLMS and stroke; post-stroke insomnia; post-stroke
EDS and risk of stroke in sleepy patients; circadian rhythm
disturbances, shift work and stroke; sleep architecture
changes after stroke; and sleep and functional outcome from
stroke.

A literature search was done between March and April
2020. Search strategies used included a combination of
free text and specific terms related to stroke and the sleep
disorders or disturbances outlined above. Published studies
were identified from the National Library of Medicine,
PubMed database. Abstracts or full papers in English
language pertinent to the topics included were reviewed.

Cardiovascular sleep-wake changes and stroke

The incidence of stroke during sleep and its circadian
variations have been widely studied. Initial studies reported
that cerebral infarction occurred more often at night than
during the daytime and that symptoms are usually noticed
on waking (6). However, nowadays, it is known that several
types of cardiovascular events, including stroke, acute
myocardial infarction and sudden cardiac death, display
significant circadian variation in symptoms onset (7-9). A
meta-analysis (10) identified a 49% excess risk for ischaemic
stroke between 6 am and noon compared with the
number expected if there was no circadian predominance.
Furthermore, in studies that analysed especifically whether
strokes occurred during sleep, they described a decrease of
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stroke frequency in the night sleep hours (11), therefore,
proposing the idea of a protective effect associated with
night sleep or an activator effect in awakening. Overall,
about 25% of strokes occur during sleep (12,13), and a large
proportion of them take place in the last part (14), when
rapid-eye-movement (REM) sleep is more prominent.
Changes during REM sleep stage may trigger mechanisms
for thrombotic events, and may present clinically only after
arousal (15).

Although the exact mechanisms are still not clear, there
are several physiologic variations occurring during sleep and
arousal that may predispose to a cerebrovascular event (16).
These are discussed below.

Autonomic nervous system

Non-REM (NREM) sleep, is a period of relative autonomic
stability, incorporating sympathetic inhibition, increased
vagal tone with bradycardia (15,17) and enhanced
respiratory sinus arrhythmia. Alternatively, REM sleep
is predominantly a parasympathetic state (16), however,
with phasic sudden bursts of sympathetic nervous system
(SNS) activity (15,18), leading to complex fluctuations in
autonomic function, with evidence of vagal discharges to
the sinoatrial node, as well as abrupt sympathetic bursts.
Additionally, as a result of rapid parasympathetic withdrawal
and SNS activation (18,19), arousals are accompanied by
substantial increases in blood pressure (BP), heart rate and
transient hyperpnoea.

Renin-angiotensin-aldosterone system (RAAS) and
catecholamines

There is a circadian variation in catecholamine metabolism (20),
with maximal increase between 6 and 9 am, and lowest
levels at midnight, confirming the activation of SNS.
Similarly, also as a result of activation of the SNS, the RAAS
is activated in the early morning before awaking (21), with
increased production of renin and angiotensin II (22). In
addition to vasoconstriction, angiotensin II brings vascular
inflammation and increased risk of thrombosis (23).

Blood pressure

The Framingham study (24) showed that hypertension is the
most powerful risk factor in the aetiology of stroke. Several
studies have described a circadian variation in BP (25),
as this reaches its highest in the mid-morning and then
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progressively falls throughout the day, with its lowest at
3 am. There is emerging evidence that the absence of the
expected nocturnal BP decline, as seen in “non-dippers”
(such as patients with OSA), as well as an excessive BP
decline during sleep (“extreme dipping”), may both have
important cardiovascular implications (10). Furthermore,
the activation of the SNS and RAAS just before arousal
produces an early morning BP surge.

Platelet aggregability

Tofler et al. (26) found that the increase in platelet
aggregability depended on the time of the subjects
arousal, showing a peak at 6-9 am in those who woke
up and started their daily activities, but not in those who
remained at bedrest. This suggests that the increased
morning aggregability is a response to some component
of the process of awakening and, most probably, with the
assumption of an upright posture (27).

Fibrinolytic factors

Under normal conditions, tissue-type plasminogen
activator and its fast-acting inhibitor represent a potential
fibrinolytic capacity (28), and their circadian variation is not
associated with changes in effective fibrinolysis. However,
in thrombotic states, the physiological drop of fibrinolytic
activity in the morning hours may render incompetent
to counterbalance the high level of fibrin generation and
favour thrombus development.

Blood viscosity

Another factor that may contribute to the occurrence of
stroke is increased blood viscosity. This reaches a maximum
in the morning between 8 am and 12 pm and a minimum at
3 am (29).

Taken together, all these changes with a circadian
predominance, happening during sleep or upon arousal,
may play a role in the occurrence of a cerebrovascular event.

Stroke and SDB

The prevalence of OSA associated with daytime sleepiness
is approximately 3% to 7% for adult men and 2% to
5% for adult women in the general population (30). In a
population-based study, the overall prevalence of central
sleep apnoea (CSA) on polysomnography was 0.9% (31),
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and approximately half of the CSA cases were associated
with Cheyne-Stokes respiration.

In a meta-analysis of SDB after ischaemic or
haemorrhagic stroke and transient ischaemic attack
(TTIA) (32), 72% of patients had an apnoea-hypopnoea
index (AHI) of at least 5 events/hour (ev/hr) but only 7% of
patients had primarily central apnoeas.

The different forms of SDB have a mutual relationship
with stroke, as they may both act as risk factor and arise as a
consequence of cerebrovascular events (Table 1).

OSA as a rvisk factor of stroke

OSA is known to be an independent risk factor for stroke (33).
The Sleep Heart Health Study (34), a prospective study
spanning 7 years, discovered a direct relationship between
OSA severity and risk of stroke. It found that men with
moderate to severe OSA had a 3-fold risk of suffering a
stroke, and that the risk of stroke rose by 6% for every unit
on the AHI between 5 and 25 ev/hr. Among women, such
increases in risk of stroke were observed only in those with
an AHI at 25 ev/hr or higher. A meta-analysis (35) revealed
that moderate to severe OSA significantly increased
cardiovascular risk, in particular, the risk of stroke (relative
risk, 2.02; 95% CI, 1.4-2.9).

From a pathophysiological perspective, the mechanisms
underlying this increased risk of stroke are multifactorial (36).
In patients with OSA, there seems to be a decreased
cerebral blood flow during awake state compared with
non-OSA individuals, and greater reductions in regional
cerebral blood flow during NREM sleep (37). During
apnoeas, there is a proven marked increase in intracranial
pressure (38) and a secondary decrease in cerebral perfusion
pressure. Additionally, abnormalities of cerebral vascular
response to hypercapnia have been found in patients with
OSA during wakefulness (39), which can impair the ability
of cerebral vessels to adapt to rapid systemic pressure
changes and to the metabolic needs of the brain. This
abnormality in cerebral auto regulation may be corrected
with the treatment of sleep apnoea with continuous
positive airway pressure (CPAP) (40). As well as these
changes in cerebral vascular responses, there is evidence
that platelet aggregation is significantly enhanced in
patients with severe OSA during the night compared with
healthy individuals (41), and that the abnormality may
be reversed with treatment of sleep apnoea with CPAP.
The increased platelet aggregability is related to rising
plasma norepinephrine and epinephrine levels (26) caused
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Table 1 Sleep-related disturbances and their associations with stroke

$179

Stroke and SDB

OSA is an independent risk factor of stroke

CPAP therapy in stroke patients with OSA may improve functional outcomes

SDB (OSA/CSA) may arise as a consequence of stroke

The presence of OSA in stroke patients is associated with worse functional outcome, early death and recurrent stroke

Sleep duration and risk of stroke

Both short and long sleep times have been proposed as potential risk factors for stroke

