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Abstract
The purpose of this review is to highlight existing literature on the epidemiology,
pathophysiology, and treatments of stroke sleep disorders. Stroke sleep disorders are associated
with many intermediary vascular risk factors leading to stroke, but they may also influence these
risk factors through direct or indirect mechanisms. Sleep disturbances may be further exacerbated
by stroke or caused by stroke. Unrecognized and untreated sleep disorders may influence
rehabilitation efforts and poor functional outcomes following stroke and increase risk for stroke
recurrence. Increasing awareness and improving screening for sleep disorders is paramount in the
primary and secondary prevention of stroke and in improving stroke outcomes. Many vital
questions about the relationship of sleep disorders and stroke are still unanswered and await future
well-designed studies.
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Introduction
Sleep disorders continue to be the most unrecognized modifiable risk factor for stroke (1).
One third of US adults report sleeping less than seven-hours per night and 50–70 million
have a sleep disorder (1,2). The relationship between sleep disorders and vascular risk
factors and stroke has been well-documented but not fully understood. Sleep disorders may
contribute to stroke vascular pathology through multiple direct or indirect mechanisms. In
addition, they may also be caused or exacerbated by stroke. Furthermore, the consequences
of untreated sleep disorders (cognitive dysfunction, altered mood, sleepiness, and fatigue)
may impede stroke rehabilitation, lengthen hospital stay, and influence stroke outcomes and
stroke recurrence (1,3). The following review article will provide the current state of
epidemiology, pathophysiology, treatment, and prevention strategies for sleep-disordered
breathing (SDB), insomnia, circadian rhythms, and sleep-related movement disorders in
relation to stroke.
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SDB
SDB is a broad term that describes breathing and ventilatory problems during sleep (4). SDB
encompasses habitual snoring, obstructive sleep apnea (OSA), and central sleep apnea
(CSA) (Table 1).

Habitual snoring affects up to 40% of the adult population and along with breathing pauses
in sleep and daytime sleepiness are cardinal symptoms of OSA (5). The characteristics of
OSA are partial or complete closure of the upper airway, leading to blood oxygen
desaturation and sleep fragmentation (5). Epidemiological studies estimate that up to 17% of
the adult population has OSA with increased prevalence and severity in the elderly (6–8).
OSA is present in up to 25% of patients over 65 years (6–8). There are race–ethnic
differences in the prevalence of sleep symptoms and OSA. In the population-based Sleep
Heart Health Study (SHHS), a higher prevalence of snoring symptoms was reported in
Hispanics and African Americans than in Caucasians (9). Clinical risk factors for OSA
include obesity, male gender, increased neck size (≥17 in. in men; ≥16 in. in women), and
craniofacial features (e.g. retrognathia) that reduce upper airway size (5,7). CSA may be
more prevalent in men (about 8%) than in women (less than 1%) (1,4). The prevalence of
central apnea is influenced by several factors, including age, gender, the presence of heart
failure, and certain metabolic disorders.

Symptoms of OSA and screening methods
Daytime sleepiness is one of the cardinal symptoms of OSA. One of the most common
methods used to evaluate for daytime sleepiness is the Epworth Sleepiness Scale (ESS) (10).
The ESS rates self-reports of dozing off unintentionally during the day in eight sedentary
situations:

• sitting and reading

• watching television

• sitting inactive in a public place

• as a passenger in a car, train, or bus

• lying down to rest in the afternoon when circumstances permit

• sitting and talking to someone

• sitting quietly after a lunch without alcohol

• in a car while stopped for a few minutes in traffic.

Responses ranged from 0 = rarely or never dozing to 3 = most or all of the time dozing with
a maximum score of 24. Daytime sleepiness is considered pathological when ESS score is
≥10.

Risk predictive models have been proposed to identify individuals at high risk for OSA. The
Berlin Questionnaire is commonly used and combines risk factors such as snoring, daytime
sleepiness, obesity, and hypertension to reliably predict OSA from polysomnography (PSG)
(11). These responses are used to stratify patients into low- or high-risk categories for sleep
apnea. A subject is considered to be at high risk if two of the three following categories are
met:

• report of snoring symptoms (volume and frequency) at least three times per week

• daytime sleepiness exceeding three times per week, or history of falling asleep
while driving
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• the presence of hypertension or a body mass index greater than 30 kg/m2.

The presence of two out of the four factors in the Berlin Questionnaire predicts OSA with a
sensitivity of 86%, specificity of 77%, and positive predictive value of 89%. Present and
strong evidence supports high-risk patients undergoing confirmatory PSG in an expedited
manner in order to initiate treatment (Tables 2 and 4).

OSA and vascular risk factors
The association between OSA and vascular disease is in part mediated by the presence of
major vascular risk factors. OSA is closely associated with hypertension, diabetes, and
obesity. OSA increases the risk of hypertension in a dose-response pattern, the most
prominent independent risk factor for ischemic stroke. In the SHHS, adjusted odds of
hypertension (>140/90 mmHg) increased steadily with apnea–hypopnea index (AHI) > 15/h
of sleep (12). A high prevalence of OSA is also described in treatment resistant hypertension
(13). OSA is linked to type 2 diabetes by the mechanisms of increased insulin resistance and
cortisol levels (14). Also, OSA is related to altered levels of leptin, a hormone secreted by
adipocytes, which promotes the sensation of feeling full and increases the metabolic rate
(15). Untreated OSA causes resistance to the metabolic effects of leptin, promoting weight
gain and obesity in this population.

