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SUMMARY

This review summarizes the recent literature on the epidemiology of adult obstructive sleep apnea
(OSA) from various population-based studies. Despite methodologic differences, comparisons have
yielded similar prevalence rates of the OSA syndrome in various geographic regions and amongst a
number of ethnic groups. Risk factors for OSA including obesity, aging, gender, menopause, and
ethnicity are analyzed. We also provide discussion on adverse medical conditions associated with
OSA including hypertension, stroke, congestive heart failure, coronary artery disease, cardiovascular
mortality, insulin resistance, and neurocognitive dysfunction. Finally with the progression of the
global obesity epidemic, we focus on the economic health care burden of OSA and the importance
of recognizing the largely undiagnosed OSA population with emphasis on strategies to improve
access to diagnostic resources.
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INTRODUCTION

Several population-based studies across various geographical regions and ethnic groups have
established a high prevalence of OSA. This epidemic of OSA is closely related to the obesity
epidemic—an important public health related condition facing adults globally. In the United
States in 2004, the estimated prevalence of adult obesity, classified as a body mass index (BMI)
over 30 kg/m2, was more than 30% and the prevalence of extreme obesity (BMI > 40 kg/m?)
was 2.8% in men and 6.7% in women [1]. Associated health care expenditures in obese
individuals is 36% higher than normal weight persons, and it has been estimated that up to 7%
of the annual health care expenditures is related to obesity [2,3]. Obesity is a well-recognized
risk factor for a variety of medical conditions such as OSA, type 2 diabetes, cardiovascular
diseases, hyperlipidemia, metabolic syndrome, and nonalcoholic fatty liver disease [4].

OSA, characterized by recurrent episodes of complete or partial obstruction of the upper airway
during sleep, has widely gained interest since its initial description more than 40 years ago. A
multitude of studies have estimated the prevalence of OSA in the general population and in
the process, uncovered the despairingly large proportion of those unrecognized. In fact, up to
80% of cases of moderate or severe OSA have gone undiagnosed despite adequate access to
health care [5—7]. Even more striking is the number of health related conditions implicated
with OSA including diminished neurocognitive function, increased risk of motor vehicle
accidents, reduced quality of life, hypertension, insulin resistance, and cardiovascular diseases
[7.8].

In this article, we review the most recent literature on the epidemiology of OSA in adults with
an in-depth discussion of both prevalence and incidence of disease. We also discuss the
different risk factors implicated with OSA with emphasis on obesity, aging, gender,
menopause, and ethnicity. We also provide an overview of the many adverse health related
medical conditions associated with OSA ranging from cardiovascular diseases to insulin
resistance. Other sleep disorders such as central sleep apnea and Cheyne-Stokes respirations
are beyond the scope of this review article and will not be discussed. Finally, we highlight the
importance of identifying the largely undiagnosed and untreated population with OSA. By
understanding the epidemiology of OSA and its associated health conditions, health care
providers can appreciate the public health burden of OSA and prioritize the allocation of
resources to diagnose and treat this disease.

OVERVIEW OF OBSTRUCTIVE SLEEP APNEA

Definition

OSA consists of decreased airflow due to repetitive complete or partial obstruction of the upper
airway associated with progressive respiratory effort to overcome the obstruction. These
obstructive respiratory events are typically associated with cortical microarousals and oxygen
desaturation leading to sleep fragmentation and increased sympathetic neural activity [9].
Clinical symptoms suggestive of OSA include loud snoring, witnessed breathing pauses by a
bed-partner, choking or gasping during sleep, morning headaches, insomnia, and daytime
sleepiness. Obstructive apneas are defined as complete or near complete cessation of airflow
due to upper airway collapse lasting at least 10 seconds. Obstructive hypopneas are
characterized by either a > 30% decrease in airflow from baseline lasting at least 10 seconds
associated with a 4% oxygen desaturation or a decrease in flow by > 50% of baseline for at
least 10 seconds associated with either a 3% oxygen desaturation or electroencephalographic
criteria for a cortical microarousal from sleep [10]. Both obstructive apneas and hypopneas are
associated with continued respiratory effort distinguishing them from central apneas [11].
Although hypopneas constitute the majority of obstructive respiratory events observed in
patients with OSA, significant controversy persists around how best to define these partial
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upper airway obstructive events. A recent epidemiologic study demonstrated that only
hypopneas that were accompanied by at least a 4% oxygen desaturation were independently
associated with cardiovascular disease [12].

The standard diagnostic test for OSA is an overnight polysomnogram. This study involves
several measured physiologic recordings such as electroencephalogram, electrooculogram,
electrocardiogram, chin and leg electromyograms, body position, finger pulse oximetry,
measurements of airflow, and measurements of thoracic and abdominal respiratory effort. The
gold-standard polysomnogram is attended in a laboratory by a sleep technician. However, home
portable monitoring devices may eventually become an acceptable method of diagnosing OSA
in individuals with a high pretest probability of at least moderate or severe OSA who do not
have significant preexisting cardiopulmonary disorders [13].