Cardiovascular, metabolic and inflammatory changes have been suggested as underlying mechanisms that associate sleep duration alter-

ations and stroke

RLS, PLMS and stroke

RLS and PLMS may arise following cerebrovascular events involving strategic areas in the CNS

PLMS may be associated with an increased risk of stroke, whereas the evidence for this in patients with RLS is limited

Post-stroke insomnia

Insomnia is prevalent in stroke patients and is probably multifactorial

The effect of insomnia on the risk of stroke is uncertain

The presence of insomnia is related to greater disability following stroke

Post-stroke EDS and risk of stroke in sleepy patients

Investigating EDS in stroke patients is challenging due to heterogeneous definitions of sleepiness

Available evidence has focused in EDS associated to stroke involving strategic areas in the CNS

EDS has been proposed as a risk factor of stroke, however, there are several limitations related to EDS assessment and presence of con-

founding factors

Hypersomnia is associated with higher rates of disability after stroke

Circadian rhythm disturbances, shift work and stroke

Changes in levels of melatonin have been reported in the acute phase of stroke in some patients

Shift work might contribute to the risk of stroke

Sleep architecture changes and functional outcome after stroke

Alterations in sleep architecture, such as a reduction in total sleep time and sleep efficiency, have been reported in the acute phase of

stroke

High sleep efficiency and low amount of wakefulness after sleep onset in acute stroke have been related to good long-term outcomes

Changes in REM sleep latency may play a role in stroke recovery, although data are contradictory

SDB, sleep-disordered breathing; OSA, obstructive sleep apnoea; CPAP, continuous positive airway pressure; CSA, central sleep apnoea;
RLS, restless legs syndrome; PLMS, periodic limb movements during sleep; CNS, central nervous system; EDS, excessive daytime

sleepiness; REM, rapid-eye-movement.

by activation of SNS due to both apnoeas and arousals
during sleep. The high levels of sympathetic activity during
apnoeas, also leads to surges in BP (42) (further enhanced
by arousals and sleep fragmentation) responsible for the
characteristic “non-dipping” pressure pattern observed in
most patients with OSA (43). Along with direct increases in
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oxidative stress, the effects of the OSA-related sympathetic
activity likely contribute to sustained daytime hypertension
and the occurrence of cardiovascular events. Lastly, plasma
fibrinogen levels (believed to be associated with increased
risk of stroke), have been shown to be elevated in patients

with OSA and stroke (44), and to correlate with OSA
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severity.

OSA can also increase the risk of stroke through effects
on traditional stroke risk factors, especially hypertension.
In the Wisconsin Sleep Cohort Study, a dose-response
association was noted between the AHI at baseline and the
development of hypertension, with a 3-fold probability of
having hypertension at a 4-year follow-up in participants
with moderate OSA (45).

Patients with OSA have an increased prevalence of
systemic hypertension, heart disease, impaired vascular
endothelial function, accelerated atherogenesis, diabetes,
atrial fibrillation, prothrombotic coagulation shifts and
proinflammatory state (46). In patients with atrial fibrillation,
OSA has been independently associated with recurrent
atrial fibrillation after cardioversion or ablation (47).
Patent foramen ovale (PFO) has also been suggested as a
possible mechanism for increased stroke risk since patients
with OSA are about twice as likely as controls to have
evidence of a PFO (48). Additionally, nocturnal apnoeas
and pulmonary hypertension associated with OSA could
increase right-to-left shunting (49), thereby increasing the
risk of paradoxical embolism and stroke in patients with a

PFO.

OSA following stroke

The estimated prevalence of OSA after stroke or TIA is
over 70% (32). This may be due to several factors: brain
damage per se can impair breathing control, similar risk
factors are associated with stroke and SDB, there are
stroke-related upper airway tone changes, and some of the
patients with OSA detected after stroke may have had pre-
existent undiagnosed OSA. To date, there is no conclusive
link between the prevalence or severity of OSA and stroke
subtype, topography, size or severity (50). SDB improves
from the acute to the subacute phase of stroke, but about
50% of patients still exhibit an AHI 10 ev/hr 3 months
after the event (51). Central events appear to improve
more than obstructive events. Restitution of neurological
deficits, improvement of lung function (e.g., recovery
from pneumonia), and disappearance of acute cardiac
complications like heart failure, as well as a decrease in time
spent in supine bed position, may play a role in the SDB
improvement.

Treatment of OSA in stroke patients

The gold standard treatment for OSA is CPAP (52). Other
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modes of positive airway pressure administration include
bilevel positive airway pressure (BiPAP), and autotitrating
positive airway pressure. Although CPAP therapy has been
demonstrated to successfully treat OSA, adherence to CPAP
therapy is a significant issue. Compliance has ranged from
40% to 84% in the general population, but it was as low as
15% in the long term in stroke survivors (53).

In a prospective cohort study of patients with ischaemic
stroke who underwent a sleep study, CPAP was offered to
58% of patients with an AHI of at least 20 ev/hr (54). After
a period of 7 years, patients who could not tolerate CPAP
had a nearly 3-fold increased risk of nonfatal cardiovascular
events, particularly recurrent stroke, compared with those
who were adherent to CPAP, those without OSA, or those
with mild disease combined. The number needed to treat
to prevent one nonfatal vascular event with CPAP was 4.9
patients (95% CI: 2-19).

Therefore, there seems to be a relationship between
CPAP use and stroke outcome, but the poor tolerance
and adherence that stroke patients present to treatment
with CPAP renders challenging to analyse the full benefits
on stroke recovery. In an effort to improve tolerance,
some interventions have been suggested to optimise and
encourage CPAP use (55), such as closer monitoring,
education and continual CPAP adjustments. Alternatively,
BiPAP has been used in OSA patients who do not tolerate
CPAP, since BiPAP has been shown to be well tolerated in
>90% of acute ischaemic stroke survivors with OSA (56).

Diet and physical exercise, to reduce obesity, may
improve SDB in non-stroke populations (57); however,
weight loss may be difficult to achieve and maintain due to
functional consequences following stroke. There is limited
evidence of other therapeutic options for OSA such as
positional therapy, mandibular advancement devices or
surgical interventions in stroke patients (50).

CSA and stroke

CSA episodes may be associated with increased risk of
adverse cardiovascular outcomes since evidence from
animal models have shown an increment of adrenergic
hyperexcitation independent of arousals (58), as well as
desaturation and hypoxia. Furthermore, a relationship
between CSA and decreased ventricular function has been
described in various studies (59), and it may serve as a
marker of underlying cardiac vulnerability, predisposing to
increased cardiac arrhythmias (60). CSA may also emerge
as a consequence of stroke, and it has been observed in
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patients with vascular injury to the respiratory centers in
the medulla, infratentorial lesions, and bilateral hemispheric
lesions (50).

CSA tends to improve after acute stroke (32). In a study
of 161 patients with first-ever stroke or TTA who underwent
sleep studies in the acute phase and again after 3 months,
the rate of SDB decreased with a significant reduction in
central but not obstructive apnoeas, suggesting that CSA
following acute stroke is often self-limited (51).

The effects of CSA on stroke outcome and the role of
early therapy for CSA after stroke are unclear, since it has
been far less studied than OSA in stroke populations. Studies
that described higher risk of death in stroke patients with
OSA did not show the same trend in patients with CSA (61).