In addition, two risk factors for cardioembolism have been linked to OSA, patent foramen
ovale (PFO) and cardiac arrhythmias. It is suggested that patients with OSA have an
increased risk of cardioembolism through paradoxical emboli (16). This may occur through
increased intrathoracic pressure during apneas, but further studies are needed to clarify this
relationship (17). OSA can cause or exacerbate cardiac arrhythmias during sleep and
potentially lead to lethal tachyarrhythmias. The most common arrhythmias in relation to
OSA are sinus pauses, heart block, and premature ventricular contractions (2). A
significantly higher prevalence of moderate or severe OSA (AHI > 15/h) has been observed
in younger patients (mean age 50 ± 12 years) with paroxysmal atrial fibrillation (AF) or
sustained AF with normal left ventricular function as compared with age- and gender-
matched subjects (62% vs. 38% controls, P = 0·01) (18). More frequent episodes of AF have
been noted in subjects with worse OSA severity (18). Similarly, older subjects (mean age 61
± 10 years) with sustained AF also have an increased prevalence of OSA (AHI > 10) when
compared with controls (82% vs. 60% controls, P = 0·03) (19). These cardiac rhythm
abnormalities are worse during rapid eye movement (REM) sleep, when autonomic system
deregulation is expected. There is also an increased prevalence of OSA in patients with AF
compared with patients with established cardiovascular risk factors (49% vs. 32%, P =
0·0004) (20). Up to 40% of symptomatic AF episodes occur between midnight and 8 am
(21). Observational studies show an improvement or resolution of cardiac arrhythmias and
AF with OSA treatment (22).

OSA symptoms and stroke
Habitual snoring and OSA are independent risk factors for stroke in middle-aged adults and
in the elderly (23,24). The strong association between snoring and stroke is similar to that of
traditional risk factors (25,26). Also, habitual snoring was more strongly associated with
stroke during sleep (25). Excessive daytime sleepiness has been associated with stroke in the
longitudinal Northern Manhattan Study (26). Excessive daytime sleepiness has also been
described as a complication after acute stroke, especially with involvement of the
thalamomesencephalic structures (1).
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Population-based studies of OSA and stroke
With the use of PSG, the association between OSA and stroke has been established in
multiple observational cohort studies (Table 4) (23,24,27–29). In a cross-sectional analysis
of 6000 subjects from SHHS, prevalent stroke (odds ratio (OR): 1·6; 95% confidence
interval (CI) 1·02–2·5) was greater among subjects with OSA (27). A cross-sectional
analysis from the Wisconsin Sleep Cohort study of 1475 individuals showed an increased
risk of stroke in subjects with an AHI ≥ 20 (OR 3·8; 95% CI: 1·2–12·6) after controlling for
covariates (28). In another observational cohort study of patients referred to an academic
sleep center for the evaluation of SDB, OSA was associated with an increased risk of stroke
or death (hazard ratio (HR) 3·3; 95% CI: 1·7–6·3) independently of demographics and
vascular risk factors (23). In the recent prospective analyses from the SHHS with a median
follow up of 8·7 years (29), OSA at all levels of severity was associated with an increased
risk of stroke in men (for the top AHI quartile of >19, an adjusted HR 2·9; 95% CI: 1·1–7·4)
but not in women. There was an increased risk of stroke in women only with an AHI of
more than 25 (29). A recent meta-analysis of 29 studies has reported that up to 72% of
stroke patients have OSA as defined by an AHI greater than 5 (30). The patients with
`cryptogenic stroke' had the highest incidence of OSA, raising the possibility that OSA may
be an important cause of ischemic stroke of unknown etiology (30). Several mechanisms
were suggested to explain this association including paradoxical embolism through a PFO,
increased platelet activation, and apnea-induced reductions in cerebral blood flow (CBF)
and oxygen saturation (30).

OSA and sub-clinical vascular disease
The effect of OSA on sub-clinical vascular disease has been reported. In a cross-sectional
study of Japanese men, brain magnetic resonance imaging revealed silent brain infarcts in
25% of patients with moderate to severe OSA but in only 8% of patients with mild OSA and
in 6% of control subjects, suggesting that OSA may elicit early and asymptomatic
cerebrovascular damage (31). Sub-clinical carotid atherosclerosis (carotid intima–media
thickness (IMT)) has been proposed as an intermediary between OSA and stroke, but this
relationship remains controversial. In the two large population-based studies, Northern
Manhattan Study and SHHS, snoring and insomnia were not found to be associated with
carotid IMT (32,33). However, another study reported a significant association between
severe OSA and carotid atherosclerosis (34). This study, however, involved a relatively
small number of subjects referred to a tertiary care center.

Mechanisms linking OSA to stroke
It is proposed that several OSA mechanisms increase the risk of stroke (Fig. 1). Hypoxemia,
sympathetic surges, and nocturnal hypertension have been postulated as contributors of OSA
in vascular disease. Damage to endothelial cells may occur by oxidative stress during
hypoxemia related to apneas (35). In addition, large fluctuations in blood pressure (BP)
during the obstructive events and sustained hypertension during sleep can cause increased
turbulence and shear stress to the blood vessel walls (36). Arousals from sleep are associated
to increased sympathetic surges, which may play a significant role in the amount of
`nondipping' of BP in sleep leading to nocturnal hypertension (37). Possible intermediaries
between OSA and stroke are alterations in cerebral hemodynamic flow. Obstructive events
can lead to reductions in CBF and impaired cerebral autoregulation (38). Decreased CBF
velocities in the middle cerebral artery territory during apneas have been demonstrated with
transcranial Doppler (38). Changes in intrathoracic pressures during obstructive events may
reduce CBF increasing the risk of stroke in vulnerable patients (38). Also, decreased CBF
and impaired vasomotor reactivity have been observed during wakefulness in subjects with
OSA (38). These mechanisms may cause cerebral small vessel disease as well as cerebral
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white matter disease and lead to sub-clinical cerebrovascular damage and permanent
structural changes to the brain.

