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Summary

Obstructive sleep apnea (OSA) is a disorder characterized by intermittent upper-airway collapse, which
impairs ventilation and disrupts sleep. Factors that contribute to upper-airway collapse include reduced
upper-airway dilator muscle activity during sleep, specific upper-airway anatomical features, decreased
end-expiratory lung volume, ventilatory control instability, sleep-state instability, and rostral fluid shifts
in the recumbent position. The relative contributions of these factors vary between individuals with
OSA, and this may have implications as to which treatments are efficacious for an individual. OSA is
common in adults; males, older individuals, and the obese are at higher risk. There is uncertainty in how
to measure severity of sleep-disordered breathing, what cut-off to use to demarcate abnormal, and how
to define the clinical syndrome. Identifying patients at higher risk who should have a sleep study is
relatively simple, involving assessment of several factors, such as snoring, witnessed apnea/self-reported
gasping, hypertension, body mass index, and neck circumference. As would be expected from a disorder
that causes morbidity, OSA is associated with substantial economic costs to society, including increased
medical costs. A reduction in medical costs in a diverse adult patient population with OSA after therapy
has not been convincingly demonstrated. Nevertheless, the results of cost-effectiveness analyses strongly
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support the cost-effectiveness of continuous positive airway pressure therapy in patients with moderate
to severe OSA, relative to other standard medical therapies that society is willing to pay for. Key words:
obstructive sleep apnea; OSA; sleep; sleep-disordered breathing; polysomnography. [Respir Care 2010;55(9):
1155–1164. © 2010 Daedalus Enterprises]

Introduction

Obstructive sleep apnea (OSA) is a disorder characterized
by repetitive collapse and reopening of the upper airway dur-
ing sleep. The collapse of the airway impairs ventilation and
can result in intermittent hypoxemia and hypercapnia. During
airway collapse, the resistance to air flow results in increased
respiratory effort and intrathoracic pressure swings. Eventu-
ally, the increased work of breathing results in disruption of
sleep (arousal) and activation of upper-airway muscles that
causes reopening of the airway (Fig. 1).1,2 The repetitive
acute physiologic stress of OSA noted above can result in
symptoms (sleepiness, awakenings) and/or cardiovascular dis-
ease via intermediary mechanisms (Fig. 2).3

The presence and severity of OSA is usually determined
using polysomnography, a test that measures neurologic
(electroencephalogram) and cardio-respiratory parameters
during sleep. Respiratory sensors detect decrements in ven-
tilation that are classified as apneas (near complete cessa-
tion of air flow for �10 s), hypopneas (partial decrease in
air flow for �10 s), or respiratory-effort-related arousals
(subtle changes in air flow due to increased upper-airway
resistance that result in arousals). The apnea-hypopnea
index (AHI) is the commonly used metric of sleep-
disordered breathing (SDB). It is defined as the sum of
apneas and hypopneas during sleep divided by the sleep
time in hours. The following are the cut-offs for severity of
SDB when using the definition for hypopnea recommended
by the American Academy of Sleep Medicine:

Mild: � 5 and � 15 events/hour
Moderate � 15 and � 30 events/hour
Severe � 30 events/hour

Pathogenesis

This topic has been recently reviewed nicely in detail by
Eckert et al.4 A number of factors are known to contribute
to the pathogenesis of OSA, including upper-airway dila-
tor muscle activity during sleep, upper-airway anatomy,
lung volume, ventilatory control stability, sleep state sta-
bility, and rostral fluid shifts. The relative contributions of
each factor vary between individuals with OSA, and this
may have implications as to which treatments are most
efficacious for an individual.4

Dilator Muscle Activity

Dilator muscles stiffen and dilate various regions of the
upper airway, keeping it patent. Activity is reduced during
sleep, leading to narrowing of the upper airway (Fig. 3).5,6

The largest of the dilator muscles is the genioglossus, the
muscle that forms the majority of the body of the tongue.
The genioglossus receives input from the sleep/wake cen-
ters of the brain, respiratory-pattern-generating neurons,
chemoreceptors, and negative pressure receptors in the
airway that can modify its activity.4 Though genioglossus
activity is reduced during sleep, its function can be aug-
mented in response to heightened airway resistance and
hypercapnia through inputs from these centers.7 Other mus-
cles may not have a similar ability to augment their activ-
ity, and as a result the patency of the upper airway be-
comes compromised during sleep.4

Anatomy

Anatomical factors, including increased airway length,
lateral wall thickness, and tongue volume, as well as skel-

Fig. 1. Schematic tracing from polysomnography showing an obstructive apnea event. (Adapted from Reference 2.)
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etal structure, are associated with the presence of OSA.
The role of enlarged soft tissue structures as a risk factor
for OSA has been elegantly demonstrated using sophisti-
cated volumetric analysis techniques with magnetic reso-
nance imaging (Fig. 4).8 The bony enclosure (skull) inter-
acts with soft tissue structures to determine upper-airway
collapsibility.9 A small maxilla and mandible or increased
soft tissue as is found in obesity each can result in a

reduced airway size; the combination will result in an even
smaller lumen size (Fig. 5).9

Lung Volume

Lower end-expiratory lung volume, as occurs in the
setting of obesity, increases the tendency of the upper
airway to collapse. Lower end-expiratory volumes have
been shown to increase airway collapsibility, the continu-
ous positive airway pressure (CPAP) level needed to main-
tain airway patency, and the severity of OSA.10-12 This
effect is thought to be mediated by the decreased “tug” of
the trachea, which stiffens and dilates the upper airway as
lung volumes increase.