In regards to treatment, despite the prevalence of CSA,
no study has attempted to treat CSA directly in stroke
patients. CPAP is the preferred first-line therapy for
symptomatic patients with CSA, but this recommendation
is based on studies that focused on CSA in patients with
heart failure (62). Other treatments such as adaptive servo-
ventilation (63), BiPAP (64), acetazolamide (65) and phrenic
nerve stimulation (66) have been tried in patients with CSA
and heart failure, but to date, there is not enough evidence
to recommend their use in stroke patients.

Sleep duration and risk of stroke

The relationship between long or short sleep duration
and the risk of stroke has been widely investigated. Short
sleep duration or sleep deprivation may increase the
stroke risk due to its effects on the cardiovascular system
and metabolism, leading to higher sympathetic activity,
increased cortisol secretion and inflammation (67,68). The
mechanisms that relate long sleep with a higher risk of
stroke are not fully understood (69). A pro-inflammatory
state (70), and higher risk to develop other cardiovascular
risk factors (71-73) have been proposed as mechanisms that
may underlie this association (1able 1).

In the study by Eguchi and colleagues (74), short sleep
time (<7.5 h) was found to be an independent risk factor
of stroke in hypertensive patients, when compared to
those sleeping more than 7.5 h. The Postdam Study (75),
demonstrated an increased risk of stroke in two subgroups,
those sleeping less than 6 h and more than 9 h. A
prospective study looking at fatal and non-fatal incident
stroke at 9.5 years of follow-up (69), showed that 346 (out
of 9,692 participants included) had at least one incident
stroke. Long sleep (defined as >8 h) was associated with a
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46% increase in risk of stroke after adjustment for other
cardiovascular risk factors and comorbidities; there was
a stronger association among women, and participants
reporting substantially increased sleep duration over time
had a higher stroke risk compared to those consistently
reporting average sleep time. This work also reported the
results from a meta-analysis on the association between
stroke incidence and sleep duration, including 12 studies,
which showed a pooled hazard ratio (HR) at 1.45 (1.30-
1.62) for long sleep duration, and more modest effect
of short sleep duration with a HR at 1.15 (1.07-1.24).
Similarly, a recent review and meta-analysis evaluating the
links between long sleep duration and health outcomes,
showed that long sleep (>8 h) was significantly associated
with incident stroke (RR =1.46; 95% CI, 1.26-1.69) (76).
Additionally, a dose-response meta-analysis of prospective
cohort studies (77), demonstrated that long sleepers had a
higher predicted risk of stroke than short sleepers, and that
the risk increased in 13% for every 1-hour increment above
the reference of 7 h of sleep. A dose-response effect was
also demonstrated on a recent systematic review and meta-
analysis studying the relationship of sleep duration with
risk of all-cause mortality and vascular risk factors such as
stroke (78). This found a pooled RR for stroke at 1.05 (95%
CI, 1.01-1.09) per 1-hour reduction and at 1.18 (95% CI,
1.14-1.21) per 1-hour increment in sleep duration.

The evidence on the association between short or long
sleep duration and a specific type of stroke is contradictory.
The Singapore Chinese Health study showed that both long
and short sleep in hypertensive patients had a higher risk
of ischaemic or unspecified, but not haemorrhagic, stroke
mortality (79). However, the study by Leng et 4/. (69), found
an association between short sleep and risk of ischaemic
stroke, and long sleep and haemorrhagic stroke.

Studies including larger number of participants with
each stroke subtype would be required to investigate further
this matter and assess the pathophysiological causes of these
possible associations.

RLS, PLMS and stroke

The prevalence of RLS in stroke patients has been
estimated to be at around 2-12% (80-84). Importantly,
the presence of post-stroke RLS seems to lead to worse
reported quality of life, independently from functional
situation and depression (85).

The location of the stroke may contribute to the
development of RLS or PLMS. Areas such as the
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brainstem, thalamus, basal ganglia, and corona radiata, have
all been reported as probably involved in post-stroke RLS/
PLMS, and may influence in the laterality of these (83,86).
Subcortical stroke location has been associated with an
increased risk of acute-onset RLS (80), and an involvement
of the basal ganglia has been proposed in the occurrence of
bilateral post-stroke RLS (86) (Tuble 1).

Unilateral or asymmetrical pre-stroke RLS was a
predictor factor for stroke in the study by Gupta ez 4/,
whereas Shiina and colleagues found that pre-stroke RLS
patients had more often bilateral symptoms (81,84).

A cross-sectional study showed that RLS was more
frequent among patients with stroke or TIA than in
controls, and multivariate analysis found that this was
independent from other cerebrovascular risk factors (87).
However, its design does not allow to infer causality of this
association. Furthermore, the findings from systematic
reviews and meta-analyses do not demonstrate a higher
incidence of stroke (88), or increased risk of cerebrovascular
ischaemia when adjusting for confounding factors in
patients with RLS (89). Hence, it is considered that there is
insufficient evidence to suggest an increased risk of stroke
in RLS patients (1).

In regards to PLMS, there is some evidence that
these increase the cardiovascular risk due to repeated
sympathetic activations and consequent increases of heart
rate and BP (90). Although it has been pointed out the
significant heterogeneity on previous studies assessing
this relationship (91), a recent meta-analysis assessing the
presence of stroke in individuals with PLMS, found an
increased frequency of cerebrovascular events in patients
with PLMS us. controls (OR, 1.27; 95% CI, 1.04-1.54;
P=0.019) (92).

Post-stroke insomnia

The prevalence of insomnia as a disorder has been estimated
to be around 10% of the general population in several
European countries (93). When considering insomnia
symptoms (difficulties in initiation or maintenance of sleep,
early awakening, non-restorative sleep) with no further
criteria considered, about a third of the general population
have at least one of these (94).

Post-stroke insomnia is often multifactorial. New onset
insomnia following stroke may be partly related to the
disrupting environmental factors on a stroke unit, the
concomitant medical conditions and the fact that patients
are bedridden. Furthermore, insomnia may be particularly
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seen as a consequence of strokes affecting the dorsal/
tegmental brainstem, paramedian or lateral thalamus, or
subcortical areas. Some of these patients have an alternation
of insomnia (and sometimes agitation) at night, with
hypersomnia periods in the day (95).

A recent systematic review and meta-analysis on the
incidence and prevalence of insomnia after stroke found
a pooled prevalence of insomnia disorder or insomnia
symptoms at 38.2% (CI, 30.1-46.5; I’=98%; P<0.01),
generally with a female predominance (96). Those studies
including information about comorbidities reported higher
prevalence of depression or anxiety in participants with
insomnia (or insomnia symptoms), reflecting that these
conditions are probably bidirectionally related (96,97). Of
note, in a significant proportion of stroke patients, insomnia
may be a pre-existing condition (98). Importantly, the
possible comorbid presence of other prevalent sleep-related
disorders such as SDB or RLS should be considered when
there are insomnia complaints in stroke patients.

Awvailability of systematic data on stroke outcomes after
insomnia treatment is lacking (1).

Although there is some evidence of insomnia as a risk
factor of cardiovascular events, including stroke (99-102),
further assessment of their relationship would warrant
prospective studies using objective measures (1) (Tible 1).

Post-stroke EDS and risk of stroke in sleepy
patients

There are numerous limitations in the assessment
of sleepiness in patients that have suffered a stroke.
Importantly, the definition of EDS is not the same as that
of hypersomnia (103), however, these two terms are often
used interchangeably. Also, both EDS and hypersomnia,
are different from other symptoms such as fatigue or apathy
that may also be described by stroke patients. Lastly, the
assessment of EDS may be done with subjective measures
such as the Epworth Sleepiness Scale (ESS) or objectively, i.e.,
with the use of a mean sleep latency test (MSLT), leading to
heterogeneous methodology and findings across studies.
Several factors may contribute to post-stroke EDS.
The location of stroke, comorbid presence of sleep-related
disturbances such as SDB or depression, side effects from
certain medications, or a reduction on physical activity,
may all lead to sleepiness in the day in these patients (104).
Mostly, EDS in stroke survivors has been studied in relation
to SDB. A recent study assessing the presence of EDS
(defined as an ESS >10) in the acute phase post-stroke,
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found that 10.5% of patients suffered from this symptom,
with no correlation between the severity of EDS and that
of stroke. However, a significant association was found
between the values of the ESS and other factors such as
RLS, body mass index (BMI) and the presence of diabetes
mellitus (105).

