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Introduction

Obstructive sleep apnea (OSA) manifests in a variety of 

ways from subtle intrusion into daily life that may be 

unrecognized by the patient and providers to profound 
sleepiness, snoring, witnessed apneas and other classic, 
more recognizable symptoms. Unfortunately the former 
presentation is the clinical norm. Symptom severity often 
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progresses over years, leading to delayed diagnosis and 
allowing time for the disease to adversely affect health. 
Even with increasing awareness of the serious adverse 
consequences of untreated sleep apnea on patient outcomes 
and healthcare utilization, epidemiologic studies suggest 
that OSA is under-diagnosed (1,2). As the obesity epidemic 
continues to increase, the prevalence of OSA will likely 
continue to rise. Clinicians should be familiar with both the 
subtle and overt clinical manifestations of OSA to accurately 
identify patients at risk for the disease, order appropriate 
testing, and tailor therapy to the individual patient.

Clinical manifestations 

A substantial amount of evidence supports an association 
between OSA and a number of disorders (3). Healthcare 
providers should strongly consider the possibility of OSA in 
patients with these co-morbidities particularly when found 
in conjunction with characteristic symptoms and physical 

exam findings of OSA (Table 1). The evaluation of co-
morbidities, symptoms, and anatomy is not only important 
when screening patients for OSA, but is also important with 
regard to determination of diagnostic testing and treatment 
modalities. 

Cardiovascular associations 

Adverse cardiovascular outcomes are perhaps the most 
well-described sequela of OSA. Although a number 
of cardiovascular risk factors (male sex, age, obesity, 
hypertension, and glucose intolerance) are found frequently 
in the OSA population, elevated risk is independently 
associated with OSA. The pathological relationship between 
sleep apnea and cardiovascular disease has been well-
described (4) (Figure 1).

The relationship between OSA and hypertension was first 
suggested over 30 years ago (5). Subsequently numerous studies 
have attempted to determine the relationship between OSA and 
cardiovascular health. Co-morbid hypertension is a common 
finding in the sleep apnea population (6). The Wisconsin sleep 
cohort identified a dose-response relationship between sleep 
apnea severity and incident hypertension at 4 years follow-up 
independent of known co-founding risk factors (7). Another 
prospective cohort study reported this dose relationship 
between OSA and hypertension as well as the impact of 
continuous positive airway pressure (CPAP) therapy on the 
development of hypertension (8). This cohort of 1,889 patients  
without hypertension referred to a sleep center in Spain 
were divided into three groups: mild, moderate, and severe 
OSA. They were further classified as being treated with 
CPAP therapy, non-adherent to CPAP therapy, those who 
refused CPAP therapy, and those who were ineligible for 
CPAP therapy. Median follow-up period was 12 years. 
Incidence of hypertension increased with severity of sleep 
apnea. The authors found that the hazard ratios (HR) for 
incident hypertension were greater among patients with OSA 
ineligible for CPAP therapy [1.33; 95% confidence interval 
(CI), 1.01-1.75], among those who declined CPAP therapy 
(1.96; 95% CI, 1.44-2.66), and among those non-adherent to 
CPAP therapy (1.78; 95% CI, 1.23-2.58). The OSA group 
adherent to CPAP therapy had the lowest HR (0.71; 95% CI, 
0.53-0.94) for the development of hypertension. 

Not all studies have confirmed the association of 
hypertension and OSA. For instance, the Sleep Heart 
Health Study reported an increased incidence of 
hypertension with increasing baseline apnea hypopnea index 
(AHI); however, this finding lost statistical significance 

Table 1 Classic symptoms and findings in OSAS 

Symptoms of OSAS

Snoring 

Excessive daytime sleepiness

Choking or gasping at night

Night sweats

Neurocognitive impairment

Heartburn

Morning headaches

Maintenance insomnia

Erectile dysfunction

Nocturia

Exam findings of OSAS

Obesity

Enlarged neck circumference

Crowded upper airway

Hypertension

Accentuated P2 heart sounds (pulmonary HTN)

Retrognathia/overjet

Nasal obstruction

Decreased oxygen saturation

S3 heart sound (CHF)

Lower extremity edema (heart failure)

OSAS, obstructive sleep apnea syndrome; CHF, congestive 

heart failure.
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after adjustment for baseline BMI (9). The weak association 
between OSA and systemic hypertension may be related to 
the older age of the cohort and the inclusion of a very large 
portion of participants with mild OSA.

