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Obstructive sleep apnea (OSA) is an extremely
common public health problem manifested by
sleep-disordered breathing, daytime hypersom-
nia and poor sleep quality, adverse neurocogni-

tive sequelae, and hypoxia. OSA occurs in about two to
four percent of the general population, or an estimated
18 million Americans.1 Co-morbid OSA is even more
frequent in neurological patients, affecting at least one-
third of those with epilepsy and about two-thirds of
stroke survivors. Just as effective treatment of OSA
may improve hypertensive control and reduce risk of
cardiovascular complications, there is now growing evi-
dence that treating co-morbid OSA also improves neu-
rological outcomes such as cognitive functioning and
seizure control. Since neurologists frequently serve as
principal care providers for those with epilepsy, stroke,
multiple sclerosis, and migraine, it is crucial for neurol-
ogy physicians to be familiar with the identification of
sleep apnea early in its presentation to provide optimal
care for their patients. This article reviews the typical
common clinical manifestations of obstructive sleep
apnea and its adverse impact on neurocognitive func-
tioning, focuses on the influence of co-morbid OSA on
selected neurological disorders, and provides some con-
cluding practical pointers on the diagnosis and treat-
ment of OSA for practicing neurologists.

OSA and The Spectrum of Sleep Disordered Breathing
Obstruction of the upper airway during sleep causes a
continuum of breathing disturbances, varying from
mild snoring, to partial airway obstruction causing a
heightened respiratory effort necessary to preserve air-
flow and oxygenation, thereby leading to arousal (a
respiratory effort related arousal, or RERA), to airflow
limitation (hypopnea), and to cessation of airflow
(apnea). Some patients have a typical predisposing
anatomy of a narrowed oropharynx. Anatomical fac-
tors at the level of the nose, nasopharynx, oropharynx,
or hypopharynx may all predispose, and most adult
patients have multi-level obstructive factors. Common
anatomical factors increasing vulnerability towards
OSA include nasal septal deviation, polyps, a low-lying
palate or redundant soft palatal tissue, a thickened
tongue base, or a narrow hypopharynx.

The mildest form of upper airway obstructive sleep
disordered breathing is snoring. Snoring results from
narrowing in the nasal passages or oropharynx signifi-
cant enough to produce turbulent airflow, leading to
vibration of the soft palatal tissue. Primary snoring is
diagnosed when no other disturbance in sleep or res-
piration is found during polysomnography. While
snoring has been correlated with risk of hypertension,
primary snoring is basically otherwise benign except
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for its disruptive effects on the sleep of bedpartners or
roommates.

Typical historical features of OSA include loud dis-
ruptive snoring, snort arousals, witnessed apneas, and
excessive daytime sleepiness. OSA is associated with
development of hypertension and is a risk factor for
stroke, coronary artery disease, congestive heart fail-
ure, and atrial fibrillation. OSA disrupts endothelial
and metabolic homeostasis, mediating an increased
risk of atherosclerotic vascular disease. Untreated
moderately severe or severe OSA patients have an
increased risk of mortality and adverse cardiovascular
and cerebrovascular events.

OSA severity is determined during polysomnogra-
phy by the apnea-hypopnea index (AHI), the hourly
rate of apneas and hypopneas during sleep. Severity of
OSA, according to AHI, is as follows: normal=4 or
fewer events/hour; mild=5-14 events/hour; moder-
ate=15-29 events/hour; and severe=30 per hour or
higher. The AHI is further correlated with specific
sleep stages and body positions to determine whether
positional therapy can be offered, since many patients
have OSA only during supine sleep (i.e., position-
dependent OSA).

Upper airway resistance syndrome (UARS) is the
mildest variant of OSA. UARS is characterized by
snoring, frequent snort arousals, and daytime hyper-
somnia, but without an abnormally high frequency of
overt apneas or hypopneas. Polysomnography demon-
strates frequent, repetitive respiratory effort related
arousals (RERAs), generally at a frequency of 10 or
more per hour.