A substantial amount of evidence on EDS or
hypersomnia after stroke relates to the presence of
these symptoms in patients with a cerebrovascular insult
involving strategic areas, responsible for sleep-regulation
and maintaining wakefulness, in the central nervous system.
Bilateral paramedian thalamic stroke, as well as strokes
involving other diencephalic, subcortical and pontine
structures, have all been reported to lead to significant
EDS or hypersomnia (104,106,107). These symptoms are
prominent in the acute phase of stroke and seem to improve
over time (1006).

EDS has also been considered a potential risk factor for
stroke. The Three City Study (108) demonstrated that, in
the population studied (volunteers over 65 years old), the
incidence of stroke was higher in those reporting frequent
EDS at baseline point. The analysis included an adjustment
by other health factors such as depression, snoring or BMI.
The Northern Manhattan Study (109), estimated an increased
risk of ischaemic stroke in patients that reported severe
dozing in the day compared to those with no daytime dozing
(HR, 2.74; 95% CI, 1.38-5.43). Similarly, previous studies
have demonstrated higher incident cardiovascular disease
(including stroke) in sleepy patients (110), and independent
associations between higher ESS and stroke (111).
However, it should be taken into account that the
assessment of EDS is often subjective and that, frequently,
these studies are not controlled for relevant factors such as

sleep duration and shift work (Table 1).

Circadian rhythm disturbances, shift work and
stroke

The presence of circadian anomalies in stroke patients has
been the objective of numerous studies. There are several
studies demonstrating significantly reduced levels of serum
(112,113) or urine (114,115) melatonin in the acute phase
post-stroke vs. controls. Nevertheless, an assessment of
the possible influence of exposure to light during the day
on these findings was not included (116). Of note, when
compared ischaemic or haemorrhagic stroke survivor
patients with those not surviving the vascular event,
significantly higher levels of serum melatonin were observed
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in non-survivors subjects, and those predicted mortality
(117,118). The authors hypothesised that the increased
melatonin levels can be related to an attempt to compensate
a state of neuroinflammation and oxidation in such severe
clinical situations. Additionally, a study suggested changes
in self-reported circadian tendencies towards a more
advanced and delayed chronotypes following anterior and
posterior circulation strokes respectively (119). Whether
these circadian alterations persist chronically or are only
present in the acute phase after a stroke is yet unclear.

Circadian rhythm disturbances have also been proposed
to potentially increase the risk of cardiovascular events.
Evidence is scarce for the specific risk of stroke (vs.
overall cardiovascular risk) among shift workers. Vyas and
colleagues reported an attributable risk to shift work of 1.6%
for ischaemic stroke (120); whereas another study showed a
moderate increase in the risk of stroke, especially in women
working prolonged periods of rotating night shifts (121).
Additionally, working long hours (defined as over 40 h per
week) was related with an increased risk of incident stroke
with a dose response association (122) (Table 1).

Sleep architecture changes after stroke

Alterations in sleep architecture, such as a reduction in total
sleep time and sleep efficiency, have been reported in the
acute phase of stroke (123-125) (Table 1).

A recent study assessing the sleep-EEG changes within
9 days following an ischaemic supra or infratentorial stroke,
showed a significant reduction in REM sleep (126), and
reported that a prolonged latency to REM sleep was an
independent predictor factor of poor functional outcome
(modified Rankin Scale >2) (126). Of note, some of the
patients included were taking antidepressants, and this was
not taken into account when analysing effects in REM sleep
stage. The opposite, a shorter REM latency predicting poor
outcome, was found in another study (124) (Table 1).

Specific alterations may be more frequently seen in
certain stroke locations. Sleep spindles seem particularly
reduced in paramedian thalamic strokes (95,106), with an
improvement in their number in the post-acute phase (106).
However, a study excluding thalamic involvement,
also demonstrated reduced sleep spindle frequency in
stroke patients that improved over time in a follow-up
polysomnographic recording >60 days post-stroke (125).

Loss of REM atonia leading to REM sleep behaviour
disorder (RBD) (127,128), as well as both cataplexy and
RBD (129), have been reported as a consequence of pontine
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strokes.

Sleep and functional outcome from stroke

Sleep disorders may have detrimental effects during the
acute phase of stroke, secondary to arousals and disturbed
sleep-wake regulation causing fragmented sleep, elevated
sympathetic activation, oxidative stress, inflammatory
changes and evolution of the penumbra (130). Sleep-
related disturbances after stroke may also have a deleterious
effect during the subacute and chronic phases affecting
neuroplasticity processes (131). Of note, sleep actively
participates in the process of memory development and
brain plasticity (132). Whereas total sleep time and sleep
efficiency are lower in patients with poor short-term
outcome after stroke (123), high sleep efficiency and low
amount of wakefulness after sleep onset in the acute phase of
stroke have been related to good long-term outcomes (133)
(Table 1). After stroke, changes of sleep spindles in the
acute phase have a positive correlation between ipsilesional
spindle peak size and functional outcome after 12 months,
whereas a slow wave activity increment is a predictor
of poorer functional stroke outcome (125,133,134). As
mentioned on the previous section, there are contradictory
findings regarding changes in REM sleep latency and
outcomes following stroke (124,126).

The presence of SDB in stroke patients provides a worse
prognosis by predisposing to recurrent stroke, increasing
the risk of short- and long-term mortality and worsening
functional recovery (135). According to several studies in
patients undergoing stroke rehabilitation, the presence of
moderately severe OSA was associated with a significant
increase in the risk of early neurologic worsening, worse
functional outcome, early death and longer rehabilitation
stay (61). These findings were independent of age, vascular
risk factors, and other comorbidities. Moreover, possibly
by contributing to cerebral small vessel disease (136),
intermittent nocturnal hypoxia may increase the risk of
vascular cognitive impairment including reduced attentional
and executive functions, decreased learning and memory
abilities and daytime sleepiness (137). These factors may
adversely affect performance during rehabilitation training
and, by extension, neural plasticity.

An association between insomnia and greater disability
following stroke has been demonstrated (98,138), and both
insufficient sleep and insomnia may lead to worse outcomes
after stroke (98). In experimental stroke models (139),
sleep deprivation was found to augment brain injury and
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impair neuroplasticity, whereas drugs that promote NREM
and REM sleep had a favorable effect on neuroplasticity
and stroke recovery. Large-scale studies on the impact
of insomnia on stroke outcomes in humans are lacking.
However, insomnia patients show worse stroke recovery
measured by functional independence scores, scores
assessing activities of daily living, and health-related quality
of life. Insomnia is frequently associated with poor life
satisfaction and depression, conditions that may interfere
with rehabilitation. Furthermore, stroke survivors with
chronic insomnia seem to have lower probability to return to
paid work by 12 months after the cardiovascular event (138).

RLS may also have an impact on stroke recovery (140). A
study showed that stroke recovery evaluated by the modified
Rankin Scale and Barthel Index was worse in RLS than
non-RLS patients after adjustment for diabetes and BMI,
but due to the limited size of this study, other risk factors
could not be adjusted for. Patients with RLS presented
daytime sleepiness and poor-quality sleep, potentially
affecting their rehabilitation performance. Further studies
to better understand the interplay between RLS and stroke
are needed.