A sub-group that deserves special consideration is the 
population with resistant hypertension, classically defined 
as individuals requiring three or more antihypertensive 
medications for blood pressure control. A case series 
reported by Gonçalves et al. compared 63 patients with 
resistant hypertension to a control group of 63 patients 
with controlled hypertension. The prevalence of OSA 
in patients with resistant hypertension was dramatic at 
71% compared with an incidence of 38% in patients with 
controlled systemic hypertension (10). Recently published 
work from the Heart BEAT study suggests that severe OSA 
is associated with a much higher likelihood of persistent 
elevation in blood pressure in patients on multiple anti-
hypertensive medications compared to moderate OSA (11).  
Based upon the above observations, screening for OSA 
in patients with resistant hypertension is reasonable; 
particularly in those with known risk factors for OSA (12,13).

The current evidence base supporting the role of OSA in 
the development of hypertension is somewhat controversial. 
Many questions remain unanswered. Treating moderate to 
severe sleep and symptomatic mild sleep apnea is indicated. 
Uncertainty arises in the asymptomatic population with 
mild sleep apnea and comorbid hypertension. The available 
data suggests that CPAP intervention leads to a modest 
reduction in blood pressure, and this reduction may be more 
prominent in the severe OSA population (14). Based on the 

modest effect CPAP therapy would be expected to have in 
the mild OSA population, the impact of introducing this 
therapy in mild disease is likely minimal. Long-term follow-
up data assessing the interaction of OSA, hypertension, and 
cardiovascular morbidity is lacking. 

Altogether the evidence supports an association between 
OSA and the development of hypertension, particularly in 
more severe disease. It is likely that a range of individual 
susceptibility exists for the development of hypertension 
among patients at a given severity of OSA (15). The 
available data suggests improvement (albeit modest) 
in blood pressure with CPAP therapy; however, the 
introduction of CPAP therapy in a patient with mild sleep 
apnea, who is asymptomatic, is unlikely to have a clinically 
significant impact. 

Arrhythmias, particularly atrial fibrillation, have been 
well-documented in the OSA population and are likely 
consequences of respiratory abnormalities and changes in 
autonomic tone during sleep. Contemporary case-control 
and cross-sectional studies as well as studies dating back 
30 plus years support the relationship between OSA and 
cardiac arrhythmia (16,17). The rhythm disturbances 
documented in these studies include ventricular tachycardia 
or fibrillation, sinus arrest, atrioventricular conduction 
blocks, complex ventricular ectopy, supraventricular 
tachycardia, bradycardia, and atrial fibrillation (16-21). 

Practitioners should be aware of the prevalence of OSA 
in patients with atrial fibrillation not only for diagnostic 
purposes, but also for potential treatment implications. 
Epidemiological evidence for this association is supported by 

Figure 1 Pathological relationship between sleep apnea and cardiovascular disease [Reprinted with permission (4)].
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Mehra et al. analysis of the Sleep Heart Health Study data 
that reported the likelihood of atrial fibrillation is increased 
4- to 5-fold in patients with sleep disordered breathing  
(SDB) (22). Other studies indicate that the risk of atrial 
fibrillation rises as the severity of sleep apnea increases (23,24).  
Evidence also suggests that treatment of sleep apnea 
decreases the risk of recurrence of atrial fibrillation 
following cardioversion or pulmonary vein isolation 
procedures (25-27). Kanagala and colleagues conducted a 
prospective observational study of 39 participants with OSA 
following cardioversion and the relationship between CPAP 
usage and atrial fibrillation/flutter recurrence (25). Twenty-
seven of these patients were not on positive airway pressure 
therapy or had suboptimal adherence. Recurrence of AF 
at 12 months in these 27 patients was 82%, significantly 
higher than the 42% recurrence in the treated OSA group 
(n=12, P=0.013). Follow-up data were also obtained in  
79 randomly selected post-cardioversion patients (controls) 
who did not have any previous sleep study; this group had a 
53% recurrence of atrial fibrillation at 1 year (P=0.009). A 
recent study identified 62 patients referred for pulmonary 
vein isolation for treatment of atrial fibrillation who had 
sleep apnea confirmed by polysomnography (27). These 
participants were divided into a “CPAP user” group (n=32) 
and a “CPAP non-user” group (n=30). The CPAP user 
group had a lower rate of recurrent atrial fibrillation (28% 
vs. 63% for CPAP users vs. non-users; P=0.01). Also, a 
higher arrhythmia-free survival rate off antiarrhythmic 
drugs (66% vs. 33%; P=0.02) was reported.