Fig. 2. Acute and intermediary mechanisms of obstructive sleep
apnea that contribute to risk of cardiovascular disease. (Adapted
from Reference 3.)

Fig. 3. Schematic diagram of upper-airway muscles (From Refer-
ence 6, with permission.)

Fig. 4. Volumetric reconstructions of the mandible and soft tissue
structures from magnetic resonance imaging. Volumetric recon-
structions from a series of 3-mm contiguous axial magnetic res-
onance images of the mandible (gray), tongue (orange/rust), soft
palate (purple), lateral parapharyngeal fat pads (yellow), and
lateral/posterior pharyngeal walls (green) in a weight-matched nor-
mal subject (top) and a patient with sleep apnea (bottom), both
with an elevated body mass index (BMI, 32.5 kg/m2). Note that the
airway is larger in the normal subject than in the apneic subject.
The tongue, soft palate, and lateral pharyngeal walls are larger in
the patient with sleep apnea. (From Reference 8, with permission.)
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Ventilatory Control Stability

During sleep the respiratory system is under automatic
control; PaCO2

is maintained at a stable level by negative
feedback control. Loop gain, a measure of the stability of
a negative-feedback control system, is defined as the mag-
nitude of response elicited by a stimulus divided by the
magnitude of the perturbing stimulus. High loop gain in
the ventilatory control system is synonymous with unsta-
ble ventilatory control. A system with high loop gain will
tend to perpetuate the effects of a perturbation, while a low
loop gain system will quickly dampen the effects (Fig. 6).13

Persons with OSA generally have greater instability of
ventilatory control and higher loop gain than control sub-
jects.14 Since upper-airway muscles receive input from respi-
ratory control centers, unstable ventilatory drive will cause
greater fluctuation in the activity of these muscles and pro-
mote upper-airway collapse when ventilatory drive is at its
nadir.15 If respiratory drive is eliminated, as in a central ap-
nea, the upper-airway muscles also turn off, resulting in air-
way narrowing. It has been demonstrated that airway collapse
(partial or complete) is common during a central apnea.16

Stability of Sleep

Arousal from sleep in OSA is caused by increasing ven-
tilatory effort.1 While arousal can play a rescue role by open-
ing the blocked airway and resuming ventilation, if it occurs
prematurely it may abort compensatory mechanisms such as
increased pharyngeal dilator activity, which could open the
airway without sleep disruption.13 Arousal from sleep can
engender ventilatory instability by stimulating hyperventila-
tion. As noted earlier, ventilatory instability can in turn pro-
mote upper-airway collapse, thereby worsening OSA.17

Rostral Fluid Shifts

Fluid shifts from the legs to the neck appear to play a role
in the pathogenesis of OSA.18-21 Fluid displacement from the
legs caused by lower body positive pressure has been shown
to reduce upper-airway size and increase collapsibility in
healthy awake subjects.18-20 Further, overnight rostral fluid
displacement from the legs was found to be correlated strongly
with AHI, change in neck circumference, and time spent
sitting, in non-obese, healthy men suspected of having OSA.21

This mechanism may explain findings that lack of exercise is
associated with increased severity of SDB, independent of
measures of body habitus.22 Greater time spent in sedentary
activity may increase lower leg edema and result in more
sleep-related fluid shift to the upper airway.

Genetics

Evidence from racial, familial, and twin studies indi-
cates that OSA has a strong genetic basis, with 35–40% of
variance attributed to genetic factors.23 There is evidence
that genetic determinants of upper-airway muscle activity,
craniofacial structure, obesity, fat distribution, and respi-
ratory control may interact to cause OSA.23 The role of
specific genes in the pathogenesis of OSA remains to be
elucidated, and further studies are needed.23

Implications for Therapy

CPAP is highly efficacious, but a significant proportion of
patients have poor adherence to therapy.24 There is a need for
other therapeutic options for the non-adherent patient. Unfor-
tunately, alternative therapies are not efficacious for signifi-
cant proportions of patients with OSA.25-27 There is variation
between individuals as to the relative importance of specific
pathogenetic mechanisms to the development of OSA. The
identification of the predominant cause(s) for each patient
would allow targeted treatment for that individual. Personal-
ized treatment tailored to the underlying cause(s) can result in
better efficacy for alternative treatments for OSA.28 OSA
caused by a well defined anatomic abnormality, such as en-
larged tonsils, in the absence of other anatomic factors re-
sponds better to uvulopalatopharyngoplasty with tonsillec-
tomy than OSA in the setting of more typical anatomic
findings.29 Oxygen, which reduces loop gain by reducing

Fig. 5. Interaction of soft tissue and bony enclosure determines
airway size. Schematic explanations for the mechanical model of
the pharyngeal airway. Ptissue is the pressure surrounding the col-
lapsible tube. (From Reference 9, with permission.)

Fig. 6. Loop gain and the perpetuation of respiratory disturbance.
The ventilatory response to an apnea (first disturbance in both
curves) is demonstrated for (A) an individual with a loop gain of 0.5
and (B) an individual with a loop gain of 1.0. In A, ventilation
quickly returns to a regular pattern, whereas in B a sustained
oscillation is established. (From Reference 13, with permission.)
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respiratory drive, improves AHI in OSA patients with high
loop gain more significantly than in patients with low loop
gain.30 Theoretically, individuals with defects in airway tone
may respond more favorably to medications that augment
dilator muscle activity.31 Hypnotics may improve OSA in
patients with a low arousal threshold that causes premature
sleep disruption, by allowing time for compensatory airway
muscle activity to increase.