Hypersomnia or sleepiness following a stroke may affect
functional recovery (141). In a cohort of stroke patients
admitted to an acute rehabilitation unit, hypersomnia was
associated with higher rates of nursing home discharges
and higher disability at discharge, even after controlling for
stroke severity at admission, age, stroke type, and time since
stroke (Table I). In a nationwide register, the presence of
fatigue 2 years post-stroke was associated with nursing home
referral and predicted mortality in the following year (142).
This study did not adjust for medical conditions such as
infections or cardiovascular diseases.

Sleep promotion should be part of stroke recovery
treatment and stroke units environment should be
optimised to help patients maintain adequate sleep-wake
patterns. Early recognition and treatment of concomitant
sleep disorders is relevant and may have an impact in the
recovery process from stroke.

Summary

There is a mutual and intricate relationship between stroke
and sleep (Table 1). Sleep disturbances, such as insomnia,
RLS or daytime sleepiness, are frequently reported after
having suffered a stroke. Also, sleep-related breathing
disorders are commonly diagnosed in stroke patients. OSA
and inadequate sleep duration seem to increase the risk of
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stroke. Overall, the best quality of evidence is that assessing
the links between OSA and stroke. However, there are
limited data providing stronger evidence on other sleep
conditions, such as RLS/PLMS and insomnia, acting as risk
factors for cerebrovascular events.

The numerous links between sleep disturbances
and stroke raises the importance of establishing more
collaborations among clinicians of these disciplines, with
the aim of improving prevention and outcomes of those
prevalent disorders. Future research with prospective
studies involving patients with sleep disorders and those
having suffered a stroke seems warranted to further
evaluate their potentially relevant associations, and to study
treatment options which may improve functional outcomes
after stroke.

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned
by the Guest Editor (Joerg Steier) for the series “5™ Clinical
Update Sleep” published in Fournal of Thoracic Disease. The
article was sent for external peer review organized by the
Guest Editor and the editorial office.

Reporting Checklist: The authors have completed the
Narrative Review reporting checklist. Available at http://
dx.doi.org/10.21037/jtd-cus-2020-002

Conflicts of Interest: Both authors have completed the
ICMJE uniform disclosure form (available at http://dx.doi.
org/10.21037/jtd-cus-2020-002). The series “5™ Clinical
Update Sleep” was commissioned by the editorial office
without any funding or sponsorship. The authors have no
conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-

© Journal of Thoracic Disease. All rights reserved.

$185

commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. 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.

2. 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.

3. Feigin VL, Forouzanfar MH, Krishnamurthi R, et al.
Global and regional burden of stroke during 1990-2010:
findings from the Global Burden of Disease Study 2010.
Lancet 2014;383:245-54.

4. McArdle N, Ward SV, Bucks RS, et al. The prevalence
of common sleep disorders in young adults: a descriptive
population-based study. Sleep 2020. [Epub ahead of print].

5. Hillman D, Mitchell S, Streatfeild J, et al. The economic
cost of inadequate sleep. Sleep 2018. doi:10.1093/sleep/
zsy083.

6. Marshall J. Diurnal variation in occurrence of strokes.
Stroke 1977;8:230-1.

7. Argentino C, Toni D, Rasura M, et al. Circadian variation
in the frequency of ischemic stroke. Stroke 1990;21:387-9.

8. Marler JR, Price TR, Clark GL, et al. Morning increase in
onset of ischemic stroke. Stroke 1989;20:473-6.

9. Wroe SJ, Sandercock P, Bamford J, et al. Diurnal variation
in incidence of stroke: Oxfordshire community stroke
project. BM]J 1992;304:155-7.

10. Elliott WJ. Circadian variation in the timing of stroke
onset: a meta-analysis. Stroke 1998;29:992-6.

11. van der Windt C, van Gijn ]J. Cerebral infarction does not
occur typically at night. ] Neurol Neurosurg Psychiatry
1988;51:109-11.

12. Fink JN, Kumar S, Horkan C, et al. The stroke patient
who woke up: clinical and radiological features, including
diffusion and perfusion MRI. Stroke 2002;33:988-93.

13. Lago A, Geffner D, Tembl J, et al. Circadian variation
in acute ischemic stroke: a hospital-based study. Stroke
1998;29:1873-5.

14. Huisa BN, Liebeskind DS, Raman R, el al; University of
California, Los Angeles Stroke Investigators. Diffusion-

7 Thorac Dis 2020;12(Suppl 2):S176-S190 | http://dx.doi.org/10.21037/jtd-cus-2020-002


http://dx.doi.org/10.21037/jtd-cus-2020-002
http://dx.doi.org/10.21037/jtd-cus-2020-002
http://dx.doi.org/10.21037/jtd-cus-2020-002
http://dx.doi.org/10.21037/jtd-cus-2020-002
https://creativecommons.org/licenses/by-nc-nd/4.0/

S$186

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

© Journal of Thoracic Disease. All rights reserved.

weighted imaging-fluid attenuated inversion recovery
mismatch in nocturnal stroke patients with unknown time
of onset. ] Stroke Cerebrovasc Dis 2013;22:972-7.
Somers VK, Dyken ME, Mark AL, et al. Sympathetic-
nerve activity during sleep in normal subjects. N Engl J
Med 1993;328:303-7.

Murali NS, Svatikova A, Somers VK. Cardiovascular
physiology and sleep. Front Biosci 2003;8:5636-52.
Mancia G. Autonomic modulation of the cardiovascular
system during sleep. N Engl ] Med 1993;328:347-9.
Okada H, Iwase S, Mano T, et al. Changes in muscle
sympathetic nerve activity during sleep in humans.
Neurology 1991;41:1961-6.

Catcheside PG, Chiong SC, Orr RS, et al. Acute
cardiovascular responses to arousal from non-REM sleep
during normoxia and hypoxia. Sleep 2001;24:895-902.
Turton MB, Deegan T. Circadian variations of plasma
catecholamine, cortisol and immunoreactive insulin
concentrations in supine subjects. Clin Chim Acta
1974;55:389-97.

Giles T. Relevance of blood pressure variation in the
circadian onset of cardiovascular events. ] Hypertens Suppl
2005;23:S35-9.

Portaluppi F, Bagni B, degli Uberti E, et al. Circadian
rhythms of atrial natriuretic peptide, renin, aldosterone,
cortisol, blood pressure and heart rate in normal and
hypertensive subjects. ] Hypertens 1990;8:85-95.

Strawn WB, Ferrario CM. Mechanisms linking angiotensin
IT and atherogenesis. Curr Opin Lipidol 2002;13:505-12.
Kannel WB, Dawber TR, Sorlie P, et al. Components

of blood pressure and risk of atherothrombotic brain
infarction: the Framingham study. Stroke 1976;7:327-31.
Millar-Craig MW, Bishop CN, Raftery EB. Circadian
variation of blood-pressure. Lancet 1978;1:795-7.

Tofler GH, Brezinski D, Schafer Al et al. Concurrent
morning increase in platelet aggregability and the risk of
myocardial infarction and sudden cardiac death. N Engl J
Med 1987;316:1514-8.

Brezinski DA, Tofler GH, Muller JE, et al. Morning
increase in platelet aggregability. Association with
assumption of the upright posture. Circulation
1988;78:35-40.

Andreotti F, Kluft C. Circadian variation of fibrinolytic
activity in blood. Chronobiol Int 1991;8:336-51.