Overall, the data suggests a strong relationship between 
atrial fibrillation and OSA. There is also some suggestion 
that patients undergoing attempts to re-establish normal 
sinus rhythm will have more success if their OSA is 
corrected with positive airway pressure therapy; however 
this is based on small observational trials and further study 
is needed. 

SDB is frequently encountered in the heart failure 
population and may manifest as pure OSA or central 
apnea with Cheynne-Stokes respiration. This association 
was reported by Javaheri in 1998 when he evaluated 81 
ambulatory men with congestive heart failure (CHF) 
(defined as left ventricular ejection fraction <45%) who 
agreed to undergo screening polysomnography (28). SDB 
(defined as an AHI ≥15 events per hour) was present in 51% 
of these individuals with a predominance of central sleep 
apnea in this cohort. A larger study undertaken by Sin and 
colleagues attempted to both better define the prevalence 

of SDB in the heart failure population and identify risk 
factors associated with the development of central and/
or obstructive apnea in this population (29). A total of  
450 participants were studied and, using a cut-off AHI of 
ten events per hour of sleep, 72% were identified as having 
SDB (prevalence was 61% and 53% for AHI cutoffs of 15 
and 20 respectively). Of the 72% of participants identified 
with SDB, 148 had central sleep apnea; 168 had obstructive 
apnea; and 134 patients did not show evidence of SDB. Risk 
factors for the presence of central sleep apnea included male 
sex, hypocapnia during wakefulness, atrial fibrillation, and 
age >60 years old. Risk for OSA was increased in women 
>60 years old and was increased in men who had a BMI of 
>35 kg/m2. SDB appears to be very common in the heart 
failure population with larger studies reporting a prevalence 
of at least 50%, even in patients who are optimally managed (30).

CHF and SDB seem to have a bi-directional relationship 
with one leading to and worsening the other. Kaneko 
et al. reported that CPAP therapy for OSA improves 
cardiovascular parameters including blood pressure and 
left ventricular systolic function in participants with CHF 
supporting the notion that obstructive apnea may represent 
a modifiable factor in the care of these types of patients (31). 
Support for the benefit of these physiologic improvements 
leading to clinically significant outcomes comes from 
Japan. Investigators followed 88 patients with moderate-
to-severe sleep apnea with co-morbid heart failure who 
were randomized to CPAP therapy (n=65) and no therapy  
(n=23) (32). The CPAP therapy group was further 
subdivided into participants who were adherent and 
those who were non-adherent. The risk for death and 
hospitalization was increased in the untreated group (HR 
2.03; 95% CI, 1.07-3.68; P=0.030) and in less compliant 
CPAP-treated patients (HR 4.02; 95% CI, 1.33-12.2; 
P=0.014). CPAP therapy appears to improve outcomes in 
patients with CHF, provided they are adherent to therapy. 

Pulmonary hypertension (PH) is another cardiovascular 
disease with a well-established relationship to OSA. This 
association led to inclusion of OSA into group 3 (PH due 
to lung diseases and/or hypoxia) of the World Health 
Organization’s PH classification system (33). PH in this 
population is typically only encountered in moderate-to-
severe OSA and is generally mild. In one study, participants 
(n=220) referred for polysomnography were found to have 
moderate-to-severe OSAS (AHI >20) and agreed to right 
heart catheterization (34). Thirty-seven participants were 
found to have PH defined as a resting mean pulmonary 
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artery pressure (PAP) of at least 20 mmHg. Only 2 of these 
37 participants had a mean PAP greater than 35 mmHg.  
Those with PH tended to have more obstructive lung disease, 
more severe sleep apnea, a higher arterial carbon dioxide 
tension, a lower arterial oxygen tension, and a higher BMI. 
Two subsequent studies evaluating participants with at least 
mild OSA and without COPD found approximately 20% had 
PH generally in the mild range (35,36). 