Epidemiology

Prevalence

OSA, when defined physiologically as increased ob-
structive breathing events during sleep, is very common in
adults. In the Wisconsin Sleep Cohort, a stratified random
sample of Wisconsin state employees ages 30–60 years,
the prevalence of OSA defined by an AHI � 5 events/hour
was 9% in women and 24% in men.32 When defined as a
clinical syndrome (the combination of AHI � 5 events/
hour and significant self-reported sleepiness), OSA was
still relatively common in that cohort, with a prevalence of
2% in women and 4% in men. A number of other studies
in diverse populations have provided similar prevalence
estimates for the clinical syndrome (Table 1).33-39

Despite concordance between studies, there remains un-
certainty as to what is the true prevalence of the clinical
syndrome. This stems from a lack of clarity on the best metric
of SDB, what cut-off distinguishes normal from a pathologic
frequency of SDB, and the appropriate definition of the clin-
ical syndrome.

There is heterogeneity in the definition of AHI, particu-
larly the definition of hypopnea. The American Academy of
Sleep Medicine scoring manual provides 2 acceptable defi-
nitions: a recommended one that requires a � 30% decline in
nasal-pressure-transducer signal excursions with a � 4% de-
saturation from pre-event baseline, and an alternative option
that requires a � 50% decline in nasal-pressure-transducer
signal excursions with a � 3% desaturation or arousal.40

Using different definitions for hypopnea can produce widely
different prevalence estimates. In the Sleep Heart Health Study
the median AHI was approximately 3-fold higher and the
prevalence of moderate to severe OSA was 2-fold higher
when hypopneas with � 3% desaturations or arousals were
scored than when a � 4% oxygen desaturation was required
for hypopnea scoring.41

Choosing a single best metric is complicated by the fact
that no single polysomnography index is best associated with
all the various negative outcomes of OSA. There is also
discordance between research studies as to the relationship
between specific metrics of SDB and specific outcomes. For
example, results from the Cleveland Family Study indicated
that the arousal index was more strongly associated with
hypertension than was the AHI. In contrast, analyses from the
Sleep Heart Health Study found the frequency of hypopneas
with � 4% desaturations (not hypopneas defined using arous-
als or lesser degrees of oxygen desaturation) was signifi-
cantly associated with self-reported cardiovascular dis-
ease.42,43 Analyses from the Sleep Heart Health Study and
Cleveland Family Study concur that sleep-related hypoxemia
is associated with impaired glucose tolerance.42,44

Though an AHI cut-off of 5 events/hour has traditionally
been used to demarcate abnormal, this cut-off does not have
a strong evidence basis to support its use. In the Wisconsin
Sleep Cohort, subjects with AHI values between 0.1 and
4.9 events/hour had 1.4 times the odds of incident hyperten-
sion, relative to subjects with AHI equal to zero in fully
adjusted models.45 Cross-sectional analyses from the Sleep
Heart Health Study indicate that 54% of subjects with
AHI � 15 events/hour did not have subjective complaints of
sleepiness or being unrested.46 SDB may lead to certain out-
comes at different levels of severity, based on individual
susceptibility.

An evidence-based metric and cut-off of SDB would
allow a better estimation of the true prevalence of OSA.
The estimation of the prevalence of the clinical syndrome

Table 1. Studies on the Prevalence of Obstructive Sleep Apnea

Prevalence (%)

Country First Author N Ethnicity Diagnostic Method Men Women

United States Young32 602 White Polysomnography 4.0 2.0
United States Bixler33 1,741 White Polysomnography 3.9 1.2
Australia Bearpark34 485 White MESAM IV* 3.1 ND
India Udwadia35 250 Indian Polysomnography 7.5 4.5
China Ip36 258 Chinese Polysomnography 4.1 ND
China Ip37 ND Chinese Polysomnography ND 2.1
Korea Kim38 457 Korean Polysomnography 4.5 2.3

* MESAM IV (Madaus, Marburg, Germany) is a portable sleep monitoring system.
ND � no data available
(Adapted from Reference 39.)
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caused by OSA necessitates the identification of individ-
uals with a negative outcome caused by OSA. The Wis-
consin Sleep Cohort used subjective sleepiness as the sole
outcome.32 It is known that OSA is associated with a range
of negative outcomes, including sleepiness, sleep disrup-
tion, cognitive dysfunction, and cardiovascular disease.39

It is reasonable to label individuals with OSA and any of
these outcomes as having the clinical syndrome if it can be
ascertained that OSA is the cause. The difficulty arises in
determining whether the outcome was caused by OSA.
Further research addressing the factors that introduce am-
biguity into establishing the true prevalence of the syn-
drome is needed, including the exploration of novel met-
rics of SDB and biomarkers to define the clinical syndrome.