The apnea-hypopnea index (AHI) is commonly used to categorize the severity of OSA and it
represents the average number of apneas and/or hypopneas per hour of recorded sleep. In adults,
an AHI less than 5 events per hour is considered normal. Mild OSA is defined as an AHI
between 5 and 15 events per hour, moderate OSA between 15 and 30 events per hour, and
severe OSA as greater than 30 events per hour. Other measures of severity used in both clinical
practice and research settings include oxygen saturation nadir, percent of time with oxygen
saturation below 90%, and the severity of daytime symptoms. OSA, however, can be present
without any significant symptomatology. When OSA is accompanied by symptoms, most
commonly excessive daytime sleepiness (EDS), it has been labeled as the OSA syndrome.

The determination of EDS varies in research settings, and usually depends on a subjective
rating of factors such as daytime sleepiness, fatigue, decreased concentration, and unrefreshing
sleep. Several studies use focused questionnaires that involve 3 to 5 questions, whereas others
use the Epworth Sleepiness Scale—a series of 8 questions establishing daytime sleepiness.
Unfortunately, no technique for assessing subjective sleepiness has been consistently validated
as the reference standard [11] and the best objective evaluation of sleepiness—the Multiple
Sleep Latency Test—is not routinely included in epidemiologic research settings. The Epworth
Sleepiness Scale and the Multiple Sleep Latency Test are complementary tests, the former
assessing self-perceived sleep propensity and the latter a marker of physiologic sleep tendency
[14].

EPIDEMIOLOGIC STUDIES

Overview of Study Design

Epidemiologic studies assessing the prevalence of OSA have variable methodologic
approaches, limiting accurate comparisons. These differences range from the subjects studied
—clinic-based or random population samples—to methodology of the study. For example,
sampling obese male subjects referred to either a general clinic or a sleep clinic markedly
overestimates the prevalence of the disease and reflects selection bias because the clinic-based
sample is not representative of the general population [15]. The methods by which sleep data
are collected (attended laboratory polysomnography or unattended home monitoring), or
criteria and techniques used to recognize obstructive respiratory events (qualitative or
quantitative measurements of airflow and respiratory effort), are not routinely standardized
amongst epidemiologic studies, and may lead to variable estimates of the severity of OSA
[16-18]. Finally, many epidemiologic studies utilize a two staged prevalence study design,
with an initial questionnaire targeted to a large screening population, followed by random
selection of subjects to undergo further diagnostic testing [19]. Despite these methodologic
differences, comparisons of several epidemiologic studies have yielded surprisingly similar
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prevalence rates of OSA and the OSA syndrome in various geographic regions and amongst a
range of ethnic groups (Table 1).

Population-based Prevalence Studies

The most rigorous population-based study determining epidemiologic features of OSA is the
Wisconsin Sleep Cohort Study [20]. Using in-laboratory polysomnography, the prevalence of
OSA (AHI =5) in 602 middle-aged adults between 30 and 60 years of age was 9% for women
and 24% for men. The OSA syndrome, characterized by both an AHI > 5 along with daytime
sleepiness (assessed by 3 subjective questions), was present in 2% of women and 4% of men.
Other similarly designed studies have yielded comparable prevalence rates. The higher
prevalence of OSA in a Spanish cohort between 30 and 70 years of age—28% in women and
26.2% in men—could be explained by including arousals to score hypopneas [21]. However,
the prevalence of the OSA syndrome (AHI > 10 and EDS) in this Spanish population was
similar to the Wisconsin Sleep Cohort Study. Likewise, in 1,741 patients from the Pennsylvania
cohort, the prevalence of the OSA syndrome (defined as AHI > 10 and EDS) was 3.9% in men,
and 1.2% in women [22,23]. Finally, Bearpark and colleagues evaluated 294 men between 40
and 65 years of age from Australia using portable monitoring and identified the OSA syndrome
(AHI = 5 and EDS) in 3.1% of the population [24]. Altogether, these large studies of
predominately white populations estimate the prevalence of OSA syndrome at approximately
3-4% in men and 2% in women. Interestingly, despite the overall lower BMI in the studies
from Asia, the prevalence of the OSA syndrome is similar in Asian countries when compared
to their Western counterparts. The similar prevalence amongst these two distinct populations
highlights the importance of non-obesity related risk factors [25-29] (Table 1).

Taken together, the results of several population-based studies across various geographical
regions and ethnic groups demonstrate a similar prevalence rate of OSA syndrome despite
differences in study designs and technical aspects for identifying respiratory events.

Population-based Incidence Studies

The incidence of OSA in adults can be estimated from 3 population-based longitudinal studies
(Table 2). Using home polysomnography, the Cleveland Family Study investigators identified
286 subjects without evidence of OSA (AHI < 5) at baseline and followed the progression of
OSA five years later [30]. The majority of subjects, 63%, did not develop OSA, yet the overall
5 year incidence of OSA was 7.5% for those developing at least moderate OSA or worse (AHI
> 15), and 16% for those developing an AHI > 10. Predictors of an increase in AHI included
age (up to 60 years), male gender, higher BMI, increases in the waist-to-hip ratio, and increases
in serum cholesterol. In the Wisconsin Sleep Cohort, 690 subjects had baseline attended
polysomnography with follow up studies 4 years later. The AHI was below 5 in 554 of these
subjects (80%) and over 4 years, 10.6% developed an AHI > 5 [31]. Finally in the Sleep Heart
Health Study, the incidence rate over 5 years for those with an AHI < 5 developing an AHI >
15 was 11.1% in men and 4.9% in women [32].