Given the mild increase in pulmonary arterial pressure 
from OSA, one would expect that therapy in OSA patients 
with positive airway pressure would lead to only a modest 
reduction in PAP. Reports from 1970s and 1980s suggested 
improvement in PH with tracheostomy for OSA (37,38). 
The impact of contemporary management options for 
OSA such as positive airway pressure and oral appliance 
therapy in PH is not well studied. Arias and colleagues 
have published the only randomized control trial to date 
that has evaluated the impact of CPAP therapy on PH 
in OSA (39). They studied 23 participants in a crossover 
design with overall severe OSA (mean AHI 44 events 
per hour). Participants were randomized to sham CPAP 
or CPAP therapy and followed for 12 weeks. Baseline 
echocardiography was performed and then followed up 
after the treatment period. Ten out of 23 patients had 
PH at baseline. Two participants were excluded from 
the study because of CPAP non-adherence. Effective 
CPAP was associated with a significant although modest 
reduction in the values for pulmonary systolic pressure from  
29 to 24 mmHg.

The recognition of adverse cardiovascular outcomes 
in patients with SDB is important not only due to the 
significant burden cardiovascular disease places on society, 
but also because effective treatment for OSA seems to 
curtail the cardiovascular risk in these patients. As described 
above, OSA is associated with many cardiovascular  
co-morbidities including hypertension, arrhythmias, CHF, 
and pulmonary HTN. The development of coronary artery 
disease may also be influenced by the presence of OSA (40). 
To explore the benefit of therapy, Marin et al. followed 277 
age-matched and BMI-matched healthy men, 389 men 
with simple snorers, 409 patients with mild-moderate OSA, 
and 667 patients with severe OSA. The OSA group was 
further sub-divided into patients who used PAP therapy and 
those who did not use PAP (41). Their results revealed that 
the incidence of fatal and non-fatal cardiovascular events 

in untreated patients with severe OSAS was significantly 
higher than in healthy participants recruited from the 
general population matched for age and BMI. Importantly, 
treatment with CPAP significantly reduced cardiovascular 
risk in patients with severe OSAS.

Neurocognitive associations 

Perhaps that best described neurologic sequela that also 
overlaps with cardiovascular consequences of OSA is 
stroke. Much work has been undertaken to understand 
the risk OSA portends for stroke. Other researchers have 
endeavored to study patients with SDB as a consequence of 
stroke. 

The previously mentioned cardiovascular consequences 
of OSA, including atrial fibrillation, heart failure, and 
hypertension, all can lead to stroke. However, OSA in itself 
seems to lead to an increased risk for stroke independent 
of these other factors. Data from an observational cohort 
study of 1,022 patients referred for polysomnography 
found that OSA lead to a statistically significant increase in 
the risk of stroke or death (HR 1.97; 95% CI, 1.12-3.48; 
P=0.01) after adjustment for age, sex, race, smoking status, 
alcohol-consumption status, body-mass index, and the 
presence or absence of diabetes mellitus, hyperlipidemia, 
atrial fibrillation, and hypertension (42). Cross-sectional 
data from the Sleep Heart Health Study suggests patients 
with a higher AHI are at an increased risk for stroke. 
A subsequent report by Shahar et al. created four equal 
size groups (quartiles) for each index of sleep-disordered 
breathing using its percentile distribution in the sample (40). 
Participants in the highest quartile were found to have a  
1.58 times greater odds for stroke compared to patients in 
the lowest quartile. A more recent analysis of prospective 
data from the Sleep Heart Health Study suggests that severe 
OSA is an independent risk factor in stroke for men (43). 