Sex

Most population based-studies have found a 2–3-fold
higher prevalence of OSA in males than in females.39 The
male predominance in population studies may be related to
sex-related differences in upper-airway anatomy and func-
tion, obesity and fat distribution, ventilatory control, and
hormonal status.47 The ratio of men to women diagnosed
in sleep centers is even more skewed toward men, with
reported ratios of 8:1 and higher.47 There is a tendency to
under-diagnose women in clinical practice, despite the pres-
ence of key OSA symptoms.48 Also sex differences in
clinical manifestation, including less severe OSA, more
frequent report of non-specific symptoms, and presenta-
tion with more coexisting problems in women, may lead
clinicians to consider other diagnoses.47 The impact of sex
on outcomes associated with OSA and response to therapy
remains to be answered.47

Obesity

Obesity is a strong risk factor for OSA. In the Sleep
Heart Health Study the prevalence of moderate to severe
OSA was 3-fold higher in the highest quartile of body
mass index (BMI), relative to the lowest.49 The causative
role of obesity is highlighted by epidemiologic studies that
have correlated changes in OSA with changes in weight
over time. The Wisconsin Sleep Cohort found an approx-
imately 3% change in OSA severity for every 1% change
in weight over a 4-year period.50 The Sleep Heart Health
Study found AHI was changed with weight change over a
5-year period, but the slope of change was greater in men
than in women, and the slope of change was greater with
weight increase than with weight decrease (Fig. 7).51 Obe-
sity is postulated to cause OSA via mechanical effects on
airway size and lung volume, and may also have neural
effects that blunt the neuromuscular response.52,53

Age

The prevalence of OSA has been shown to increase with
age in adults, up to the age 65.39,49 This age-related in-
crease has been attributed to parapharyngeal fat deposi-
tion, soft palate-lengthening, and changes in other para-
pharyngeal structures.39 Some authors have suggested that
the clinical presentation of OSA in the elderly is different
and that the cardiovascular consequences may be less se-
vere. In the Sleep Heart Health Study, SDB in older people
was poorly predicted by obesity, neck circumference, and
self-reported apneas.49 There has been heterogeneity in the
results of studies examining the relationship between mor-
bidity and mortality and OSA in older adults. More study
is needed, as some researchers report little or no associa-
tion, while others report increased risk.39

Identifying Persons at Higher Risk for Obstructive
Sleep Apnea

Persons at higher risk for OSA can be identified by con-
sidering demographic characteristics as well as body mea-
surements, and bed partner observations (Table 2).49 Men
and older individuals are more likely to have OSA. Increased
BMI and neck circumference (measured just below the thy-
roid cartilage) are measurements that identify individuals with
obesity and fat deposition around the upper airway who are at
increased risk of having OSA. Snoring, when habitual (oc-
curring most nights), and especially when loud, is a very
useful sign. Breathing pauses witnessed by a bed partner are
a very specific indicator. A number of studies have developed
clinical prediction rules to indentify individuals with OSA54-57

Clinical prediction rules that incorporate features such as snor-
ing, witnessed apnea/self reported gasping, hypertension, BMI
or neck circumference, and sex have moderate to high sen-
sitivity and specificity in identifying individuals at risk for
moderate to severe OSA.55 Individuals with several of these
features, as well as others who are suspected of having OSA
on the basis of less classic findings, should undergo poly-
somnography to confirm the presence and severity of SDB.

Fig. 7. Change in respiratory disturbance index by change in weight
in the Sleep Heart Health Study. (Adapted from Reference 51.)
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In addition to the key predictive symptoms mentioned
above, patients with OSA often complain of a host of other
symptoms. These include nighttime symptoms such as dys-
pnea, restless sleep, nocturia, diaphoresis, and reflux, and
daytime complaints such as sleepiness, fatigue, morning
headaches, impaired concentration, decreased libido, and
depression. Findings frequently noted on examination of
the upper airway include posterior lateral wall narrowing;
enlarged tonsils, tongue, and/or uvula; low-lying soft pal-
ate; and retrognathia.58 Particularly in patients with coex-
isting cardiopulmonary disease or hypoventilation, lower
extremity-edema may be present.

Economics

Costs of Obstructive Sleep Apnea

OSA has a substantial economic impact on society. Po-
tential costs attributable to OSA include the costs of di-
agnosis and treatment, the decrement in quality of life, the
medical consequences, motor vehicle accidents, and occu-
pational losses (Fig. 8). Studies have estimated some of
these costs to be in the billions. OSA-related motor vehicle
collisions in 2000 were estimated to cost $15.9 billion.59

OSA is hypothesized to increase medical costs, since the
disorder can have harmful and costly multi-organ conse-
quences. Studies have documented an approximately 2-fold
increase in medical costs prior to diagnosis in patients
identified clinically with OSA, relative to control groups
matched for age, sex, residence, and in some cases, family
physician and obesity.60 For example, in a consecutive
series of 238 cases identified in a health-maintenance or-
ganization (HMO), in the year prior to the diagnosis of
OSA, mean annual medical cost per patient was $2,720,

versus $1,384 for age and sex matched controls (P � .01).61

Regression analysis showed that the AHI among cases was
significantly related to annual medical costs after adjusting
for age, sex, and BMI. This study estimated the annual
cost of treating the medical consequences of OSA at $3.4
billion in the United States.61

Does Treatment Reduce Medical Costs?