Ehrly AM, Jung G. Circadian rhythm of human blood
viscosity. Biorheology 1973;10:577-83.

Punjabi NM. The epidemiology of adult obstructive sleep
apnea. Proc Am Thorac Soc 2008;5:136-43.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

Pérez-Carbonell and Bashir. Narrative review of sleep and stroke

Donovan LM, Kapur VK. Prevalence and characteristics
of central compared to obstructive sleep apnea: analyses
from the Sleep Heart Health Study Cohort. Sleep
2016;39:1353-9.

Johnson KG, Johnson DC. Frequency of sleep apnea in
stroke and TTA patients: a meta-analysis. ] Clin Sleep Med
201056:131-7.

Peker Y, Hedner J, Norum J, et al. Increased incidence of
cardiovascular disease in middle-aged men with obstructive
sleep apnea: a 7-year follow-up. Am J Respir Crit Care
Med 2002;166:159-65.

Redline S, Yenokyan G, Gottlieb DJ, et al. Obstructive
sleep apnea-hypopnea and incident stroke: the sleep heart
health study. Am J Respir Crit Care Med 2010;182:269-77.
Dong JY, Zhang YH, Qin LQ. Obstructive sleep apnea
and cardiovascular risk: meta-analysis of prospective
cohort studies. Atherosclerosis 2013;229:489-95.
Mohsenin V. Sleep-related breathing disorders and risk of
stroke. Stroke 2001;32:1271-8.

Fischer AQ, Chaudhary BA, Taormina MA, et al.
Intracranial hemodynamics in sleep apnea. Chest
1992;102:1402-6.

Jennum P, Borgesen SE. Intracranial pressure and
obstructive sleep apnea. Chest 1989;95:279-83.

Balfors EM, Franklin KA. Impairment of cerebral
perfusion during obstructive sleep apneas. Am J Respir
Crit Care Med 1994;150:1587-91.

Reichmuth KJ, Dopp JM, Barczi SR, et al. Impaired
vascular regulation in patients with obstructive sleep apnea:
effects of continuous positive airway pressure treatment.
Am J Respir Crit Care Med 2009;180:1143-50.

Bokinsky G, Miller M, Ault K, et al. Spontaneous platelet
activation and aggregation during obstructive sleep apnea
and its response to therapy with nasal continuous positive
airway pressure. A preliminary investigation. Chest
1995;108:625-30.

Somers VK, Dyken ME, Clary MP, et al. Sympathetic
neural mechanisms in obstructive sleep apnea. J Clin
Invest 1995;96:1897-904.

Wolf J, Hering D, Narkiewicz K. Non-dipping pattern

of hypertension and obstructive sleep apnea syndrome.
Hypertens Res 2010;33:867-71.

. Wessendorf TE, Thilmann AF, Wang YM, et al.

Fibrinogen levels and obstructive sleep apnea in ischemic
stroke. Am J Respir Crit Care Med 2000;162:2039-42.
Peppard PE, Young T, Palta M, et al. Prospective study of
the association between sleep-disordered breathing and
hypertension. N Engl ] Med 2000;342:1378-84.

7 Thorac Dis 2020;12(Suppl 2):S176-S190 | http://dx.doi.org/10.21037/jtd-cus-2020-002



Journal of Thoracic Disease, Vol 12, Suppl 2 October 2020

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

© Journal of Thoracic Disease. All rights reserved.

Somers VK, White DP, Amin R, et al. Sleep apnea and
cardiovascular disease: an American Heart Association/
American College of Cardiology Foundation Scientific
Statement from the American Heart Association

Council for High Blood Pressure Research Professional
Education Committee, Council on Clinical Cardiology,
Stroke Council, and Council on Cardiovascular Nursing.
In collaboration with the National Heart, Lung, and
Blood Institute National Center on Sleep Disorders
Research (National Institutes of Health). Circulation
2008;118:1080-111.

Ng CY, Liu T, Shehata M, et al. Meta-analysis of
obstructive sleep apnea as predictor of atrial fibrillation
recurrence after catheter ablation. Am J Cardiol
2011;108:47-51.

Beelke M, Angeli S, Del Sette M, et al. Prevalence of
patent foramen ovale in subjects with obstructive sleep
apnea: a transcranial Doppler ultrasound study. Sleep Med
2003;4:219-23.

Mojadidi MK, Bokhoor PI, Gevorgyan R, et al. Sleep
apnea in patients with and without a right-to-left shunt. J
Clin Sleep Med 2015;11:1299-304.

Stevens D, Martins RT, Mukherjee S, et al. Post-stroke
sleep-disordered breathing-pathophysiology and therapy
options. Front Surg 2018;5:9.

Parra O, Arboix A, Bechich S, et al. Time course of
sleep-related breathing disorders in first-ever stroke or
transient ischemic attack. Am J Respir Crit Care Med
2000;161:375-80.

Patil SP, Ayappa IA, Caples SM, et al. Treatment of adult
obstructive sleep apnea with positive airway pressure: an
American Academy of Sleep Medicine Systematic Review,
Meta-Analysis, and GRADE Assessment. J Clin Sleep Med
2019;15:301-34.

Bravata DM, Concato J, Fried T, et al. Continuous positive
airway pressure: evaluation of a novel therapy for patients
with acute ischemic stroke. Sleep 2011;34:1271-7.
Martinez-Garcia MA, Campos-Rodriguez F, Soler-
Catalufia JJ, et al. Increased incidence of nonfatal
cardiovascular events in stroke patients with sleep apnoea:
effect of CPAP treatment. Eur Respir J 2012;39:906-12.
Russell T. Enhancing adherence to positive airway pressure
therapy for sleep disordered breathing. Semin Respir Crit
Care Med 2014;35:604-12.

Tsivgoulis G, Zhang Y, Alexandrov AW, et al. Safety and
tolerability of early noninvasive ventilator correction using
bilevel positive airway pressure in acute ischemic stroke.
Stroke 2011;42:1030-4.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

$187

Foster GD, Borradaile KE, Sanders MH, et al. A
randomized study on the effect of weight loss on
obstructive sleep apnea among obese patients with type

2 diabetes: the Sleep AHEAD study. Arch Intern Med
2009;169:1619-26.

Brooks D, Horner RL, Kozar LE, et al. Obstructive sleep
apnea as a cause of systemic hypertension. Evidence from a
canine model. J Clin Invest 1997;99:106-9.
Nopmaneejumruslers C, Kaneko Y, Hajek V, et al.
Cheyne-Stokes respiration in stroke: relationship to
hypocapnia and occult cardiac dysfunction. Am J Respir
Crit Care Med 2005;171:1048-52.

Lanfranchi PA, Somers VK, Braghiroli A, et al. Central
sleep apnea in left ventricular dysfunction: prevalence

and implications for arrhythmic risk. Circulation
2003;107:727-32.

Sahlin C, Sandberg O, Gustafson Y, et al. Obstructive
sleep apnea is a risk factor for death in patients with stroke:
a 10-year follow-up. Arch Intern Med 2008;168:297-301.
Aurora RN, Chowdhuri S, Ramar K, et al. The treatment
of central sleep apnea syndromes in adults: practice
parameters with an evidence-based literature review and
meta-analyses. Sleep 2012;35:17-40.

Cowie MR, Woehrle H, Wegscheider K, et al. Adaptive
servo-ventilation for central sleep apnea in systolic heart
failure. N Engl ] Med 2015;373:1095-105.