Another important mechanism that may cause clinical deterioration during an acute ischemic
stroke is the Reversed Robin Hood Syndrome. This is an intracranial steal phenomenon
associated with neurological deterioration in up to 7% of acute stroke patients (39). Oxygen
desaturations coupled with hypercapnia during obstructions in OSA can trigger this cerebral
blood steal phenomenon. Clinicians should be aware of OSA as a potential etiology of
neurological worsening in acute stroke.

Treatment of OSA
Continuous positive airway pressure (CPAP) is the first-line treatment for patients with
moderate to severe OSA. CPAP is administrated by a small-motorized unit that pushes
pressurized air through a hose attached to a mask strapped on the patient's face. CPAP works
as a`pneumatic splint' by delivering a positive intraluminal pressure, alleviating the
repetitive episodes of upper airway collapse characteristic of sleep apnea, and completely or
partially reversing its daytime consequences. Aside from improving sleep quality and
daytime symptoms related to OSA, CPAP has been shown to decrease risk for
cardiovascular events and have modest effects on BP (40,41) (Table 3). Its benefits are
directly related to its adherence with improvements in subjective sleepiness achieved with
>four-hours of nightly use. Mild decreases in BP (1·89 mmHg in systolic BP and 2·19
mmHg in diastolic BP) require a minimum of 5·6 h of CPAP nightly use (41).

The benefits and timing of CPAP therapy during an acute stroke, however, have not been
established. The effects of CPAP therapy on BP during an acute stroke are not well-known.
CPAP treatment therefore may be problematic in acute stroke patients that are vulnerable to
changes in CBF. In addition, the severity and type of sleep apnea may evolve from the acute
to the chronic stroke phase (1). Acute stroke patients may show poor CPAP adherence due
to cognitive and motor impairment that hinders appropriate mask fit and placement. An
alternative option for inpatient treatment for OSA may be positional therapy (avoiding
supine positioning), which has showed modest decreases in the AHI of about 20% compared
with sleeping at lib (42). A five-year prospective observational study of patients with OSA
two-months after stroke showed that those with moderate or severe OSA who were
nonadherent to CPAP had increased mortality (HR 1·6; 95% CI: 1·0–2·5) from
cardiovascular disease or stroke as compared with CPAP adherent patients (43).
Randomized clinical trials studying the effects of CPAP therapy on stroke outcomes and
recurrence are currently ongoing; however, given its high benefit-to-risk ratio, stroke
patients with OSA should be encouraged to use CPAP regularly as part of routine stroke
care (Table 4). Larger studies are needed to determine the optimal timing of CPAP therapy
after stroke, determinants of CPAP adherence in stroke patients, and the effects of CPAP use
on stroke risk reduction and mortality.

CSA and stroke
CSA is characterized by repetitive cessation of ventilation during sleep resulting from loss
of ventilatory drive. By definition, a central apnea is a 10-s pause in ventilation without
associated respiratory effort. Cheyne–Stokes respiration (CSR) is characterized by recurrent
cyclic fluctuations of central apneas and hyperpneas (increased ventilation) during which
tidal volume waxes and wanes in a gradual crescendo–decrescendo pattern. CSR is
commonly seen in congestive heart disease (2).

CSA may be a consequence rather than a cause of stroke and can be a heralding symptom of
vascular disease. During an acute stroke, there is an increase frequency of central apneas
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that improves during the sub-acute phase to completely resolve within months after the
stroke (1). Also, CSA, such as CSR, is associated with congestive heart disease, a risk factor
for cardioembolic strokes (2). In a cross-sectional analysis of the SHHS, the association
between sleep parameters (e.g. AHI, arousals, desaturations) and sub-clinical cerebral white
matter disease by magnetic resonance imaging showed that central apneas were the only
sleep factor associated with increase sub-clinical white matter hyperintensities (44). A
relation between CSA and asymptomatic carotid artery disease has also been observed (45).
An increased hypercapnic response with subsequent ventilator instability may also be a
consequence of increased sub-clinical brain disease in the respiratory centers of the brain
and/or damaged baroreceptors in the carotid bulb as seen in carotid stenosis.

Treatment of CSA
Treatment of CSA and CSR encompasses the use of CPAP and/or oxygen supplementation
that requires following patients over time to monitor effectiveness of treatment. A newer
ventilator device, adaptive servo-ventilation, provides ventilatory support that adapts to the
phase of the cycle in CSR allowing for maximum support during the apneic phase and
minimum support during the hyperpnea, allowing for normalization of breathing pattern
during the first night of use.