Investigators have used quasi-experimental designs (sub-
jects not randomized with respect to treatment) to answer
this question.62-64 When using this type of study design, it
is important that the intervention group be compared to an
untreated OSA group identified similarly to avoid threats
to validity such as regression to the mean. High healthcare
use may predispose to the identification of OSA and in-
validate findings.60 Appropriately designed and analyzed
studies on this topic are rare. One such study included 54
patients with cardiopulmonary disease and OSA.64 In the
2 years following treatment, hospitalizations were de-
creased in patients using CPAP and increased in patients
who did not use CPAP (Fig. 9).65 In adults, a reduction in
healthcare costs after treatment has not been demonstrated
in a less restricted OSA group (without requirement for
comorbid illness), in comparison to an untreated OSA con-
trol group, though cost reduction has been shown in a
pediatric population.60

A longitudinal, case-control study conducted at a health
maintenance organization in Israel compared children who
had OSA and were treated with tonsillectomy and ade-
noidectomy, to children who had OSA and did not un-
dergo surgery, and to control subjects who were matched
by age, sex, and area of residency.66 Healthcare utilization
was compared between one year before and one year after
tonsillectomy and adenoidectomy. Total annual health care
costs were reduced by one third in children who under-
went tonsillectomy and adenoidectomy, whereas there was

Table 2. Odds Ratios for Moderate to Severe Obstructive Sleep
Apnea, From the Sleep Heart Health Study

Feature Odds Ratio*

Male 1.51
Age (10-y increment) 1.52
BMI (5.3-kg/m2 increment) 1.55
Neck girth (1.7-inch increment) 1.42
Snoring frequency

Moderate (� 3 nights/wk) 1.02
Habitual (3–7 nights/wk) 1.75

Snoring loudness
Somewhat loud 1.42
Extremely loud 2.21

Breathing pauses
Sometimes 1.43
Often 2.47

* Adjusted for all features listed plus race and waist to hip ratio.
(Data from Reference 49.)

Fig. 8. Economic costs of obstructive sleep apnea (OSA).
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no change in the control and untreated OSA groups.66 A
greater reduction in costs was noted in children with mod-
erate to severe OSA than in those with mild to moderate
OSA. The treated group showed decreases in otolaryngol-
ogy and pulmonary specialty visits and 25% reduction in
medication costs, while costs for these items were un-
changed or increased in other groups.66 These results can
not be generalized to adults, given the differences in patho-
genesis and pathophysiology between OSA in adults and
children, as well as the differences in the therapies that are
commonly used (CPAP vs tonsillectomy) and the effec-
tiveness of those therapies. Appropriately designed and
analyzed studies on this topic in adults are needed.

Cost-Effectiveness Analysis

Cost-effectiveness analysis is an analytic method that is
used to identify interventions that offer the maximum health
benefit per dollar spent.60,67 Cost-effectiveness analysis
compares interventions on the differences in costs needed
to provide an additional unit of a quality-adjusted life year
gained, to allow comparisons across different diseases and
health states.60 The results of cost-effectiveness analysis
studies have provided estimates, from a payer perspective,
ranging from $2,000–11,000 per quality-adjusted life year
over 5 years for treating moderate to severe OSA in a sleep
clinic population.60 These values compare favorably to
other generally accepted medical interventions such as com-
prehensive diabetes care (Table 3).67,68

Summary

OSA is a disorder characterized by intermittent impair-
ment of ventilation during sleep due to upper-airway col-

lapse. A number of factors are known to contribute to upper-
airway collapse, including reduced upper-airway dilator
muscle activity during sleep, upper-airway anatomy, de-
creased end-expiratory lung volume, ventilatory control in-
stability, sleep state instability, and rostral fluid shifts. There
is evidence that some of these factors are genetically con-
trolled. The relative contributions of these factors vary be-
tween individuals with OSA, and this may have implications
as to which treatments are efficacious for an individual.

OSA is common in adults, with men, older individuals,
and the obese being at higher risk. Identification of pa-
tients needing evaluation by sleep study is relatively sim-
ple and involves assessment of several factors such as
snoring, witnessed apnea/self reported-gasping, hyperten-
sion, BMI, and neck circumference.

OSA is associated with a substantial economic burden,
including increased medical costs. In adults, a reduction in

Table 3. Cost-Effectiveness of a Variety of Clinical Interventions

Intervention $/QALY

CPAP therapy for moderate to severe OSA $2,000–11,000
Pediatric immunization $1,000–3,000
Breast cancer screening $5,000–19,000
Hypertension control $10,000–57,000
Comprehensive diabetes care Cost saving—$34,000
Anti-depressant medication Cost saving—$23,600

QALY � quality-adjusted life year
OSA � obstructive sleep apnea
CPAP � continuous positive airway pressure
(Adapted from Reference 68.)

Fig. 9. In-hospital days in patients with obstructive sleep apnea (OSA) and cardiopulmonary diseases 2 years before and after prescription
of continuous positive expiratory pressure (CPAP). The total number of in-hospital days for patients with obstructive sleep apnea syndrome
and cardiovascular or pulmonary diseases during 2 years prior to treatment with nasal CPAP, as compared to 2 years after the nasal CPAP
prescription. Shown are data from nasal CPAP users and patients non-adherent to treatment (non-users) with acute hospitalization due to
cardiovascular pulmonary disease. Statistics by Wilcoxon signed-rank test. (Adapted from Reference 65, with permission.)
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medical costs in a diverse patient population with OSA
after therapy has not been convincingly demonstrated. How-
ever, the results of cost-effectiveness analyses strongly
support the value to society of CPAP therapy in patients
with moderate to severe OSA relative to other commonly
accepted treatments for other conditions.
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Discussion

Parthasarathy: Looking at it from
a physiological standpoint, in terms of
the metric for OSA, we try to quantify
the insult due to upper-airway collapse
as the frequency or the number of
events per hour, but someone could
have a 110-second-long apnea, such
as a patient with a neuromuscular dis-
order, wherein counting the number

of events per hour doesn’t do justice
to the duration of every event. You
could have 10-second events, as op-
posed to 110-second events, and the
numbers in terms of index would ac-
tually tell the opposite of what the
physiological insult is. It’s probably
pretty late in the game to think about
that, but since you’re talking about
metrics, I’m wondering whether we
can derive a composite index that

quantifies not only the number of
events but also the duration. Is that
feasible?