Central sleep apnea (CSA) results from reduced
ventilatory drive during sleep that causes episodic
insufficient ventilation and compromised gas exchange
despite oropharyngeal airway patency. Insomnia is a
more frequent complaint in CSA patients than hyper-
somnia, and snoring is generally less dramatic. CSA
may be idiopathic or due to a variety of other causes
including high altitude periodic breathing, Cheynes-
Strokes respirations, narcotic medications, or primary
neurological causes such as brainstem infarction or
multiple systems atrophy. CSA is often refractory to
treatment with nasal CPAP therapy, which may
improve oxygenation but fail to improve frequent

spontaneous arousals that fragment sleep. Alternative
PAP modalities such as adaptive servoventilation (ASV)
may be superior for CSA treatment.

Complex sleep apnea syndrome (CompSAS) is char-
acterized by predominant or exclusive OSA at baseline
that evolves during the course of CPAP therapy to
occurrence of frequent central apneic events that may
or may not resolve after ongoing home use of CPAP.
CompSAS patients with continued central apneic
events at a frequency of five or more per hour often
have persisting clinical complaints of hypersomnia and
continued medical risk despite an otherwise favorable
response to CPAP treatment. CompSAS occurs in
approximately four-15 percent of OSA patients. As in
CSA therapy, ASV may be superior to conventional
CPAP for treatment of compSAS.

Sleep-related hypoventilation (SRH) differs from
sleep apnea since there is an enduring, longitudinal
failure of ventilation, producing relative hypercapnea
(PC02>45 torr) and sleep related hypoxemia
(Pa02<90%) for at least five minutes (in contrast to
sleep apnea syndromes, with events lasting 10 seconds
to generally less than one minute). SRH is most often
caused by primary pulmonary disorders, neuromuscu-
lar bellows failure, or restrictive chest wall movement
from obesity or kyphoscoliotic disorders. These disor-
ders may cause daytime hypoventilation but frequently
evolve SRH earlier due to sleep-related vulnerability
factors such as supine sleep positioning and REM stage
sleep that lead to relative chest wall paralysis and
dependency on diaphragmatic breathing. SRH may
mediate medical risk via polycythemia, pulmonary
hypertension and right heart failure, or hypercapnic
respiratory failure. SRH therapy necessitates non-inva-
sive positive pressure ventilation, in most instances
titrated during polysomnography. One should strictly
avoid simply adding oxygen therapy alone in certain
common etiologies of SRH including severe COPD or
neuromuscular disorders, since hypercapnea occurs
during chronic respiratory failure and the hypoxic
drive to breathe becomes predominant in this context.
Because the chronically hypoventilating patient has
become reliant on hypoxia to drive breathing, masking
the hypoxic breathing drive with oxygen therapy alone
can actually precipitate acute respiratory failure in
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some individuals. A morning arterial blood gas on
room air following polysomnography is indicated to
assess for potential hypercapnea and assess the impact
of ventilatory support. When there is severe hypercap-
nea with pCO2 of 55 torr or higher, serial arterial
blood gases are necessary to carefully monitor the
impact of bilevel PAP ventilatory support, since noctur-
nal mechanical ventilation may be necessary when
hypercapnea increases due to failing ventilatory efforts.

OSA-Related Neurocognitive Impairment
OSA causes cessation of airflow with resulting hypoxia
and mircoarousals that fragment sleep, leading to non-
restorative sleep and reduced daytime functioning
from sleepiness and cognitive impairment. OSA-relat-
ed sleep fragmentation causes significant morbidity
due to impaired daytime functioning, quality of life,
and driving safety.2 Daytime dysfunction includes
hypersomnia, attentional impairments, and executive
dysfunction.3-5