OSA appears not only to be a risk factor stroke, but also 
seems to be highly prevalent in the post-cerebrovascular 
accident (CVA) population. Findings from a 2010 meta-
analysis of 29 articles involving over 2,300 patients with 
stroke (ischemic, hemorrhagic or TIA) are presented  
below (44). The incidence of SDB with an AHI >5 was 72% 
and with an AHI >20 was 38%. A CNS insult is a known 
risk factor for central apnea, yet only 7% of the post-stroke 
patients with SDB had primarily central apnea in this 
analysis. 
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Treatment of SDB in patients whom have suffered 
a stroke may improve clinical outcomes. A prospective 
observational study involving 166 participants with stroke 
who subsequently underwent a sleep study reported that 
treatment of OSA improved mortality (45). Of these  
166 individuals, 96 who had an AHI of 20 or greater were 
offered CPAP therapy. Participants with an AHI of 20 or 
greater and intolerant of CPAP (n=68) had an increased 
risk of mortality (HR 2.69; 95% CI, 1.32-5.61) compared 
with participants with an AHI of less than 20 (n=70). 
Individuals intolerant of CPAP therapy were also found 
to have an increased risk of mortality (HR 1.58; 95% CI, 
1.01-2.49; P=0.04) when compared with participants with 
moderate to severe OSA who tolerated CPAP (n=28). No 
differences in mortality were identified among participants 
without OSA, those with mild disease, and those who 
were adherent to CPAP therapy. Immediate intervention 
for OSA in patients with stroke may impact short-term 
outcomes such as stroke severity and functional outcomes. 
Bravata et al. reported a population of 55 participants 
randomized to receive auto-CPAP therapy (n=31) within  
2 days of stroke and a control group who received usual care 
(n=24) (46). Only those with polysomnorgraphic evidence 
of sleep apnea were continued on a full 30 days of auto-
CPAP therapy. Individuals randomized to auto-CPAP had 
greater improvements in NIH Stroke Scale at 30 days (−3.0) 
compared to the control group (−1.0); P=0.03. Greater 
improvement was observed with increasing auto-CPAP use. 
Another small study evaluated introducing PAP therapy in 
patients with stroke undergoing inpatient rehabilitation (47). 
Participants were screened with PSG and 48 were identified 
to have significant sleep apnea (AHI ≥15). A total of  
22 participants completed the study with CPAP and another 
22 completed the standard care arm. CPAP was found to be 
of substantial benefit in terms of stroke recovery, functional 
and motor outcomes, and depression severity. CPAP 
therapy appeared to have minimal impact on cognitive 
outcomes.

The evidence that introduction of CPAP therapy to 
treat OSA improves stroke-specific outcomes remains small 
and mixed. Although the above studies suggest benefit of 
early CPAP intervention for patients with stroke and OSA, 
other small and similarly-designed studies failed to show 
significant impact of CPAP therapy on outcomes (48,49). 
To date, long-term data is lacking. Large randomized trials 
are needed to further assess the impact of treating OSA in 
patients with stroke. 

OSA is associated with variable degrees of neurocognitive 

impairment. Traffic accidents and work performance 
deficits are surrogate markers of these neurocognitive 
impairments in the OSA population that may be reported in 
clinic. Antonelli et al. found that 1 in 4 patients with newly 
diagnosed OSAS had severe neurocognitive impairment, 
particularly with regard to inductive and deductive thinking 
as well as constructive ability (50). Beebe and colleagues 
performed a meta-analysis of 1,092 patients with OSAS. 
Their results suggested a substantial impact of OSA upon 
vigilance and executive functioning (51). A number of small 
studies have evaluated various domains of neurocognition 
and pooled data suggest OSAS has negative effects on 
inductive and deductive reasoning, attention, vigilance, 
learning, and memory (52,53). Not all patients with OSA 
develop neurocognitive impairment and risk factors for 
development have been described (52). As with the other 
described clinical manifestations of OSA, treatment of SDB 
may ameliorate the neurocognitive consequences of this 
disease (53).

There also seems to be a bi-directional between sleep 
health and mood disorders. For instance, a prospective 
cohort study by Peppard included 1,408 patients and found 
a 1.8 fold risk for the development of depression in patients 
with OSA (54). Conversely those with baseline depression 
had a 1.6 fold risk for the development of OSA. This 
longitudinal study also found a dose-response association 
between OSA and depression, suggesting a possible a causal 
link between these conditions. Other studies have not found 
a relationship between depression and OSA with a link 
between the two seeming particularly weak in men (55). 