Kapur: I’m not aware whether that’s
been looked at, but I think it would
befeasible. I think the issue is that there
are different insults happening with
sleep-disordered breathing, whether
it’s intrathoracic pressure changes,
fluctuations in saturation, arousal, or
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sympathetic nervous system activa-
tion. We may not have one best met-
ric to assess all those things.

My bias in terms of the AASM
[American Academy of Sleep Medi-
cine] standard scoring criteria for hy-
popnea is that it’s a terrible criteria
when you’re dealing with people with
sleepiness, because in clinical prac-
tice we see individuals all the time
who have minimal or no desaturations,
lots of events, and are sleepy. So those
criteria really fall short from the per-
spective of a clinician who is trying to
improve quality of life. On the other
hand, a lot of the cardiovascular data
come from studies that used 4% de-
saturation to qualify hypopnea. The
strength of using the AASM standard
criteria is that when I talk to a patient
I can say, “Well, from the studies, this
is what your cardiovascular risk might
be.”

Quan: One big issue from a clini-
cian’s perspective and a research per-
spective is that many individuals with
sleep apnea are not sleepy.1 In the
Sleep Heart Health Study2 approxi-
mately 50% of the people who had at
least a moderately elevated respiratory
disturbance index [RDI] were not
sleepy. We see these people all the
time in clinic; people get referred to
you and they somehow get a sleep
study. Then you’ll have someone with
an elevated RDI of 50 and you talk to
them and they say, “I don’t fall asleep
and I’m definitely not sleepy; the only
reason I’m here is because my wife
dragged me here.”

We really don’t know what to do
with these people. To someone with
an RDI of 50 you will probably tell
them they need to wear CPAP because
they’re at increased risk for heart dis-
ease. But with many people with lower
RDIs we really don’t know what to do
because they don’t want to wear
CPAP, they don’t want to get an oral
appliance, and they certainly don’t
want surgery. We don’t know what
the health or economic implications

are for these people. I think that’s a
major issue.

1. Kapur VK, Baldwin CM, Resnick HE, Got-
tlieb DJ, Nieto FJ. Sleepiness in patients with
moderate to severe sleep-disordered breath-
ing. Sleep 2005; 28(4):472-477.

2. Kapur VK, Resnick HE, Gottlieb DJ; Sleep
Heart Health Study Group. Sleep-disordered
breathing and hypertension: does self-
reported sleepiness modify the association?
Sleep 2008;31(8):1127-1132.

Kuna: I was thinking about the
pathophysiology of the upper airway
and remembering that we used to think
of it as a donut. Initially, everybody
(including myself) was looking at the
hole of the donut and analyzing the
size of the hole. Eventually we real-
ized that the volume of the soft tissues
surrounding walls of the airway was
an important determinant of airway
size. I think the direction the field is
taking now is to combine those con-
cepts and model the pharynx as a box.
The soft tissues and the airway are
encased within the mandible, the max-
illa, and the hard palate. It’s a fixed
box. With this model the ratio of soft
tissue volume to the box size dictates
the size of the airway. Recent evidence
indicates that the size of these upper
airway bony and soft tissue structures
is based on genetics and obesity. The
size of the box relative to the size of
the tongue and lateral walls dictates
the size of the airway and determines
the OSA risk.

Kapur: Yes, I think genetics is a
big player in pathogenesis. What do
you think about the notion that, be-
yond genetics, the patterns set up in
childhood, in terms of obstruction due
to congestion and mouth breathing ver-
sus nasal breathing, may influence de-
velopment of sleep apnea?

Kuna: The pediatricians may be able
to help us out here, but in listening to
those lectures it seemed to me that
those events early in childhood alter
upper airway structure and bone struc-
ture. Do the bilateral tonsil or adenoid

hypertrophy in childhood lead to
changes in upper airway structure that
perhaps predisposes them to OSA later
in life?

Pierson:* I also have a comment on
the upper airway. I was intrigued by
your pointing out the relationship be-
tween upper airway volume and lung
volume. I have a hard time seeing how
mechanically the two could be related
very much, and I wonder if you have
any further comments. For example,
are there studies of any aspect of neu-
ral activity related to different lung
volumes? I’m interested in this be-
cause of the potential implications for
why CPAP might help, and at a rela-
tive low CPAP level with a compliant
respiratory system.

Kapur: Classically, the explanation
that’s been given is that tracheal tug is
the mechanism; when you have higher
lung volumes, you’re tugging on your
trachea and making the upper airways
stiffer.

Pierson: But is there evidence that
the configuration of the upper airway,
other than just the upper trachea, is
affected by changes in lung volume?

Quan: David, I believe that David
White and Atul have studied the me-
chanics of the upper airway with
changes in lung volume.1,2 Bob, did
you do a study as well?