Insomnia, sleep duration, and stroke
Insomnia is the most common sleep disorder with up to 22% of middle-aged and older
Americans suffering from chronic insomnia (46). Insomnia is characterized by a complaint
of difficulty falling asleep, staying asleep, early morning awakening, and/or nonrestorative
sleep, given sufficient opportunity for sleeping (4). The diagnosis of insomnia requires at
least one associated daytime functional impairment (fatigue, daytime sleepiness, irritability,
memory, or concentration difficulties among other complaints) (4). Multiple studies,
including a large cohort from the Atherosclerosis Risk in Communities Study, have found
that self-reported complaints of insomnia are associated with an increased risk of coronary
heart disease, myocardial infarction (MI), or death (47). Insomnia complaints combined with
short sleep duration (≤five-hours of sleep) are also associated with incident hypertension
(OR 5·1; 95% CI: 2·2–11·8) and type 2 diabetes (OR 2·95; 95% CI: 1·2–7·0) (48,49).
Insomnia was associated with all-cause mortality (OR 1·7; 95% CI: 1·2–2·5) and
cardiovascular death (OR 1·8; 95% CI: 1·0–3·1) (50). Increased sympathetic activity and
hypothalamic–pituitary–adrenal axis activation leading to increased cortisol levels are
proposed mechanisms for the effect of insomnia on vascular disease (48).

Insomnia with short sleep is associated with adverse health outcomes. Epidemiological
studies have demonstrated the lowest mortality in those sleeping seven-hours per night, and
increased mortality in those sleeping eight-hours or more, or six-hours or less, independent
of other sleep symptoms (51,52). A U-shaped relation between sleep duration and vascular
outcomes has been described, with short sleep (less than six-hours of sleep) associated with
diabetes, obesity, incident hypertension, and coronary artery disease, and long sleep (nine≥
more hours of sleep) with stroke and coronary artery disease (51–56). A recent meta-
analysis of 15 prospective population-based studies has shown that short sleep duration (HR
1·2; 95% CI: 1·0–1·3) and long sleep duration (HR 1·7; 95% CI: 1·5–1·9) are predictors of
ischemic stroke (52). Short sleep has been shown to impair insulin sensitivity, increase
sympathetic tone and cortisol levels, and alter inflammatory markers (55,56). However, the
mechanisms by which long sleep is associated to cardiovascular comorbidities are not well-
understood. There is a continuing controversy on whether long sleep duration is a risk factor
for cardiovascular disease or it is a marker of underlying poor health. Long sleep may be a
consequence, rather than a cause, of unrecognized comorbidities leading to increased
mortality (51,52,54).
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Treatment of insomnia
The treatment of insomnia encompasses pharmacologic and nonpharmacologic/behavioral
interventions. Among the pharmacologic agents available, benzodiazepine agonists (i.e.
zolpidem) are the first line of treatment. Newer agents include ramelteon, targeting
melatonin receptors, and low-dose doxepin, which are both US Food and Drug
Administration (FDA)-approved for the treatment of primary insomnia. Other treatment
agents include sedating antidepressants (mirtazapine, trazodone), antihistamines, and
benzodiazepines. The mainstay of nonpharmacologic intervention is cognitive behavioral
therapy. Cognitive behavioral therapy evaluates patients' sleep habits and dysfunctional
sleep beliefs. Then, strategies tailored to patients' sleep difficulties are recommended
including maintenance of regular sleep–wake schedules, stimulus control therapy, and sleep
time-in-bed restriction. Cognitive behavioral therapy has been shown to be as effective as
pharmacological interventions in the treatment of insomnia, although convincing evidence in
stroke patients is not available (Table 4).

Circadian rhythms
Circadian rhythms are biological and physiological processes with a periodicity
approximating 24 h. They are primarily driven by internal circadian pacemaker (the
suprachiasmatic nucleus of the hypothalamus) and entrained by exogenous cues (light
exposure, meal times). The best characterized circadian processes are the sleep–wake cycle,
body temperature, BP, and the release of neuroendocrine hormones. Circadian rhythm
disorders occur when there is intermittent or chronic misalignment between the patient's
sleep pattern and the pattern that is desired or regarded as the societal norm (57). The most
common complaint is that the patient cannot sleep when sleep is desired or expected;
however, wakefulness may also occur at undesired times as a result of sleeping at
inappropriate times (i.e. while at work, while driving) (57). Thus, patients may complain of
excessive sleepiness or insomnia. Diagnosis of circadian rhythm abnormalities requires
correlation of sleep complaints (insomnia, excessive sleepiness) with circadian rhythm
misalignment (endogenous circadian rhythm is out of sync with exogenous factors that
affect timing or duration of sleep) documented with sleep diaries or wrist actigraphy (4).

Circadian rhythm disorders and stroke
The circadian rhythm abnormality associated with the most morbidity in adults is shift work
sleep disorder. According to the 2004 data from the US Bureau of Labor statistics,15 million
Americans work full time on evening shift, night shift, rotating shift, or other irregular
schedule (58). Shift workers attempting to sleep during the day often have curtailed sleep
duration due to environmental disruptors (i.e. noise, sunlight), circadian misalignment, and
unrecognized comorbid sleep disorders (59). Night shift work is associated with significant
stress and interferes with endogenous nocturnal BP decline. This results in elevated BP
during the shift,which persists into the following day (60). Thus, prolonged shift work is
known to have multiple deleterious health consequences including increased risk of obesity,
hypertension, diabetes, cardiovascular disease, and all-cause mortality, but it is controversial
whether it also increases stroke risk (61–65). Although some small case-control studies did
not find an association with shift work and incident stroke (66), the Nurses' Health Study, an
ongoing cohort study of over 80 000 registered female nurses, reported that rotating night
shift work was associated with a 4% increased ischemic stroke risk for every five-years of
shift work after controlling for vascular risk factors (67).