RISK FACTORS FOR OSA

Several risk factors have been identified in the development of OSA but undoubtedly, the
strongest risk factor is obesity reflected by several markers including BMI, neck circumference,
and waist-to-hip ratio [30,33]. Other risk factors include aging (up to age 65), male gender,
menopause, craniofacial abnormalities, upper airway anatomy, smoking, alcohol, and genetic
predisposition [7]. We review major risk factors including obesity, aging, menopause, and
ethnicity. Other important known risk factors such as alcohol, craniofacial abnormalities, and
genetic predisposition are not discussed in this review. Table 3 summarizes both modifiable
and non-modifiable risk factors associated with OSA.
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Obesity has been well established as a risk factor for OSA in multiple population-based studies
and in fact there is direct relationship between the OSA epidemic and the obesity epidemic
[20,30,32,34]. Several studies have demonstrated an increase in the prevalence of OSA with
any increase in measures of body habitus (BMI, waist-to-hip ratio, or neck girth) (Table 4).
Moreover, more than half of the prevalence of OSA is attributable to excess body weight
[20,34]. In fact, per each unit increase in BMI the adjusted odds ratio for developing OSA is
1.14 (95% CI 1.10-1.19). However, the impact of BMI on OSA becomes less significant after
age 60 [30].

Weight changes have also been associated with the progression and regression of OSA [32].
In subjects with no OSA or mild OSA at baseline (AHI < 15), a 10% weight gain increases the
odds of developing moderate or worse OSA (AHI > 15) by 6-fold (95% CI, 2-17) [31]. The
impact of weight loss on the severity of OSA is supported by studies evaluating bariatric surgery
outcomes [35]. The significant weight loss seen in these patients leads to dramatic
improvements in self-reporting of frequent apneas, snoring, and EDS [36].

From 1986 to 2000 the prevalence of extreme obesity defined as a BMI > 40 kg/m? has
quadrupled and that of BMI > 50 kg/m? has increased by 5-fold in the United States. Such
degree of obesity can lead to severe OSA and in some cases can lead to daytime and nocturnal
hypoventilation, a condition known as the Pickwickian syndrome or obesity hypoventilation
syndrome [37]. The prevalence of obesity hypoventilation syndrome has been estimated to be
as high as 25% in patients with OSA who are extremely obese [38].

OSA remains highly prevalent in the elderly and the gender differences diminish significantly
after menopause. Various studies using different methodologies have reported that among the
elderly, the prevalence of at least moderate OSA (AHI > 15) varies widely from as low as 7%
to as high as 44% [21-23,39]. It remains unclear, however, as to why the steady increase in
the prevalence of OSA during the middle-aged years plateaus around age 65. There are several
possibilities to explain this phenomenon. It has been shown that the BMI has a smaller influence
on the AHI in the elderly when compared to middle-aged individuals [22,23,30,32] and that
changes in the BMI, particularly related to weight gain, are less significant in the elderly. Other
possible explanations include either increase mortality in patients with OSA or disease
remission in the elderly. However, there is no evidence to support disease remission with aging
and there is growing evidence that untreated OSA can increase cardiovascular morbidity and
mortality [40-42].

Sleep-disordered breathing may be phenotypically different in the elderly. It has been long
recognized that most patients with OSA developperiods of stable breathing, particularly during
non-REM slow wave sleep [43]. Normal aging is associated with a significant decline in slow
wave sleep, particularly in the older men [44,45]. An increase in respiratory events and periodic
breathing in the elderly may be in part related to the significant reduction in slow wave sleep
and an increase in sleep state instability or to an increase in upper airway resistance [46,47].
Although OSA is highly prevalent in the elderly population, its long term impact remains less
well understood. Many of the elderly with OSA do not develop symptoms; thus the higher
prevalence of OSA compared to their younger counterparts does not necessarily lead to an
increase in the prevalence of OSA syndrome (AHI > 5 plus symptoms) [23]. However, classic
OSA syndrome is frequently observed in the elderly with a wide range of clinical sequelae.
With careful follow-up and adequate adherence with therapy, the elderly experience similar
degrees of improvement in daytime alertness and in other symptoms associated with OSA when
compared to middle-aged adults [48].
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Although clinic-based studies had previously reported a significant gender gap in the
prevalence of OSA, more recent large population-based studies have demonstrated that the
prevalence of OSA is only 1.5-3 times higher in men than women and this gender gap narrows
even further after menopause [20-27,29]. This discrepancy between clinic and population-
based prevalence suggests a strong referral bias for evaluating OSA favoring men and has been
hypothesized to be partly attributed to different clinical presentations of OSA in women.
Women may not present with the “classic” symptoms of OSA (loud snoring, EDS, nocturnal
choking episodes, or witnessed apneas), and therefore may less likely be referred for a formal
evaluation [49,50]. In two clinic-based studies comparing men and women with similar degrees
of obesity and OSA, women were more likely to present with “atypical complaints” such as
insomnia or depression, and less likely to have observed apneas [51,52]. However, two
population-based studies have reported similar symptoms of OSA in men and women [26,
53]. As a result, there may be other reasons for the gender disparity in diagnosing OSA such
as the possibility that health care providers disregard typical symptoms in women or
alternatively, women are less likely to seek medical attention because of loud snoring. The lack
of recognition of OSA in women may impact mortality, as one study found that women with
OSA had a higher 5 year mortality rate when compared to men with OSA [54]. Taken together,
the evidence suggests that women are underdiagnosed and consequently undertreated for OSA
compared to men.