1. Stanchina ML, Malhotra A, Fogel RB,
Trinder J, Edwards JK, Schory K, White DP.
The influence of lung volume on pharyngeal
mechanics, collapsibility, and genioglossus
muscle activation during sleep. Sleep 2003;
26(7):851-856.

2. Heinzer RC, Stanchina ML, Malhotra A, Fo-
gel RB, Patel SR, Jordan AS, et al. Lung
volume and continuous positive airway pres-
sure requirements in obstructive sleep ap-

* David J Pierson MD FAARC, Division of
Pulmonary and Critical Care Medicine, Depart-
ment of Medicine, Harborview Medical Center,
University of Washington, Seattle, Washington.
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nea. Am J Respir Crit Care Med 2005;172(1):
114-117.

Owens: Yes, we looked at the im-
pact of lung volumes on the upper air-
way.1 Exactly as you said, the hypoth-
esis is that as lung volume expands,
tracheal traction is exerted on the up-
per airway. This may cause unfolding
of the upper airway, or stiffen the
walls, and improve the mechanics of
the upper airway. There may be neu-
rological inputs, but that’s not been
well studied. The direct mechanical
effect is pretty large in terms of mea-
surements such as the pharyngeal crit-
ical pressure. A change in lung vol-
ume of about 500 mL will improve
the pharyngeal critical pressure by 3
or 4 cm H2O, so you can move some-
body who’s a snorer or has mild OSA
into just a pure snorer or not a snorer
at all.

1. Owens RL, Malhotra A, Eckert DJ, White
DP, Jordan AS. The influence of end-
expiratory lung volume on measurements of
pharyngeal collapsibility. J Appl Physiol
2010;108(2):445-451.

Pierson: I was thinking of the re-
flexes between the various aspects of
the upper airway and cough and var-
ious neurally mediated things in the
airways.

Owens: We are looking at that in an
ongoing trial of asthma and OSA pa-
tients. At least in animals, repetitive
irritation of the upper airway increased
the lower airway resistance.1

1. Nadel JA, Widdicombe JG. Reflex effects
of upper airway irritation on total lung re-
sistance and blood pressure. J Appl Physiol
1962;17:861-865.

Patil: Regarding Dr Pierson’s com-
ment on why a low level of CPAP
may be effective in some patients with
substantial sleep apnea, it may be in
that particular situation less of an is-
sue of lung volume, but perhaps just
stabilizing the airway to some degree
in certain patients who have a rather

excessive response to disturbances in
airflow, individuals with a high loop
gain—if you’re able to just stabilize
the airway sufficiently, these individ-
uals may require a relatively low CPAP
pressure to prevent a series of apneas
and hypopneas.

Kuna: Moving on to epidemiology,
I wonder if it’s time to do another
epidemiologic study in the United
States? The data we are quoting are a
quarter century old, and during that
time we’ve had an epidemic of obe-
sity. Sleep apnea is already recognized
as a major public health issue, but I
think if another epidemiologic study
were done today, it’s importance
would move up.

Kapur: I agree. The prevalence
would be higher. We have some data
on the incidence of OSA from the
Sleep Heart Health Study1 and from
Susan Redline’s group,2 and they’re
finding that people go from having an
AHI of 5 to 15 events per hour, and it
might be as high as 10% of the pop-
ulation over several years. On the other
hand there are individuals whose AHI
regresses; there may be 8% who go
the other way. Over time there is a net
increase in prevalence. But I agree; if
you did the same study now, we’d find
a higher prevalence.

1. Newman AB, Foster G, Givelber R, Nieto
FJ, Redline S, Young T. Progression and
regression of sleep-disordered breathing with
changes in weight: the Sleep Heart Health
Study. Arch Intern Med 2005;165(20):2408-
2413.

2. Tishler PV, Larkin EK, Schluchter MD, Red-
line S. Incidence of sleep-disordered breath-
ing in an urban adult population: the relative
importance of risk factors in the develop-
ment of sleep-disordered breathing. JAMA
2003;289(17):2230-2237.

Gozal: Regarding the prevalence of
obesity, at least in pediatrics, we did a
study that found that one of the major
contributors to AHI was BMI in chil-
dren. In the pediatric sleep clinic al-
most 50% of our patients are obese,
not just overweight. So it has been

very problematic for our field, because
we see either overweight or severely
obese kids, and it’s very unfortunate
because it comes with different con-
sequences adding to the OSA preva-
lence. So the question is whether OSA
is causing the obesity or is obesity
helping the OSA to get worse? We’re
still battling between the two.

1. Dayyat E, Kheirandish-Gozal L, Sans Cap-
devila O, Maarafeya MM, Gozal D. Obstruc-
tive sleep apnea in children: relative contri-
butions of BMI and adenotonsil lar
hypertrophy. Chest 2009;136(1):137-144.

Quan: I’d like to reinforce what
Leila said. In a longitudinal follow-up
of our Tucson Children’s Assessment
of Sleep Apnea Study1 we found that
one of the big factors in determining
prevalent OSA when we initially stud-
ied children in the 6–12-year age group
and subsequently when they become
adolescents 5 years later was increase
in BMI.

Vishesh, you mentioned how obe-
sity predisposes to sleep apnea. It is
possible that sleep apnea may actually
beget obesity. We have some data2

from the Sleep Heart Health Study that
was presented at last year’s Associ-
ated Professional Sleep Societies
meeting suggesting this. So I do think
it’s a two-way street here.