Despite the lack of definitive data confirming a 
relationship between OSA and depression, one disease 
may impact the other. A case series (n=17) explored the 
relationship between OSA and persistent major depression 
despite aggressive pharmacotherapy (56). Beck Depression 
Inventory (BDI) and Hamilton Rating Scale for Depression 
(HRSD) scores decreased significantly from 19.7 to 10.8 
and 16.7 to 8.0 after 2 months of CPAP treatment (both 
P<0.01). These participants had severe OSAS at baseline 
with a mean pre-treatment AHI of 52. Further, there was 
a significant reduction in residual depressive symptoms, as 
measured by BDI and HRSD, and in subjective daytime 
sleepiness reflected in the Epworth score. These findings 
suggest improvement in residual depressive symptoms 
may correlate with the improvement of daytime sleepiness 
by correcting the underlying apnea in these patients. 
Another trial found not only that treating OSA with CPAP 
improved depression symptoms, but also the magnitude 
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of improvement of depression symptoms correlated with 
the degree of improvement CPAP had on OSA (57). 
Depression also appears to modify the clinical course 
of OSA. In a cross-sectional study of participants with 
untreated OSA (n=56), participants were asked to complete 
the Center for Epidemiologic Studies Depression (CESD), 
Profile of Mood States (POMS) and Medical Outcomes 
Studies (MOS) surveys (58). Hierarchical linear regression 
was applied to the data and OSA severity explained 13.4% 
(P=0.022) of variance while depression scores explained 
an additional 24.5% of fatigue. These results suggest that 
depressive symptoms are of greater importance than OSA 
severity indices in explaining fatigue in patients with these 
comorbid diseases.

OSA-induced cognitive insults (manifested by impaired 
judgment, slowed reaction time, impaired learning, 
and poor working memory) may compromise driving 
and performance at work (59). Patients with OSA often 
complain of difficulty staying on task at work, falling asleep 
inappropriately at their work space, memory trouble causing 
professional difficulties, and administrative disciplinary 
action related to poor performance. Neurocognitive insult 
from OSA is particularly worrisome in driving, specifically 
in professional drivers in whom lapses may have dire 
consequences. The estimated increased risk for a motor 
vehicle accident in OSA population is 2-7 times that of the 
unaffected population (60). Data also suggests that effective 
intervention with positive airway pressure therapy leads to 
a return to baseline driving capabilities (61); however, the 
overall risk for a motor vehicle accident in an individual 
patient is more difficult to assess (62). The official ATS 
clinical practice guideline suggests risk stratification of 
drivers, and states that “there is no compelling evidence 
to restrict driving privileges in patients with sleep apnea if 
there has not been a motor vehicle crash or an equivalent 
event” (62). The guideline defines a high-risk driver as 
a patient with OSA and significant daytime sleepiness, a 
recent motor vehicle crash or near miss accident due to 
sleepiness, fatigue, or in-attention (62). The best approach 
to driving status in the non-sleepy patient with OSA is yet 
to be determined.

Cerebrovascular insult and impaired neurocognition 
are commonly associated with OSA. Therapy for OSA 
may ameliorate atherosclerotic progression and improve 
outcomes post-CVA. OSA should be considered in patients 
complaining of poor concentration at work, actual or near-
miss motor vehicle accidents, and patients with severe 
sleepiness as a component of their co-morbid mood disorder. 

Metabolic associations 

Evidence to date suggests that OSA has an adverse effect 
on individuals’ metabolic profile, particularly in moderate-
to-severe disease (63). The adverse impact of the OSA 
on glucose homeostasis, lipid metabolism, and fatty liver 
disease suggests that OSA should be considered as a 
potential component of metabolic syndrome (64,65).

Glucose metabolism is impacted by the presence of 
OSA. Alterations in the hypothalamic-pituitary-adrenal 
axis, aberrant sympathetic activation, induction of certain 
adipokines, and increased inflammation/oxidative stress 
caused by SDB have been identified as the intermediary 
steps between OSA and altered glucose metabolism (66). 
Investigators at Johns Hopkins used the frequently sampled 
intravenous glucose tolerance test in 118 non-diabetic 
participants with and without SDB to model the in vivo 
kinetics of glucose and insulin (67). They found a significant 
reduction in insulin sensitivity in patients with OSA, and 
this reduction in insulin sensitivity correlated with severity 
of SDB. These findings were independent of age, sex, race, 
and percent body fat.