Sleep, ambulatory BP and risk of stroke
BP exhibits a prominent 24 h rhythm, with two daytime peaks, the first around 9 am and the
second around 7 pm, and a nadir during sleep (68). Normally, BP decrease by 10–20%
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during non-rapid eye movement (NREM) sleep as compared with daytime levels (68). A
variety of abnormal BP variation patterns have been described in which the nocturnal fall of
BP may be >20% (extreme dippers), <10% (nondippers), or <0% (reversed dippers, with
nocturnal BP exceeding daytime BP) (69). Prospective studies have shown that patients who
do not experience typical BP `dipping' during sleep are at increased risk for end organ
damage, including left ventricular hypertrophy, myocardial infarction, congestive heart
failure, vascular dementia, and stroke (68–72). Extreme dipper, nondipper, or reverse dipper
pattern have all been associated with intracranial hemorrhages, ischemic strokes, silent brain
infarcts, and stroke deaths (69–71,73,74). Excessive morning BP surge have been associated
with a 2·7-fold increase risk of stroke in the elderly (75). The Ohsama study, a population-
based study of the prognostic value of ambulatory BP monitoring in over 1500 Japanese
subjects, found that after an average follow-up of 9·2 years, a 5% decrease in the nocturnal
systolic BP in hypertensive patients was associated with approximately a 20% increased risk
of cardiovascular mortality (72). In addition, `dipper hypertensives' had a risk of
cardiovascular mortality (HR 2·4; 95% CI: 1·5–3·8) similar to that of `nondipper
hypertensives' (HR 2·2; 95% CI: 1·3–3·6). These results suggest that loss of nocturnal BP
dipping is a significant risk factor of cardiovascular mortality, independent of 24-hour mean
BP. Hence, altered diurnal BP pattern with absence of nocturnal BP dipping represents an
important risk factor for stroke and cardiovascular events.

Circadian rhythm abnormalities after stroke
Several studies employing BP monitoring have documented reduction or loss of BP and
other circadian rhythms after acute stroke of various etiologies (76–79). Continuous
ambulatory BP monitoring studies in acute stroke found rates of BP nondipping and reverse
dipping patterns of 30% and 58%, respectively (77). This lack of nocturnal BP dipping in
acute stroke may have several possible etiologies. These include stress associated with
hospitalization, activation of neuroendocrine systems (corticotropic, sympathetic, renin–
aldosterone–angiotensin), injury to central centers responsible modulation of autonomic BP
control (i.e. insular cortex), alterations in cardiac output, and physiological response to
reduced perfusion of the ischemic penumbra (68,76–79). Acute stroke patients with
preserved nocturnal BP decline in the first 24 h from onset have been shown to have
improved one-week neurological outcomes compared with patients with nondipping BP
pattern (76). Using 24-h BP recordings, each 10-mmHg difference between day and
nighttime diastolic BP within 24 h of stroke onset was associated with the fourfold odds for
complete functional recovery, whereas each 10-mmHg difference between day and night
systolic BP was associated with the twofold odds for an improvement in neurological status
(76). Circadian rhythms abnormalities in the acute stroke phase may serve as prognostic
indicators of poor long-term functional recovery.

Treatment of circadian rhythm abnormalities in stroke
Awareness of circadian rhythms and their abnormalities as a risk factor for stroke and in
acute stroke setting may influence acute stroke care and stroke prevention.Knowledge of
aberrant circadian BP patterns after acute ischemic stroke may prevent use of
antihypertensive medication prematurely, resulting in deleterious consequences from
relative hypotension. In the outpatient setting, altered circadian BP pattern is a recognized
risk factor for stroke and cardiovascular disease. Thus, optimization of antihypertensive
therapy requires identification of individual patient circadian BP patterns by ambulatory BP
monitoring and tailoring medication regimen according to its abnormality. There is some
prospective evidence that such hypertensive chronotherapy (with conventional
antihypertensives taken at bedtime) improves ambulatory (including nocturnal) BP control
and normalizes BP dipping pattern and significantly reduces vascular deaths, cardiovascular
events, and strokes as compared with conventional (morning, once-aday dosing)
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hypertensive therapy (70). Hence, bedtime administration of antihypertensive medications
should be considered in patients with nondipping or reverse-dipping BP pattern as opposed
to ingesting all medications upon awakening.Another circadian-based therapeutic option is
using chronotherapeutic formulations of antihypertensives, medications designed to
proportion medication concentration synchronously with known variations in day–night BP,
delivering peak concentrations in the morning (Table 4). Finally, assessment of patients'
work shift history, screening and treatment of coexisting sleep disorders, and education
concerning maladaptive sleep habits may help reduce their vascular risk.

Sleep-related movement disorders
Sleep-related movement disorders and their impact upon incident stroke have received much
less attention than sleep duration and SDB; however, there is mounting evidence that these
disorders may also contribute to elevated stroke risk. Restless legs syndrome (RLS) is a
sensorimotor disorder clinically diagnosed by four minimal criteria:

• uncomfortable/unpleasant sensations with an urge to move the legs

• symptom exacerbation by periods of rest or inactivity

• full or partial relief by movements (walking/stretching), and

• diurnal fluctuation of symptoms with worsening at night or in the evening (80).