1. Goodwin JL Vasquez, MM, Silva GE, Quan
SF. Incidence and remission of sleep-
disordered breathing and related symptoms
in 6- to 17-year-old children. The Tucson
Children’s Assessment of Sleep Apnea
Study. J Pediatr 2010:157(1):57–61.

2. Brown MA, Goodwin JL, Silva E, Behari A,
Newman AB, Punjabi NM, et al. Sleep-dis-
ordered breathing and weight gain: the Sleep
Heart Health Study (abstract). Sleep 2009;
32(Suppl):A170.

Carlin: In dealing with primary care
providers we need to disseminate the
information that the overall incidence
of OSA is 3–4% in the general pop-
ulation. We also need to educate pro-
viders that patients who have an AHI
of less than 5 but who have important
symptoms, such as daytime sleepiness,
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may be candidates for a trial of posi-
tive airway pressure therapy, to see if
it improves their symptoms. We need
to link the clinical evaluation with the
sleep study results. Does anyone have
any recommendations regarding such
a “guideline?”

Kheirandish-Gozal: I will tackle
that in my lecture tomorrow, for the
pediatric population.

Parthasarathy: Regarding the
sleepy versus the non-sleepy apneic,
didn’t the Sleep Heart Health longitu-
dinal analysis1 suggest that it was only
the sleepy apneics who had cardio-
vascular mobility?

1. Punjabi NM, Caffo BS, Goodwin JL, Got-
tlieb DJ, Newman AB, O’Connor GT, et al.
Sleep-disordered breathing and mortality: a
prospective cohort study. PLoS Med 2009;
6(8):e1000132.

Kapur: I did a cross-sectional study1

on the Sleep Heart Health Study co-
hort and found a difference between
prevalent hypertension in sleepy and
non-sleepy subjects with sleep apnea.
But I think the subsequent longitudi-
nal analyses did not show a difference
in incident hypertension between the
sleepy and the non-sleepy apneics.2

1. Kapur VK, Resnick HE, Gottlieb DJ; Sleep
Heart Health Study Group. Sleep-disordered
breathing and hypertension: does self-
reported sleepiness modify the association?
Sleep 2008;31(8):1127-1132.

2. O’Connor GT, Caffo B, Newman AB, Quan
SF, Rapoport DM, Redline S, et al. Prospec-
tive study of sleep-disordered breathing and
hypertension: the Sleep Heart Health Study.
Am J Respir Crit Care Med 2009;179(12):
1159-1164.

Parthasarathy: So were there some
non-sleepy patients who transitioned
into the sleepy category over the lon-
gitudinal period? At the World Con-
gress of Sleep Apnea, Naresh Punjabi
explained the possible reasons for neg-
ative trials when considering the ef-
fect of CPAP treatment on glycemic

control in patients suffering from both
OSA and diabetes mellitus. His con-
cern was that by the time they mani-
fest overt diabetes it is too late in the
disease process to do anything about
it. So he is talking about treating pre-
diabetics with sleep apnea and prevent-
ing the occurrence of overt diabetes. In
the same fashion, the question could be
raised as to whether some of these non-
sleepy apneics could transition into be-
ing sleepy apneics from sequential pro-
gression of the disease? And could early
disease modification or intervention af-
fect the disease progression?

Quan: I don’t think the Sleep Heart
Health Study1 or other trials2,3 answer
whether it’s a natural progression in
non-sleepy people. Certainly the issue
of early intervention is important, and
tomorrow I’ll talk about an interven-
tion trial, HeartBEAT,4 in which early
intervention is one of the issues.
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Minkley:† Regarding the measure-
ment of sleepiness, it’s pretty well ac-
cepted that we aren’t very good judges
of sleepiness, and we have some dif-
ferent objective and subjective mea-

surements available. When you look
at societal economics, one of the high
costs of sleepiness is occupational ac-
cidents. I’m wondering about the in-
tegration of more performance-based
measurements. It is my understanding
that there isn’t a great correlation be-
tween our current measurements of
sleepiness and performance. In the fu-
ture do you see more discrete mea-
sures, such as performance and vigi-
lance tests correlated to specific job-
performance tasks so there is better
correlation into daily life and how that
correlation might help us target treat-
ment and control the economic costs?

Kapur: To expand on your com-
ments, one frustration is when people
believe that sleepiness equals an abnor-
mal Epworth sleepiness score. We all
know that sleepiness has many facets to
it, and even the subjective component
has different facets. It could be that
you’re falling asleep unintentionally and
recognizing it or not recognizing it, or it
could be you’re just feeling sleepy and
fatigued. I want to get the word out to
our trainees and others not to misuse the
Epworth scale. Also, getting some func-
tional measures, as you suggest, would
be useful to get a more complete picture
of how the sleepiness is affecting daily
activities.

Minkley: I think that’s really key. In
the sleep center patients often tell us
things they don’t tell their doctor, be-
cause they don’t think it’s important
enough to use the doctor’s time. They’ll
tell us stories of falling asleep on the
way to work and having people call them
tokeepthemawake,but theydidn’tmen-
tion it to their doctor because they
thought it was just because they work
hard. Capturing these stories and creat-
ing a partnership between the different
groups who work with the patients to be
sure there’s good information flow is, I
think, a key to capturing the true impact
of untreated OSA.

† Pamela Minkley RRT RPSGT CPFT, Home
Healthcare Solutions, Philips Respironics, Mon-
roeville, Pennsylvania.
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