Because physiologic abnormalities inherent in OSA are 
known to alter glucose metabolism, debate remains over the 
relationship between OSA and diabetes. . In a cross-sectional 
study of the Wisconsin Sleep Cohort, the odds ratio for 
having a physician diagnoses of diabetes mellitus with 
an AHI of 15 or greater versus an AHI of less than 5 was  
2.30 (95% CI, 1.28-4.11; P=0.005) after adjustment for age, 
sex, and body habitus (68). However, these investigators did 
not find a statistically significant independent causal effect 
for the development of type II diabetes in their prospective 
analysis. Also, the incidence of diabetes over a 4-year 
follow-up period was not significantly related to the severity 
of SDB at the time of initial enrollment in the cohort when 
shared risk factors were taken into consideration. Taking the 
opposite approach to the Wisconsin Cohort, investigators 
analyzing data from the Sleep Heart Health study assessed 
the prevalence of OSA in patients with type 2 diabetes (69). 
Descriptive analyses revealed differences between diabetic 
and non-diabetic participants in respiratory disturbance 
index (RDI) (RDI ≥15 prevalence 24% in diabetic cohort 
versus 15.6% in non-diabetic cohort), as well as sleep 
stages, sleep time < 90% O2 saturation, central apnea index, 
and periodic breathing (P<0.05, all). However, multivariable 
regression analyses that adjusted for age, sex, BMI, race, 
and neck circumference eliminated these differences for all 
sleep measures except percent time in rapid eye movement 
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(REM) sleep. Most studies to date have found an increased 
prevalence of diabetes in the OSA population; however, 
any elevated risk is typically nullified when adjusting for 
known cofounders. A recent cross-sectional analysis of 
6,616 participants found an increased risk of diabetes in 
patients with OSA even after controlling for cofounders. 
Investigators applied multivariate regression analysis to 
assess type two diabetes mellitus prevalence according 
to OSA severity, as measured by the oxyhemoglobin 
desaturation index (70). Results from this evaluation 
found that the prevalence of type 2 diabetes increased 
with severity of OSA (6.6% in participants without OSA 
compared to 28.9% in those with severe OSA). Further 
this increased prevalence persisted in patients with mild, 
moderate, and severe OSA compared to the group without 
OSA after adjustment for cofounders [OR (95% CI) of 1.33 
(1.04-1.72), 1.73 (1.33-2.25), and 1.87 (1.45-2.42) (P<0.001) 
respectively].Whether OSA has detrimental effects on 
diabetes risk remains unclear, but the high prevalence of 
diabetes in the OSA population is difficult to ignore. 

Correction of apneic events with positive airway pressure 
seems to modestly improve glycemic control. One of 
the largest studies by Harsch et al. attempted to assess 
the impact of CPAP therapy on insulin sensitivity (71).  
Forty non-diabetic participants (AHI >20) were treated 
with CPAP. Prior to initiation of CPAP, 2 days after, 
and after 3 months of effective CPAP treatment, 
hyperinsulinemic euglycemic clamp studies were performed 
to evaluate insulin sensitivity. Increased insulin sensitivity 
occurred after 2 days and remained stable after 2 months. 
Improvement in insulin sensitivity was most pronounced 
in the non-obese (BMI <30 kg/m2) participants suggesting 
that obesity plays a larger role in insulin resistance than 
apnea. Based on these results, however, non-obese patients 
may expect a more dramatic increase in insulin sensitivity 
following CPAP therapy. Two observational trials involving 
patients with moderate-to-severe OSA suggested modest 
improvements in HbA1C levels (~0.2% decrease in both 
studies) following 3-5 months of CPAP therapy (72,73).
Improvement in insulin sensitivity and glycemic control 
with correction of apnea via positive airway pressure 
therapy has not been universally confirmed, but overall 
positive airway pressure does appear to have some impact 
on glycemic control; particularly in those with severe  
OSA (74,75).