Arzt M, Wensel R, Montalvan S, et al. Effects of dynamic
bilevel positive airway pressure support on central sleep
apnea in men with heart failure. Chest 2008;134:61-6.
DeBacker WA, Verbraecken J, Willemen M, et al.
Central apnea index decreases after prolonged treatment
with acetazolamide. Am ] Respir Crit Care Med
1995;151:87-91.

Costanzo MR, Ponikowski P, Javaheri S, et al. Transvenous
neurostimulation for central sleep apnoea: a randomised
controlled trial. Lancet 2016;388:974-82.

Spiegel K, Leproult R, Van Cauter E. Impact of sleep

debt on metabolic and endocrine function. Lancet
1999;354:1435-9.

Meier-Ewert HK, Ridker PM, Rifai N, et al. Effect of
sleep loss on C-reactive protein, an inflammatory marker
of cardiovascular risk. J] Am Coll Cardiol 2004;43:678-83.
Leng Y, Cappuccio FP, Wainwright NW, et al. Sleep
duration and risk of fatal and nonfatal stroke: a prospective
study and meta-analysis. Neurology 2015;84:1072-9.

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

Ramos AR, Dong C, Rundek T, et al. Sleep duration is

7 Thorac Dis 2020;12(Suppl 2):S176-S190 | http://dx.doi.org/10.21037/jtd-cus-2020-002



S$188

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

© Journal of Thoracic Disease. All rights reserved.

associated with white matter hyperintensity volume in
older adults: the Northern Manhattan Study. J Sleep Res
2014523:524-30.

Wolff B, Volzke 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.

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.

Eguchi K, Hoshide S, Ishikawa S, et al. Short sleep
duration is an independent predictor of stroke events

in elderly hypertensive patients. ] Am Soc Hypertens
2010;4:255-62.

von Ruesten A, Weikert C, Fietze I, 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.

Jike M, Itani O, Watanabe N, et al. Long sleep duration
and health outcomes: a systematic review, meta-analysis
and meta-regression. Sleep Med Rev 2018;39:25-36.

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.

Yin J, Jin X, Shan Z, et al. Relationship of sleep

duration with all-cause mortality and cardiovascular
events: a systematic review and dose-response meta-
analysis of prospective cohort studies. ] Am Heart Assoc
2017;6:e005947.

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.

Chandan S, Shukla G, Gupta A, et al. Acute-onset
restless legs syndrome in acute neurological conditions-a
prospective study on patients with the Guillain-

Barre syndrome and acute stroke. Acta Neurol Scand
2018;137:488-99.

Gupta A, Shukla G, Mohammed A, et al. Restless legs
syndrome, a predictor of subcortical stroke: a prospective
study in 346 stroke patients. Sleep Med 2017;29:61-7.
Lee SJ, Kim JS, Song IU, et al. Poststroke restless legs
syndrome and lesion location: anatomical considerations.
Mov Disord 2009;24:77-84.

Ruppert E, Kilic-Huck U, Wolff V, et al. Brainstem stroke-
related restless legs syndrome: frequency and anatomical
considerations. Eur Neurol 2015;73:113-8.

Shiina T, Suzuki K, Okamura M, et al. Restless legs
syndrome and its variants in acute ischemic stroke. Acta

Pérez-Carbonell and Bashir. Narrative review of sleep and stroke

Neurol Scand 2019;139:260-8.

85. Boulos MI, Wan A, Black SE, et al. Restless legs syndrome
after high-risk TTA and minor stroke: association with
reduced quality of life. Sleep Med 2017;37:135-40.

86. Woo HG, Lee D, Hwang KJ, et al. Post-stroke restless
leg syndrome and periodic limb movements in sleep. Acta
Neurol Scand 2017;135:204-10.

87. Schlesinger I, Erikh I, Nassar M, et al. Restless legs
syndrome in stroke patients. Sleep Med 2015;16:1006-10.

88. Trenkwalder C, Allen R, Hogl B, et al. Restless legs
syndrome associated with major diseases: a systematic
review and new concept. Neurology 2016;86:1336-43.

89. Katsanos AH, Kosmidou M, Konitsiotis S, et al. Restless
legs syndrome and cerebrovascular/cardiovascular events:
systematic review and meta-analysis. Acta Neurol Scand
2018;137:142-8.

90. Pennestri MH, Montplaisir J, Fradette L, et al. Blood
pressure changes associated with periodic leg movements
during sleep in healthy subjects. Sleep Med 2013;14:555-61.

91. Chiaro G, Manconi M. Restless legs syndrome, periodic
limb movements during sleep and cardiovascular risk.
Auton Neurosci 2019;220:102554.

92. Lin TC, Zeng BY, Chen YW, et al. Cerebrovascular
accident risk in a population with periodic limb movements
of sleep: a preliminary meta-analysis. Cerebrovasc Dis
2018;46:1-9.

93. Riemann D, Baglioni C, Bassetti C, et al. European
guideline for the diagnosis and treatment of insomnia. ]
Sleep Res 2017;26:675-700.

94. Ohayon MM. Epidemiology of insomnia: what we know and
what we still need to learn. Sleep Med Rev 2002;6:97-111.

95. Bassettd CL. Sleep and stroke. Semin Neurol 2005;25:19-32.

96. Baylan S, Griffiths S, Grant N, et al. Incidence and
prevalence of post-stroke insomnia: a systematic review
and meta-analysis. Sleep Med Rev 2020;49:101222.

97. Alvaro PK, Roberts RM, Harris JK. A systematic review
assessing bidirectionality between sleep disturbances,
anxiety, and depression. Sleep 2013;36:1059-68.

98. Leppivuori A, Pohjasvaara T, Vataja R, et al. Insomnia in
ischemic stroke patients. Cerebrovasc Dis 2002;14:90-7.

99. He Q, Zhang P, Li G, et al. The association between
insomnia symptoms and risk of cardio-cerebral vascular
events: a meta-analysis of prospective cohort studies. Eur J
Prev Cardiol 2017;24:1071-82.

100.Wu MP, Lin HJ, Weng SF, et al. Insomnia subtypes and
the subsequent risks of stroke: report from a nationally
representative cohort. Stroke 2014;45:1349-54.

101.Huang WS, Tsai CH, Lin CL, et al. Nonapnea sleep

7 Thorac Dis 2020;12(Suppl 2):S176-S190 | http://dx.doi.org/10.21037/jtd-cus-2020-002



Journal of Thoracic Disease, Vol 12, Suppl 2 October 2020

disorders are associated with subsequent ischemic stroke
risk: a nationwide, population-based, retrospective cohort
study. Sleep Med 2013;14:1341-7.

102.Elwood P, Hack M, Pickering J, et al. Sleep disturbance,
stroke, and heart disease events: evidence from the
Caerphilly cohort. ] Epidemiol Community Health
2006;60:69-73.

103.Pérez-Carbonell L, Leschziner G. Clinical update on
central hypersomnias. ] Thorac Dis 2018;10:5112-23.

104.Ding Q, Whittemore R, Redeker N. Excessive daytime
sleepiness in stroke survivors: an integrative review. Biol
Res Nurs 2016;18:420-31.

105.Siarnik P, Klobuénikovi K, Surda P, et al. Excessive
daytime sleepiness in acute ischemic stroke: association
with restless legs syndrome, diabetes mellitus, obesity,
and sleep-disordered breathing. J Clin Sleep Med
2018;14:95-100.

106.Hermann DM, Siccoli M, Brugger P, et al. Evolution
of neurological, neuropsychological and sleep-wake
disturbances after paramedian thalamic stroke. Stroke
2008;39:62-8.

107.Jiménez Caballero PE. Bilateral paramedian thalamic
artery infarcts: report of 10 cases. ] Stroke Cerebrovasc
Dis 2010;19:283-9.