In contrast to men, women with similar degree of obesity have a less collapsible upper airway
[55]. This pathophysiologic difference in the upper airway anatomy could explain the overall
lower prevalence of OSA in premenopausal women in whom the obstructive respiratory events
commonly tend to cluster during REM sleep [56]. The increased prevalence of OSA in
menopausal women—independent of age, body habitus and other factors such as alcohol use
and health status—draws attention to hormonal differences in the pathogenesis of OSA [22,
57]. Even more intriguing is the observation of reduced OSA prevalence in women taking
hormone replacement therapy [22,58] suggesting a protective role of progesterone and/or
estrogen due to its impact on the upper airway dilator muscle activity [59]. It is also not entirely
clear if hormone replacement therapy is the only reason for the lower prevalence of OSA or if
other unidentified variables are responsible for the modest decrease in the risk of OSA with
hormone replacement therapy. For example, postmenopausal women who opt to take hormone
replacement therapy may be healthier at baseline, more health conscious, less obese, and in
earlier stages of menopause [60]. Hormone replacement therapy has not been shown to be an
effective treatment of OSA in post-menopausal women; therefore, the optimal treatment for
OSA in postmenopausal women remains continuous positive airway pressure (CPAP) therapy
[61].

Although the Sleep Heart Health Study reported a similar prevalence of OSA in African-
Americans compared to other ethnic groups [33], other investigators have reported a
disproportionately higher severity of OSA in young and elderly African Americans compared
to White subjects after controlling for confounders [62,63].

There is limited data on the prevalence of OSA in Hispanics. More recently however, the Sleep
Heart Health Study reported a substantially higher odds ratio of self-reported snoring and
apneas in both Hispanic men and women compared with Whites and African Americans [64].

Despite the overall lower average BMI in the Asian population when compared to Western
societies, the prevalence of OSA syndrome is similar and indicates that other non obesity
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related risk factors contribute to the pathogenesis of the disease. The prevalence of OSA in the
Chinese population-based studies was similar to the White population despite a significantly
lower BMI, only 5% of men had a BMI above 30 kg/m? [25]. The similar prevalence of OSA
in these two populations could be attributed to cephalometric differences between Asian and
White patients such as an inferiorly positioned hyoid bone, enlarged soft palate, and reduced
upper airway width at the soft palate [65-67].

In summary, there are ethnic differences in the prevalence and severity of OSA. However, in
some of these studies the ethnicity is self reported, which may be inaccurate and may not
incorporate the genetic heterogeneity amongst populations [19].

MEDICAL DISORDERS WITH HIGH PREVALENCE OF OSA

In certain medical disorders, the prevalence of OSA exceeds that seen in the general population
(Figure 1). These medical conditions include, but are not limited to, type 2 diabetes [68,69],
polycystic ovary syndrome [70-72], refractory hypertension [73], coronary artery disease
[74-76], congestive heart failure with systolic dysfunction [77-79], and stroke [80-82].
Therefore, we believe it is prudent for clinicians to routinely screen patients with the above-
mentioned medical conditions for OSA.

ADVERSE CONSEQUENCES ASSOCIATED WITH OSA

Hypertension

Population-based cross-sectional and prospective longitudinal studies have shown a strong and
independent association of various measures of OSA severity (AHI and measures of
oxygenation) with hypertension. In two large population-based cross-sectional studies,
subjects with moderate or worse OSA (AHI > 15) had a 1.42 to 1.72 increased odds ratio for
prevalent hypertension when compared to subjects with no OSA (AHI < 1.5) after adjusting
for BMI and other known confounders [83,84]. A longitudinal prospective population-based
study with four year follow-up assessed the impact of OSA on hypertension. After controlling
for various known confounders (age, body habitus, baseline hypertension, alcohol and
smoking), compared to subjects with no OSA, the adjusted odds ratio for prevalent
hypertension was 2.03 (95% CI 1.29-3.17) for mild OSA and 2.89 (95% CI 1.46-5.64) for
moderate or worse OSA [85]. In contrast to middle-aged individuals in whom there is a
significant relationship between OSA and prevalent hypertension, the impact of OSA on
systemic blood pressure is insignificant in the elderly [83,86]. The lack of significant
association between OSA and hypertension in the elderly may be due to the fact that those
affected did not survive or that alternatively, significant cardiovascular disease has already
occurred by that age and the contribution of OSA on disease progression becomes less
important.