RLS is one of the most common sleep disorders, with population-based surveys estimating
its frequency between 5% and 10 % of the general population in North America and Europe
(81–85). The prevalence increases with age until after age 60 to 70, after which it decreases.
The prevalence is about two times more common in women than in men (82,83). The
pathophysiology of RLS implicates deficiencies in central dopaminergic transmission,
which is vital in modulating spinal excitability (80).

Periodic limb movements (PLMs) occur in up to 80% of patients with RLS and are the cause
of sleep fragmentation (80). These repetitive, stereotypical limb movements are often
described as `jerks' by bed partners and can cause brief arousals or full awakenings from
sleep. They are most commonly composed of periodic flexions and extensions involving the
toes, ankles, and occasionally the knee and hip. PLMs require PSG for diagnosis and must
occur in a series of at least four consecutive movements lasting from 0·5 to 10 s with
intermovement intervals of four-seconds to 90 s (see Fig. 2) (80). There is only one
population-based study of PLMs employing PSG, estimating a prevalence of nearly 8% in
the tri-county Detroit area, with noted racial differences (86). They are more common in the
elderly, found in up to 45% of patients over the age of 65 (87). They have variable
electroencephalography (EEG)-defined arousals and consistent autonomic arousals, with
surges in sympathetic activity resulting in BP and heart rate increases lasting for five-
seconds to 10 s following individual leg movements (88). These changes in BP and heart
rate are comparable with those observed following apneic episodes of OSA. An example of
heart rate variability associated with PLMs is shown in Fig. 2.

Sleep-related movement disorders and stroke
Evidence of causative roles for RLS and PLMs in ischemic stroke is lacking; however, RLS
and PLMs have been associated with increased risk of hypertension and cardiovascular
disease in some epidemiological studies after controlling for wellestablished vascular risk
factors (81,85). Several studies, however, have found only a significant association between
frequent RLS and cardiovascular disease and stroke but not with hypertension (Table 3)
(82,84,89). Frequency and severity of symptoms has been shown to strengthen the
association between RLS and cardiovascular disease (84,89). In the SHHS, the association
of RLS with coronary artery disease was primarily seen in those patients reporting RLS
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symptoms on most days of the month (89). The main postulated mechanism for this
association involves repeated sympathetic arousals and associated BP and heart rates surges
associated with PLMs. The association of PLMs with hypertension severity has been
reported (90). In a sample of 861 RLS patients, those with PLMs > 30/h had a twofold
increased risk of hypertension (OR 2·3, 95% CI 1·3–4·0) (91). Thus, RLS and associated
PLMs may mediate risk for cardiovascular disease, hypertension, and incident stroke
through repeated nocturnal autonomic arousals similar to that observed with OSA (92).

Sleep-related movement disorders after stroke
There are several case reports of new onset RLS and PLMs or exacerbation of preexisting
RLS symptoms following acute ischemic stroke (93). In a small retrospective study, PLMs
were found to be more prevalent in patients with history of stroke (48%) as compared with
matched subjects without history of stroke (13%); however, it was unclear whether PLMs
preceded incident strokes or were one of its consequences (94). In one prospective study,
poststroke RLS symptoms were found in 12% of patients within a month of ischemic stroke
(95). The most frequent stroke locations associated with RLS were subcortical locations
(basal ganglia/corona radiata) and brainstem areas (pyramidal tract/pons), which are
prominent in coordinating motor system output and sleep–wake transitions.

Treatment of sleep-related movement disorders
The gold standard treatment for significant RLS and PLMs is dopamine agonist therapy
(80). There are currently three FDA-approved medications for treatment of moderate-to-
severe RLS. Two nonergotamine dopamine agonists, ropirinole (0·25–2·0 mg) and
pramexipole (0·25–1 mg), are taken about one-hour before bedtime (1) and the recently
approved gabapentin enacarbil, a gabapentin prodrug (600–1200 mg) with alpha-2 delta
activity. In Europe, another dopamine agonist, rotigotine, is approved as a transdermal patch
(1). Other RLS and PLMs treatments include bedtime gabapentin (300–1200 mg),
pregabalin (100–500 mg), clonazepam (0·25–1 mg), and levodopa/carbidopa (125–250 mg)
(1). Caffeine, alcohol, and certain medications (dopamine blockers, selective serotonin
reuptake inhibitors, serotonin and norepinephrine reuptake inhibitors, and tricyclic
antidepressants) known to exacerbate RLS and PLMs should be avoided (80). There is no
evidence showing treatment of RLS/PLMS prevents incident hypertension, cardiovascular
events or stroke (Table 4).