OSA-related cognitive impairments are common
and broad, including speed of information processing,
attention and working memory, executive functioning,
learning and memory, alertness and sustained atten-
tion, visuospatial learning, motor performance, and
constructional abilities, but OSA largely spares global
cognitive functioning and language.3-6 Attentional
impairments in adult OSA patients are comparable to
the effects of alcohol intoxication.7 In children with
OSA, a clinical state mimicking attention-deficit hyper-
activity disorder (ADHD) often occurs, including inat-
tention, impulsivity, hyperactivity, and aggression.
Vigilance impairments may be enduring or more
momentary, with microsleeps mimicking inattention
or lapses in concentration; deterioration in driver con-
trol over vehicle position and steering has been shown
to occur during microsleep episodes in drivers with
OSA.8 OSA increases crash risk by two-to-three fold,
irrespective of sleepiness or apnea severity.9 Sleep frag-
mentation, hypoxia, or both may mediate these
impairments.6

The course of OSA-related deficits following treat-
ment with nasal continuous positive airway pressure
(CPAP) is variable, but improvements in vigilance,
attention, and reaction time are expected. Treatment

with CPAP reduces subsequent crash risk in commer-
cial drivers by 72 percent, toward a level approaching
the background rate in the general population.10

However, several structural, functional, and magnetic
resonance spectroscopic neuroimaging studies in
treated OSA patients have shown signs of persistent
hippocampal, dorsolateral prefrontal, cingulate, and
posterior parietal neural damage despite nasal CPAP
treatment, suggesting that identification and treat-
ment of OSA should be regarded as a public health
imperative to prevent permanent, irreversible cogni-
tive sequelae of OSA.5,11-12

Co-Morbid OSA in Neurological Disorders
The importance of treating co-morbid OSA in a variety
of neurologic disorders has been steadily gaining
increased recognition, and the spectrum of neurologi-
cal disorders with primary neurological symptoms
reported to improve by treatment of underlying co-
morbid sleep apnea now includes dementia, stroke,
epilepsy, and headache,13-15 and sleep disordered
breathing is quite common in patients with neuromus-
cular disorders.

Dementia. There has been rich speculation that
untreated OSA may be a risk factor for evolution of
dementia, although a recent large community-based
study suggested only negligible influence of moderate
or severe OSA on cognitive function.16-17 The APOE4
allele is associated with both an increased risk of
evolving OSA and Alzheimer’s disease.18-19 One small,
recent study found that APOE4 genotype conferred a
higher risk of memory impairments in older adults
with OSA, but as of yet there has been no conclusive
evidence of an increased risk of future dementia in
those with OSA.20 Curiously, a recent clinical trial in
Alzheimer’s disease and co-morbid OSA suggested that
donepezil improves both OSA severity and cognitive
performance.21

Symptoms of disordered sleep are common even in
those with incipient dementia, with insomnia and
hypersomnia occurring in 20-30 percent of patients.
Between 30-70 percent of those with Alzheimer’s dis-
ease have sleep-disordered breathing.22 Evidence is
conflicting on whether CPAP treatment of co-morbid
OSA in Alzheimer’s disease patients improves cogni-
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tion, although improvements in sleep quality, daytime
sleepiness, and mood appear consistent.13,23-26 It
remains unclear whether patients with Alzheimer’s
disease are able to adequately adhere to CPAP therapy,
but a recent study found comparable rates of adher-
ence in non-depressed Alzheimer patients to those of
cognitively normal patients.27 Larger confirmatory con-
trolled trials of the feasibility, adherence, and efficacy
of CPAP for treatment of co-morbid OSA in
Alzheimer’s disease are needed to further clarify these
observations given conflicting evidence, but until fur-
ther definitive evidence becomes available, offering
treatment with CPAP to patients who are able to com-
ply is certainly reasonable.

Alzheimer patients frequently also suffer from
other co-morbid sleep disorders, including insomnia,
disturbed chronobiology with advanced sleep phase or
non-entrained circadian disturbances of sleep periods,
periodic limb movement disorder, a central hypersom-
nia similar to narcolepsy, and REM sleep behavior dis-
order. Treatment of sleep disordered breathing often
helps reduce the burden of symptoms from these
other sleep problems.