Studies investigating the effect of CPAP treatment can provide further insights into the cause
and effect relationship between OSA and hypertension. However, results from randomized
controlled trials have been inconsistent [§7-92]. The variable results of the randomized
controlled trials are related to enrollment of patients who are not hypertensive at baseline,
suboptimal CPAP adherence, and methodological differences between the studies. Despite
these limitations, a recent meta-analysis of several randomized, placebo-controlled trials
assessing the impact of CPAP therapy on blood pressure in patients with OSA demonstrated
a small but significant decrease in mean 24-hr blood pressure (1.69 mmHg; 95% CI, —2.69 to
—0.69 mm Hg) when compared to placebo. However, the reduction in ambulatory blood
pressure was greater in patients with more severe OSA and sleep fragmentation at baseline and
with increasing adherence to nightly CPAP therapy [93].
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Several large population-based epidemiologic studies have found an independent association
between snoring [94] or OSA and stroke [95,96]. After adjusting for known confounders, data
from the Sleep Heart Health Study demonstrated an odds ratio for self-reported stroke of 1.58
(95% CI 1.02-2.46) for AHI > 11 compared to subjects with no OSA [96]. Similarly, the
Wisconsin Sleep Cohort data revealed an adjusted odds ratio for stroke of 4.33 (95% CI 1.32—
14.24) for an AHI > 20 vs. an AHI < 5. In addition, on four-year longitudinal follow-up of this
cohort, there was a trend towards increased risk of incident stroke [95]. Further evidence to
support the impact of OSA on incident stroke came from a large observational clinic-based
cohort study in which the adjusted hazards ratio for incident stroke or death from any cause
was 1.97 (95% (I, 1.12-3.48) in patients with mild or worse OSA (AHI > 5) when compared
to patients with no OSA [42]. Studies are needed to assess the impact of OSA therapy on
primary or secondary prevention of stroke given its associated high burden of morbidity and
mortality.

Coronary Artery Disease

Coronary artery disease (CAD), defined as angina pectoris and/or myocardial infarction, has
been independently associated with OSA in both population-based [96] and clinic-based
studies [97]. The Sleep Heart Health Study, a large population-based study, documented a
modest association between OSA and self-reported (CAD). In subjects with the highest quartile
of AHI (AHI > 11), an adjusted odds ratio of 1.27 was observed relative to subjects with no
OSA [96]. Similarly, in a clinic-based study, OSA was a significant and independent predictor
of incident CAD (relative risk 4.60) [97].

In patients with documented CAD, the prevalence of OSA has ranged from 30% to 57% [74—
76,98-100]. Moreover, in a prospective observational study with a follow-up period of 7 years,
patients with OSA had a significantly elevated incidence of CAD (16.2%) compared to snorers
without OSA (5.4%) [97]. Several prospective studies have reported an increased rate of
adverse secondary cardiovascular events in patients with CAD and concomitant OSA [99,
101,102]. There are data demonstrating that effective treatment of OSA can serve as both
primary prevention [97] and secondary prevention [103] of adverse cardiovascular outcomes.

Congestive Heart Failure and Arrhythmias

Limited data from population-based studies have demonstrated an independent association
between OSA and congestive heart failure. In the Sleep Heart Health Study subjects in the
highest quartile of AHI (> 11) had an adjusted odds ratio of 2.38 for self-reported diagnosis of
congestive heart failure compared to subjects in the lowest AHI quartile [96]. Several clinic-
based cohort studies have established a high prevalence of sleep-disordered breathing (OSA
and/or central sleep apnea) in patients with congestive heart failure and reduced systolic
function [77-79]. Although epidemiologic studies have established an association between
OSA and CHF, the direction of causality has not been established. However, a few short-term,
randomized controlled trials have been able to demonstrate that effective treatment of OSA
with CPAP therapy in patients with systolic congestive heart failure can lead to significant
improvements in the ejection fraction, measures of daytime sleepiness, and quality of life
[104,105].

Cardiac arrhythmias have also been associated with OSA in both clinic-based and population-
based studies. Investigators from the Sleep Heart Health Study reported that subjects with
severe OSA had two-to-fourfold higher odds of complex arrhythmias than those without OSA
even after adjustment for potential confounders. In particular, the adjusted odds ratio for co-
existing atrial fibrillation was 4.02 (95% CI, 1.03 15.74) [106]. In a retrospective population-
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based study, nocturnal hypoxemia due to OSA was an independent predictor of incident atrial
fibrillation in patients less than 65 years of age [107].