Consequences on sleep disorders on stroke rehabilitation
Although there are few data to directly link the consequences of altered hospital sleep
pattern to increased patient morbidity and mortality, the consequences of poor sleep may
affect inpatient stroke rehabilitation efforts. Poor sleep quality or duration, regardless of
etiology, significantly impairs patient's rehabilitation for a variety of reasons. Sleep
disorders impede the restorative processes, which occur during undisturbed sleep (96). OSA,
insomnia, and RLS are associated with depressive symptoms, daytime sleepiness, fatigue,
and executive dysfunction, all of which limit a patient's rehabilitation regimen
(1,5,31,46,85). Stroke patients with untreated sleep disorders may lack the motivation,
energy, and concentration necessary to participate in intensive rehabilitation therapy.
Patients with preexisting OSA and RLS have been shown to have poorer functional stroke
outcomes than stroke patients without sleep disorders (96,97). In a recent small-randomized
trial in 22 patients with OSA, CPAP treatment after stroke has been shown to improve motor
functional recovery and depressive symptoms, but not cognitive impairment (98). Present
but inconclusive or inconsistent evidence suggests (Table 4) that treatment of sleep disorders
in patients with stroke may help maximize stroke recovery but more rigorous studies are
needed.
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Future directions
There are many unanswered questions regarding the impact of sleep disorders on incident
and recurrent stroke. There are limited data regarding race–ethnic prevalence of sleep
disorders, which may be of importance in stroke prevention as Hispanics have a twofold
increased risk for stroke in comparison with Whites (99). A large multicenter
epidemiological study, the Hispanics Community Health Study with 16 000 participants,
will evaluate the effect of sleep disorders on adverse cardiovascular outcomes and will help
clarify the effect of sleep disorders on sociodemographic and vascular disease in US
Hispanic population (100). Longitudinal clinical trials are needed to determine if treatments
of sleep disorders in the general population may be effective in primary prevention of
stroke.Thirteen active trials (clinicaltrials.gov) currently investigate the effects of OSA on
vascular disease and the effects of CPAP on future cardiovascular events. One large ongoing
trial (the Sleep Apnea Cardiovascular Endpoints Study, with 5000 participants) is
investigating whether CPAP treatment for moderate to severe OSA is effective for
prevention of cardiovascular disease and stroke in patients with established coronary or
cerebrovascular disease; and the results from this trial will be available in 2015. Currently,
there are no active studies evaluating the effects of treating sleep disorders other than OSA
on reduction of stroke risk. Furthermore, defining the patho-physiological mechanisms
through which other sleep disorders mediate increased risk of stroke warrants further
investigations. In addition, OSA and other SDB may play a role in long-term cognitive
impairment and dementia and more studies are needed to investigate these relations. More
studies are also needed to determine if treatment of poststroke sleep disorders improve
stroke rehabilitation and stroke outcomes including mood and cognitive function. Given the
emerging evidence that sleep disorders may be modifiable stroke risk factors, increased
awareness of their effects, management, and prevention are paramount among health-care
professionals and the public. Incorporating efficient sleep disorders screening as part of
routine stroke care is an important first step. Educating neurologists-in-training regarding
these novel therapeutic targets should help modify stroke risk and improve outcome and
quality of life after stroke. Finally, educating stroke patients and their families regarding the
impact of sleep on stroke recovery and risk of subsequent stroke may help improve
adherence with sleep therapies.

Conclusion
Sleep disorders are highly prevalent in patients with stroke and in those at risk for stroke.
Thus, sleep disorders screening through questionnaires such as the ESS and the Berlin
Questionnaire should become standard of care in stroke clinics. Further clinical and research
collaborations between stroke and sleep specialists should be encouraged to improve the
knowledge, the prevention strategies, and subsequently, the clinical outcomes for stroke
patients. Finally, newer strategies to educate future health-care professionals and the public
about the importance of sleep and its impact on stroke and cardiovascular disease are vital.
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Fig. 1.
The association between sleep disorders, vascular disease and stroke. Mechanisms specific
to sleep disorders are represented in the left column and established vascular mechanisms
are represented in the right column. Sleep disorders potentiate vascular mechanisms, and
vascular disease, in turn, contributes to sleep disorders (or exacerbate sleep disorders). The
sleep-related mechanisms can lead to the development of risk factors (i.e. hypertension) and
to sub-clinical vascular disease (brain white matter hyperintesitiens, carotid disease) and
stroke; or sleep-related mechanisms are directly linked to stroke.
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Fig. 2.
Periodic limb movements in sleep. Two-minutes of stage 2 NREM sleep with periodic limb
movements (PLMs) in bilateral tibialis anterior (TA) muscles. PLMs with cortical (EEG-
defined) arousals (rectangular boxes) show greater autonomic activation (heart rate surges)
than those without cortical arousals. Vertical lines represent 30 s sleep epochs. Top to
bottom tracings: unilateral right central and occipital EEG leads; left (L) and right (R)
tibialis anterior electromyography (TA EMG), heart rate (HR), and electrocardiogram
(EKG).
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Table 1

Sleep terms and definitions

Term Definition

Apnea Cessation of airflow for at least 10 s, usually accompanied by oxygen desaturation

Hypopnea Reduction in airflow by at least 30–50% of baseline, usually accompanied by oxygen desaturation or an
arousal

Arousal Awakening from sleep lasting three-seconds to 15 s

Apnea–hypopnea index Number of apneas and hypopneas per hour of sleep, a marker of sleep apnea severity

Obstructive sleep apnea and
hypopnea

Apneas or hypopneas resulting from complete or partial collapse of the upper airway collapse during sleep

Central sleep apnea and
hypopnea

Apneas or hypopneas resulting from absence or insufficient central respiratory drive to respiratory muscles

Sleep apnea syndrome At least five apneas and hypopneas per hour of sleep, associated with complaints of snoring, breathing
pauses, insomnia, unrefreshing sleep, excessive daytime sleepiness, or fatigue

Epworth Sleepiness Scale Questionnaire measuring sleepiness (0–3) in eight daytime situations. A score of 10 or higher is associated
with significant sleepiness