108.Blachier M, Dauvilliers Y, Jaussent I, et al. Excessive
daytime sleepiness and vascular events: the Three City
Study. Ann Neurol 2012;71:661-7.

109.Boden-Albala B, Roberts ET, Bazil C, et al. Daytime
sleepiness and risk of stroke and vascular disease: findings
from the Northern Manhattan Study (NOMAS). Circ
Cardiovasc Qual Outcomes 2012;5:500-7.

110.Newman AB, Spiekerman CF, Enright P, et al. Daytime
sleepiness predicts mortality and cardiovascular disease in
older adults. The Cardiovascular Health Study Research
Group. ] Am Geriatr Soc 2000;48:115-23.

111.Davies DP, Rodgers H, Walshaw D, et al. Snoring,
daytime sleepiness and stroke: a case-control study of first-
ever stroke. J Sleep Res 2003;12:313-8.

112.Adamczak-Ratajczak A, Kupsz J, Owecki M, et al.
Circadian rhythms of melatonin and cortisol in manifest
Huntington's disease and in acute cortical ischemic stroke.
J Physiol Pharmacol 2017;68:539-46.

113.Atanassova PA, Terzieva DD, Dimitrov BD. Impaired
nocturnal melatonin in acute phase of ischaemic
stroke: cross-sectional matched case-control analysis. J
Neuroendocrinol 2009;21:657-63.

114.Ritzenthaler T, Lhommeau I, Douillard S, et al. Dynamics

of oxidative stress and urinary excretion of melatonin and

© Journal of Thoracic Disease. All rights reserved.

S$189

its metabolites during acute ischemic stroke. Neurosci Lett
2013;544:1-4.

115.Fiorina P, Lattuada G, Silvestrini C, et al. Disruption
of nocturnal melatonin rhythm and immunological
involvement in ischaemic stroke patients. Scand ] Immunol
1999;50:228-31.

116.Gottlieb E, Landau E, Baxter H, et al. The bidirectional
impact of sleep and circadian rhythm dysfunction in
human ischaemic stroke: a systematic review. Sleep Med
Rev 2019;45:54-69.

117.Lorente L, Martin MM, Abreu-Gonzilez P, et al. Higher
serum melatonin levels during the first week of malignant
middle cerebral artery infarction in non-surviving patients.
Brain Sci 2019;9:346.

118.Lorente L, Martin MM, Abreu-Gonzilez P, et al.
The serum melatonin levels and mortality of patients
with spontaneous intracerebral hemorrhage. Brain Sci
2019;9:263.

119.Kantermann T, Meisel A, Fitzthum K, et al. Changes
in chronotype after stroke: a pilot study. Front Neurol
2015;5:287.

120.Vyas MV, Garg AX, Iansavichus AV, et al. Shift work and
vascular events: systematic review and meta-analysis. BMJ
2012;345:4800.

121.Brown DL, Feskanich D, Sinchez BN, et al. Rotating
night shift work and the risk of ischemic stroke. Am J
Epidemiol 2009;169:1370-7.

122 . Kivimiki M, Jokela M, Nyberg ST, et al. Long working
hours and risk of coronary heart disease and stroke:
a systematic review and meta-analysis of published
and unpublished data for 603,838 individuals. Lancet
2015;386:1739-46.

123.Bassetti CL, Aldrich MS. Sleep electroencephalogram
changes in acute hemispheric stroke. Sleep Med
2001;2:185-94.

124.Terzoudi A, Vorvolakos T, Heliopoulos I, et al. Sleep
architecture in stroke and relation to outcome. Eur Neurol
2009;61:16-22.

125.Gottselig JM, Bassetti CL, Achermann P. Power and
coherence of sleep spindle frequency activity following
hemispheric stroke. Brain 2002;125:373-83.

126.Pace M, Camilo MR, Seiler A, et al. Rapid eye movements
sleep as a predictor of functional outcome after stroke: a
translational study. Sleep 2018. doi:10.1093/sleep/zsy138.

127.Xi Z, Luning W. REM sleep behavior disorder in a patient
with pontine stroke. Sleep Med 2009;10:143-6.

128.Kimura K, Tachibana N, Kohyama J, et al. A discrete
pontine ischemic lesion could cause REM sleep behavior

7 Thorac Dis 2020;12(Suppl 2):S176-S190 | http://dx.doi.org/10.21037/jtd-cus-2020-002



$190

disorder. Neurology 2000;55:894-5.

129.Reynolds T'Q, Roy A. Isolated cataplexy and REM sleep
behavior disorder after pontine stroke. J Clin Sleep Med
2011;7:211-3.

130.Arnardottir ES, Mackiewicz M, Gislason T, et al.
Molecular signatures of obstructive sleep apnea in adults: a
review and perspective. Sleep 2009;32:447-70.

131.Siccoli MM, Rolli-Baumeler N, Achermann P, et al.
Correlation between sleep and cognitive functions
after hemispheric ischaemic stroke. Eur ] Neurol
2008;15:565-72.

132.Rasch B, Born J. About sleep's role in memory. Physiol
Rev 2013;93:681-766.

133.Vock J, Achermann P, Bischof M, et al. Evolution of sleep
and sleep EEG after hemispheric stroke. ] Sleep Res
2002;11:331-8.

134.Poryazova R, Huber R, Khatami R, et al. Topographic
sleep EEG changes in the acute and chronic stage of
hemispheric stroke. J Sleep Res 2015;24:54-65.

135.Xie W, Zheng F, Song X. Obstructive sleep apnea and
serious adverse outcomes in patients with cardiovascular
or cerebrovascular disease: a PRISMA-compliant
systematic review and meta-analysis. Medicine (Baltimore)
2014;93:336.

Cite this article as: Pérez-Carbonell L, Bashir S. Narrative
review of sleep and stroke. ] Thorac Dis 2020;12(Suppl 2):S176-
S190. doi: 10.21037/jtd-cus-2020-002

© Journal of Thoracic Disease. All rights reserved.

Pérez-Carbonell and Bashir. Narrative review of sleep and stroke

136.Kim H, Yun CH, Thomas RJ, et al. Obstructive sleep
apnea as a risk factor for cerebral white matter change
in a middle-aged and older general population. Sleep
2013;36:709-15B.

137.Décary A, Rouleau I, Montplaisir J. Cognitive deficits
associated with sleep apnea syndrome: a proposed
neuropsychological test battery. Sleep 2000;23:369-81.

138.Glozier N, Moullaali TJ, Sivertsen B, et al. The course
and impact of poststroke insomnia in stroke survivors
aged 18 to 65 years: results from the psychosocial
outcomes in StrokE (POISE) study. Cerebrovasc Dis
Extra 2017;7:9-20.

139.Zunzunegui C, Gao B, Cam E, et al. Sleep disturbance
impairs stroke recovery in the rat. Sleep 2011;34:1261-9.

140.Medeiros CA, de Bruin PF, Paiva TR, et al. Clinical
out-come after acute ischaemic stroke: the influence of
restlesslegs syndrome. Eur ] Neurol 2011;18:144-9.

141.Harris AL, Elder J, Schiff ND, et al. Post-stroke apathy
and hypersomnia lead to worse out-comes from acute
rehabilitation. Transl Stroke Res 2014;5:292-300.

142.Glader EL, Stegmayr B, Asplund K. Poststroke fatigue:
a 2-year follow-up study of stroke patients in Sweden.
Stroke 2002;33:1327-33.

7 Thorac Dis 2020;12(Suppl 2):S176-S190 | http://dx.doi.org/10.21037/jtd-cus-2020-002