Cardiovascular Mortality Attributed to OSA

As to date, there are no long-term, large, randomized controlled trials assessing the impact of
CPAP therapy vs. placebo on cardiovascular mortality. However, there are a number of studies
supporting the adverse impact of untreated OSA on cardiovascular outcomes. Several
retrospective studies examined the association of OSA and mortality. In one study, patients
with severe untreated OSA had a higher mortality than patients with similar degree of OSA
severity who were either treated by tracheostomy or CPAP therapy [108]. In another
retrospective study individuals with OS A had a peakin sudden death from cardiac causes during
the sleeping hours, in contrast to the general population [109]. Furthermore, three recent large
observational studies have confirmed the adverse consequences of untreated OSA [40,41,
110]. All together, a total of 2,396 patients with various degrees of severity of OSA were
evaluated and followed in these three studies. The findings of these studies suggest that patients
with untreated severe OSA have increased fatal and nonfatal cardiovascular outcomes
compared to those who were treated with CPAP therapy (Figures 2 and 3). Of interest, patients
who adhered to the prescribed CPAP therapy had more comorbidities, higher AHI and BMI
compared to those who did not adhere with CPAP therapy. The main limitation of these
observational studies includes the possibility that patients who were nonadherent with CPAP
therapy may have also been less adherent with other therapies recommended by their physicians
such as prescribed medications for hypertension, dyslipidemia, and type 2 diabetes.
Conversely, one could argue that the nonadherent patients in these observational studies typify
the usual patient seen by physicians in clinical practice.

In summary, mounting evidence from clinic-based and epidemiologic population-based studies
have established a strong and independent association between OSA and various
cardiovascular conditions (Table 5). Moreover, uncontrolled large observational studies have
shown that if left untreated, patients with severe OSA have an increased cardiovascular
morbidity and mortality. The strongest evidence for adverse cardiovascular events associated
with OSA seems to be linked to those with severe disease, whereas the data for the link in mild-
moderate patients is less clear. Figure 4 summarizes the potential mechanisms by which OSA
adversely impacts the cardiovascular system [111]. Although more data is needed in this area,
it is challenging to perform randomized controlled trials to assess the impact of CPAP therapy
on cardiovascular outcomes in patients with severe OSA due to ethical concerns.

Type 2 Diabetes and Insulin Resistance/Glucose Intolerance

Several population-based studies from various geographical regions and involving a variety of
ethnic groups have reported an independent association between self-reported snoring [112—
118] or various measures of severity of OSA quantified by polysomnography (AHI or oxygen
saturation) to altered glucose metabolism, insulin resistance, metabolic syndrome, and type 2
diabetes [115,119-124]. These associations have been established independent of the degree
of obesity and adiposity which are major determinants of glucose metabolism dysregulation.
The vast majority of the epidemiologic data has been provided by cross-sectional studies as
opposed to longitudinal studies. Definitive evidence supporting the direction of causality is
still needed from both population-based longitudinal studies and large-scale studies with
carefully selected patient populations with OSA, adequately controlling for potential
confounders, in particular visceral adiposity [125,126]. In addition, OSA is highly prevalent
amongst patients with type 2 diabetes [68,69]. These remarkable associations raise the
possibility that OSA may be a novel risk factor for type 2 diabetes or alternatively, chronic
hyperglycemia may promote OSA. Figure 5 describes the putative mechanisms by which OSA
can lead to insulin resistance, weight gain and increased risk of type 2 diabetes [ 127]. Therefore,
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we believe that clinicians would be well advised to systematically evaluate the risk of OSA in
patients with type 2 diabetes, and conversely to rule out type 2 diabetes/glucose intolerance in
patients with known OSA.

Neurocognitive Function, Depression, and Motor Vehicle Accidents

OSA can cause daytime sleepiness and adversely impact daytime functioning such as work
performance, motor function, and neurocognitive function [128—130]. Although the degree of
OSA defined by the AHI is usually assumed to be predictive of cognitive impairment [131],
another important factor is the duration and severity of hypoxemia which has been shown
independently to have an adverse impact on cognitive tasks [132]. To further support the cause
and effect relationship between OSA and neurocognitive dysfunction, investigators have been
able to demonstrate a linear relationship between adherence with CPAP therapy for OSA and
the percentage of patients achieving normal daytime function those with longer duration of
therapy (over 7 hours) experiencing the most clinical benefits [133,134].

Several clinic-based studies have established an association between OSA and depression
[135]. In a longitudinal population-based study, the Sleep Heart Health investigators were able
to demonstrate a causal link between OSA severity and depression. In this study, subjects with
moderate or worse OSA (AHI > 15) had a 2.6 fold increase odds of developing depression after
adjusting for confounders [136]. Studies demonstrating improvement in depression after
successful treatment of OSA with CPAP therapy provide further evidence for a cause and effect
relationship between OSA and depression [137].

The motor and neurocognitive dysfunction induced by OSA has been implicated as a risk factor
for motor vehicle accidents [8,131,138,139]. Not only does untreated OSA increase the rate of
motor vehicle accidents when compared with age and gender matched controls, but the severity
of the accidents can lead to more personal injury [140]. Effective therapy for OSA can improve
motor and neurocognitive function, resulting in enhanced driving performance and reduction
in motor vehicle accidents to the rate seen in the general population [139,141].