Polysomnography Multichannel physiological recording of electroencephalographic, electrooculographic,
electromyoghaphic, electrocardiogram, and respiratory activity with audiovisual correlation to detect
sleeping disturbances

Insomnia Difficulty with sleep initiation or maintenance or unintended early awakenings

Circadian rhythm Biological process with periodicity approximating 24 h

Actigraphy 24-h motion recording detected by wearing a watch-like device (accelerometer) used to infer sleep-wake
patterns for prolonged periods

Restless legs syndrome Sensorimotor disorder composed of uncomfortable sensations with an urge to move the legs, worsened by
inactivity, and in the evening, relieved by movement of the legs, often causing insomnia

Periodic limb movements Rhythmic movements of the extremities (most commonly the legs) occurring during sleep or wakefulness,
sometimes interrupting sleep onset or continuity
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Table 2

Population at high risk for sleep disordered breathing

Populations at high risk for sleep-disordered breathing and
obstructive sleep apnea

History and symptoms prompting sleep evaluation by
polysomnography

History of Stroke Daytime sleepiness (≥10 Epworth Sleepiness Scale)*

Obesity (body mass index > 30)* Loud and habitual snoring*

Congestive heart failure History of hypertension*

Atrial fibrillation Gasping/choking at night

Refractory hypertension Witnessed apneas

Type 2 diabetes Short-lasting morning headaches

Nocturnal dysrhythmias Frequent awakenings

Nondipping blood pressure Memory loss

Pulmonary hypertension Decreased concentration

Shift workers Frequent nocturia

*
Berlin Questionnaire items.
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Table 3

Recommendations on diagnosis and treatment of sleep disorders and stroke (levels of evidence)

Recommendation Level of evidence

OSA

 Consider OSA treatment in men with any degree of OSA or in women with AHI > 25/h as a potential strategy for
primary stroke prevention

B

 Every stroke patient should be risk-stratified for OSA A

 Acute stroke patients at high risk for OSA should have overnight PSG >two-weeks after event B

 Positional therapy may be an alternative treatment for acute stroke patients with suspected or confirmed OSA B

 Stroke patients with moderate to severe OSA should be encouraged to use CPAP on a daily basis as a potential
secondary stroke prevention strategy

B

Insomnia

 Short-term hypnotic medications and cognitive behavioral therapy are first-line treatments for patients chronic insomnia
complaints (but trials in stroke populations are lacking)

C

Circadian disorders

 Consider hypertensive chronotherapy in patients with aberrant BP dipping pattern to decrease future cardiovascular and
stroke risk

B

RLS/PLMs

 Patients with strokes involving the basal ganglia, corona radiate, or pyramidal tract should be clinically screened for
RLS

B

 Poststroke RLS complaints (>two times/week) with or without PLMs resulting in insomnia, disrupted sleep, and
daytime consequences should be treated to enhance stroke recovery

C

A, present and strong; AHI, apnea–hypopnea index; B, present but inconclusive or inconsistent; BP, blood pressure; C, lacking; CPAP, continuous
positive airway pressure; OSA, obstructive sleep apnea; PLM, periodic limb movement; PSG, polysomnography; RLS, restless legs syndrome.
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Table 4

Sleep disorders, cardiovascular disease, and stroke in epidemiological studies

Study Design n Outcome OR/HR (95% CI)

OSA

SHHS; Shahar et al. 2001 Cross-sectional 6424 Heart failure; 2·4 (1·2–4·6)

CAD; 1·3 (1·0–1·6)

Stroke 1·6 (1·0–2·5)

WSC; Arzt et al. 2005 Cross-sectional 1475 Stroke 3·8 (1·2–12·5)

Yaggi et al. 2005 Prospective cohort 1022 Stroke or death 2·0 (1·1–3·5)

Munoz et al. 2006 Prospective cohort 394 Stroke 2·5 (1·0–6·0)

 SHHS Prospective cohort 5422 Stroke Men, 2·9 (1·1–7·4)

 Redline et al. 2010 Women, 1·2 (0·7–2·2)

Insomnia

 ARIC Prospective cohort 11 863 HTN; 1·2 (1·0–1·3)

 Phillips and Mannino, 2007 CVD 1·5 (1·1–2·0)

Vgontzas et al. 2009 Cross-sectional 1741 HTN <5 vs. >six-hours of sleep 5·1 (2·2–11·8)

Chien et al. 2010 Prospective cohort 3430 CAD/stroke; 1·8 (1·0–3·1)

Death 1·7 (1·2–2·5)

RLS

SHHS; Winkelman et al. 2008 Cross-sectional 3433 HTN; 1·3 (0·9–1·8)

CAD; 2·2 (1·4–3·5)

CAD/stroke 2·4 (1·6–3·7)

WSC; Winkelman et al. 2006 Cross-sectional 2821 HTN; 1·3 (0·9–1·9)

CAD/stroke 2·6 (1·4–4·8)

Ulfberg et al. 2001 Cross-sectional 2608 CVD; 2·5 (1·4–4·3)

HTN 1·5 (0·9–2·4)

ARIC, Atherosclerosis Risk In Communities; CAD, coronary artery disease; CI, confidence interval; CVD, cardiovascular disease; HR, hazards
ratio; HTN, hypertension; OR, odds ratio; OSA, obstructive sleep apnea; PSG, polysomnography; RLS, restless legs syndrome SHHS, Sleep Heart
Health Study; WSC, Wisconsin Sleep Cohort.
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