Between 20-50 percent of patients with Diffuse
Lewy Body Disease or Parkinson’s Disease manifest
hypersomnia, and approximately 20 percent of these
patients have OSA.28 Patients with parkinsonism often
derive significant benefits in daytime alertness and
overall functioning with treatment of co-morbid OSA,
although direct neurological benefits on cognitive and
motor functioning are less clear-cut.29 Patients with
parkinsonism, particularly those with Lewy Body
Dementia, are also vulnerable to have a narcolepsy-
like enduring hypersomnia despite treatment of OSA,
so that treatment with adjunctive modafanil may be
necessary to relieve hypersomnia in some individu-
als,28 and REM sleep behavior disorder is commonly
seen in those with parkinsonism, requiring additional
treatment with melatonin or clonazepam in many
cases to prevent injury to the patient or bed partner.

Stroke. OSA raises the risk for stroke and appears
to reduce favorable outcomes from completed stroke,
probably via multiple factors such as the impact of
direct neural injury or extension of vascular penumbra
via repetitive hypoxia and ischemia due to apneic

events, worsened hypertension via autonomic activa-
tion, and vascular endothelial effects favoring
atherothrombosis. CPAP adherence in stroke survivors
is often difficult given neurological deficits that con-
found its use.30 Since OSA is a treatable risk factor for
stroke and a factor in its outcome, identification and
early treatment of OSA are theorized to be helpful in
both the primary and secondary prevention of cere-
brovascular disease, although there are as yet no defin-
itive prospective controlled trial data demonstrating
that treatment of OSA lowers stroke risk.30 Since most
stroke patients spend the majority of their time in bed
in the supine position, a recognized precipitant of
increased apnea severity, some experts have suggested
that positional therapy may be a reasonable treatment
alternative in the acute setting and this approach cer-
tainly warrants future formal prospective research.31

Epilepsy. Patients with epilepsy appear to have more
frequent co-morbid OSA than the general population,
leading to hypersomnia, worsened seizure frequency,
and added health risk.32 Co-morbid OSA may worsen
seizure control, particularly increasing the risk of noc-
turnal seizure burden, by mediating sleep disruption
and deprivation. Epilepsy patients who have OSA are
more often older, heavier, and male.32-33 Treatment of
co-morbid OSA with nasal continuous positive airway
pressure therapy (nCPAP) may provide several benefits
to those with epilepsy, including reduction in apnea-
hypopnea index (AHI), reduced daytime sleepiness,
and improvements in seizure frequency.32-34

Headache. While headache is a relatively common
symptom in OSA, and co-morbid OSA can aggravate
frequency and severity of habitual headaches in
migraineurs, there has been surprisingly little formal
scrutiny of the impact of OSA on headache disorders.
Sleep and headache may be related in several ways, in
that primary headache disorders such as migraine,
cluster, and hypnic headache can be aggravated or
triggered by sleep and sleep disorders, while chronic
daily headaches in the morning hours upon awaken-
ing are commonly associated with OSA.35-36 A history
of OSA should be especially sought in those with clus-
ter headache, given that OSA treatment has been
recently shown to reduce cluster headache frequen-
cy.15 While not directly associated, treatment of OSA
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may occasionally also be helpful in elderly patients
with hypnic headache (“alarm clock headache”), a dis-
tinctive sleep-related migrainoid headache disorder
characterized by frequent headaches arising directly
from sleep within a few hours after bedtime, and typi-
cally although not invariably arising from stage REM.

Neuromuscular disorders. Motor neuron disease,
myasthenia gravis, and myopathies have been associat-
ed with prominent sleep disordered breathing. OSA is
especially frequent in myotonic dystrophy Type 1
(DM1), seen in up to 70 percent of patients, and DM1
patients may also have symptomatic narcolepsy with
prominent hypersomnia.37-39 Patients with neuromuscu-
lar disorders, especially those with myopathy or motor
neuron disease, may evolve sleep related hypoventila-
tion with bellows failure, and usually initially manifest
hypoventilation during sleep, especially during stage
REM. Screening these patients with home overnight
portable oximetry monitoring can be very helpful in
identifying mild early respiratory insufficiency and
implementing appropriate supportive non-invasive
positive pressure ventilation during sleep. ■
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