IMPACT OF UNDIAGNOSED AND UNTREATED OSA
The Impact of OSA on Healthcare Utilization

Several studies have shown that patients with the OSA syndrome utilize healthcare resources
almost 2 fold higher—with heavier use of resources seen in women—compared with control
patients matched for age, gender, and area of residency [142—145]. Most of these costs were
attributed to more days spent in the hospital, higher physician fees including more specialist
consultations, and increase in prescribed medications. Furthermore, effective treatment of OSA
with CPAP improved associated healthcare costs. When comparing healthcare utilization in
men and women with OSA from 5 years before establishing the diagnosis to 5 years after the
diagnosis, patients treated effectively with CPAP had healthcare costs that gradually decreased
whereas matched controls continued to have an increase in healthcare utilization costs [146,
147].

Unfortunately, the shortcomings of these studies was the inability to match control subjects
for BMI; therefore the health care cost difference could be attributable to obesity—known to
be associated with increased health care costs [148]. Also, the majority of these studies target
patients with severe OSA; therefore, generalizing the decreases in health care costs to those
with milder forms of OSA may not be appropriate [149]. Despite these methodologic
limitations, the above studies collectively draw attention to the profound economic impact of
OSA, especially if left untreated, and the beneficial effects of appropriate therapy. Future

Expert Rev Respir Med. Author manuscript; available in PMC 2009 August 17.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duosnuey Joyiny Vd-HIN

Lee et al.

Page 11

studies matching control patients by degree of obesity can clarify the impact that OSA has on
healthcare economic costs.

The Burden of Undiagnosed OSA

Evidence suggests that a large proportion of individuals with OSA remain undiagnosed.
Analysis of two large population-based studies—Wisconsin Sleep Cohort and the Sleep Heart
Health Study—estimated that up to 80% of individuals with moderate or severe OSA enrolled
in these studies more than a decade ago had remained undiagnosed by their physicians despite
adequate access to health care [5,6]. With the ongoing obesity epidemic, there is no compelling
reason to believe that the proportion of undiagnosed OSA in the population has decreased over
the years despite increased overall awareness of OSA amongst the medical community and the
lay population. In fact, the 2005 Sleep in America Poll identified 25% of the respondents as
being high risk for OSA further supporting the high burden of this condition in the Western
society [150].

Now more than ever, there is a need to improve access to diagnostic and effective treatment
strategies for patients with OSA [151]. Although an overnight polysomnogram is considered
the gold standard diagnostic study, it has several limitations including a prolonged wait time
depending on available local resources, inconvenience of an overnight sleep study and expense,
especially for lower socioeconomic areas. Split night studies, which combine a diagnostic
polysomnogram and therapeutic positive pressure titration in one night, are useful in limiting
the amount of time spent in the sleep laboratory. Split night studies are cost effective, more
convenient for patients, and lead to improved access to care. Although most useful for patient’s
with severe OSA, the disadvantages include decreased time devoted to CPAP titration [152].
Of particular interest is the utility of portable monitoring and empiric auto-CPAP treatment in
patients with a high pretest clinical probability for at least moderate or severe OSA who do not
have co-existing cardiopulmonary conditions complicating OSA [153]. Although portable
monitoring may emerge as a new diagnostic tool, clinical guideless to address careful
interpretation is imperative to continue to advance the field. Figure 6 describes a useful
approach to effective use of home monitoring as proposed by the American Academy of Sleep
Medicine [13].

EXPERT COMMENTARY

In the last decade, extensive well-designed epidemiologic research has clarified the incidence
and risk factors for developing OSA as well as its global prevalence. There is a growing body
of literature linking OSA with cardiovascular morbidity and mortality, metabolic dysfunction,
and neurocognitive impairment. Current evidence suggests that effective treatment of OSA
can improve neurocognitive function and reduce the risk for adverse cardiovascular events.

FIVE YEAR VIEW

During the next 5 years, the health care community will continue to face a variety of medical
conditions associated with obesity particularly an increasing global prevalence of OSA. The
gradual recognition of this disease by both the lay and medical community will lead to improved
identification of patients with OSA. With such a high prevalence of OSA in the general
population, further research is needed to clarify the role of various diagnostic strategies such
as in-laboratory polysomnography and portable home monitoring. In addition, the beneficial
impact of CPAP therapy in mild to moderate OSA, particularly in the “non-sleepy” patients
warrants further investigation. Finally, additional research is needed to evaluate the impact of
OSA therapy on cardiovascular and metabolic outcomes. The field of sleep medicine is still in
its infancy with a plethora of data waiting to be uncovered in the near future.
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KEY ISSUES

«  Obstructive sleep apnea, characterized by repeated episodes of complete or partial
obstruction of the upper airway during sleep, has gained significant interest due to the
global obesity epidemic.

«  Several population-based studies across various geographical regions and ethnic
groups demonstrate a surprisingly similar prevalence of OSA syndrome,
approximately 4 % in men and 2% in women.

+  Risk factors for developing OSA include obesity, aging (up to age 65), male gender,
menopause, craniofacial abnormalities, upper airway anatomy, smoking and alcohol
intake, and genetic predisposition. Obesity is the most important modifiable risk factor
for OSA but the impact of obesity is diminished in the elderly.

+  OSA is an independent risk factor for hypertension; however, the treatment of OSA
in hypertensive patients has generally resulted in mixed results.

*  OSA has been linked to adverse cardiovascular outcomes including coronary artery
disease, stroke, congestive heart failure, and atrial fibrillation. Evidence from large
observational studies demonstrates that treatment can improve cardiovascular
morbidity and mortality.

«  Patients with the OSA syndrome utilize more healthcare resources compared with
matched control patients.
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Figure 1.

The prevalence of OSA (defined as either AHI > 10 or 15) in various medical disorders.
Compared to three population-based prevalence studies [20-23], patients with Type 2 diabetes
[68,69], polycystic ovary syndrome [70,72], coronary artery disease [74—76], congestive heart
failure [77-79], and stroke [80—82] have a much higher prevalence of OSA. Each bar in the
figure represents an individual study.
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Figure 2.

Incidence of non-fatal and fatal cardiovascular events in 10 years (events/100 person years) in
controls, snorers, untreated mild to moderate OSA, untreated severe OSA, and OSA treated
with CPAP in an observational study. All participants in this study were men. The healthy men
were age and BMI matched to patients with OSA (healthy men had a mean age of 49.6 years
and a mean BMI of 29.8 kg/m? vs. men with untreated severe OSA who had a mean age of
49.9 years and a mean of BMI 30 kg/m?). Adherence with CPAP treatment was assessed with
the timer built into each CPAP device. Patients with severe OSA had a mean CPAP use of >
4 h/day. Data adapted from Marin et al. [40].

*p < 0.0001 versus healthy men

Tp < 0.0012 versus healthy men
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Figure 3.

Kaplan-Meier cumulative survival curve according to long-term CPAP adherence in patients
with OSA emphasizing the relationship between average daily adherence with CPAP therapy
and mortality. In this study, a historical cohort of 871 patients with moderate to severe OSA
(mean age 55.4 + 10.6 years, 81% men, mean AHI and CPAP use were 55.1 £28.7 and 10.1
+ 2.1 cm HO respectively) were followed for an average of 49 + 23 months. There were 322
patients in the group with CPAP adherence > 6 h/day (mean adherence 7.6 + 1.2 hours), 342
patients in the group with 1-6 hour/day (mean adherence 3.9 + 1.4 hours) and 85 patients in
the group with < 1 h/day (mean adherence 0.3 + 0.2 hours). Variables that independently
correlated with mortality in themultivariate analysis were CPAP adherence, hypertension, and
forced expiratory volume in one second (FEV) percentpredicted. Approximately 50% of the
deaths were cardiovascular in origin. Cumulative survival rates in the CPAP > 6-h group and
in the CPAP 1-6 h group were significantly higher than the CPAP < 1 h group, p< 0.00005
and p= 0.01, respectively. Adapted from Campos-Rodriguez et al. [41].
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Figure 4.

The pathophysiological mechanisms by which OSA can lead to adverse cardiovascular
outcomes. SNA: sympathetic neural activity, HR: heart rate, BP: blood pressure, HTN:
hypertension, LV: left ventricle, O,: oxygen, PaO,: partial pressure of oxygen, PaCO,: partial
pressure of carbon dioxide. Reprinted with permission from Leung RS et al. [111].
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Figure 5.

Putative mechanisms linking OSA and sleep fragmentation/loss with insulin resistance and
increased risk of Type 2 diabetes. Reprinted with permission from Ip M et al. [127].
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Figure 6.
Algorithmic approach to using portable monitoring to diagnose OSA as proposed by the
American Academy of Sleep Medicine [13].
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TABLE 2
Incidence of OSA from population-based longitudinal studies
Study N Years of follow-up Definition Incidence
Wisconsin Sleep Cohort [31] 554 4 AHIKS to AHI>S 10.6%
Cleveland Family [30] 286 5 AHIKS5 to AHI>15 15% Men
8.2% Women
Sleep Heart Health [32] 2968 5 AHIK<S5 to AHI>15 11.1% Men
4.9% Women

Expert Rev Respir Med. Author manuscript; available in PMC 2009 August 17.



1duosnuely Joyiny Vd-HIN 1duosnuely Joyiny Vd-HIN

1duosnue Joyiny Vd-HIN

Lee et al.

TABLE 3
Risk factors for developing OSA
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Modifiable Risk Factors for OSA
Obesity
Drugs — opiates, benzodiazepines, and alcohol intake
Smoking (active and passive)
Supine body position during sleep
* Nasal congestion or obstruction
Non-modifiable Risk Factors for OSA
Gender: men more than women
Genetic predisposition
Race
Aging
Menopause

Craniofacial anatomy (retrognathia and micrognathia)

%
potentially corrected by surgery
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