OSA appears to have an impact on lipid metabolism with 
studies suggesting functional abnormalities in high-density 
lipoproteins (HDL) and elevations in total cholesterol, 

low-density lipoproteins (LDL), and triglyceride levels 
(65,76,77). Compared to the other clinical abnormalities 
associated with OSA, much less data exists regarding 
this association. The pathobiology is just beginning 
to be understood and current data implicates OSA in 
decreased lipoprotein clearance, increased lipolysis, and 
enhanced hepatic lipid output (78). Further support 
for an interaction between OSA and lipid metabolism 
comes from an observed relationship between severity of 
desaturation and triglyceride and LDL levels in a murine 
model (79). Nominal data also exists linking CPAP therapy 
with improvement in dyslipidemia. A study in Greece 
evaluated serum risk factors at baseline and 6 months  
in 53 participants newly diagnosed with OSA (80). They 
were non-smokers with no comorbidities or medication 
use. These serum cardiovascular risk factors included 
high-sensitivity C-reactive protein, homocysteine, 
total cholesterol, triglycerides, HDL, and LDL. These 
participants were classified into three groups: group 1 
(n=20), good compliance (≥4 h use per night); group 2 
(n=19), poor compliance (<4 h use per night); and group 3 
(n=14), refusal of CPAP treatment. Group 1 had significant 
decreases in hs-CRP (P=0.03), homocysteine (P=0.005), 
total cholesterol (P=0.021), and total cholesterol/HDL-C 
ratio (P=0.018). Group 2 subjects showed a decrease 
in homocysteine levels (P=0.021) only. There were no 
significant changes from baseline in group 3. 

Recent interpretation of the available data has led 
to the suggestion that OSA is yet another constituent 
of the metabolic syndrome. Adult Treatment Panel III 
defines the metabolic syndrome as the presence of any 
three of the following five traits: (I) abdominal obesity; 
(II) elevated serum triglycerides or drug treatment for 
elevated triglycerides; (III) low serum HDL cholesterol; 
(IV) hypertension or drug treatment for elevated blood 
pressure; and (V) elevation in fasting plasma glucose or drug 
treatment for elevated blood glucose (81). The International 
Diabetes Federation (IDF) updated their metabolic 
syndrome criteria in 2006 with central obesity as an essential 
element in their definition (82). The correlation between 
OSA and visceral fat deposition has been well described. 
Work by Vgontzas et al. analyzed the fat deposition of  
14 obese participants with OSAS and ten obese participants 
without OSA (83). No differences between the two 
groups in terms of total body fat or subcutaneous fat were 
identified. The OSA group compared to obese controls had 
a significantly greater amount of visceral fat (P<0.05 at levels 
measured). Further, BMI and the amount of subcutaneous 
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fat did not correlate with metrics of OSA severity, whereas 
visceral obesity was significantly correlated with increasing 
AHI and degree of nocturnal hypoxemia. The fundamental 
role of central obesity in OSA and metabolic syndrome as 
well as the previously discussed associations between OSA 
and the other defining traits of the metabolic syndrome 
(hypertension, dyslipidemia, and hyperglycemia) suggests 
a possible common genetic determinant of this phenotype. 
There is currently inadequate data from humans, due to the 
inherent challenges of separating out effects of SDB and 
obesity, to completely understand the independent impact 
OSA has on metabolism.

Liver steatosis is a known manifestation of insulin resistance 
and metabolic syndrome. Recent investigations into the 
impact OSA has on individuals with the metabolic syndrome 
and the progression from asymptomatic hepatic steatosis, 
nonalcoholic fatty liver disease (NAFLD), nonalcoholic 
steatohepatitis (NASH), and finally cirrhotic liver disease have 
been undertaken. Unfortunately a paucity of data currently 
exists, but the data pool is expanding.Human studies are 
limited by less invasive evaluations of the liver (imaging, liver 
enzymes) and do not distinguish between hepatic steatosis, 
NAFLD, and NASH. Most histopathologic data come from 
OSA patients with severe morbid obesity that undergoes a liver 

biopsy during bariatric surgery (84). OSA may lead to hepatic 
steatosis. A study by Tanné et al. evaluated liver damage in  
163 consecutive nondrinking patients who had undergone 
polysomnographic recording for clinical suspicion of  
OSA (85). Liver enzymes were obtained in all patients, and 
liver biopsy was offered to patients with elevated liver enzymes. 
Participants with severe OSA (defined as an AHI >50 events 
per hour) had a higher percentage of steatosis as well as liver 
necrosis and fibrosis, despite having a similar BMI. Other small 
studies have not demonstrated an association between OSAS 
and hepatic steatosis (86,87). Although a study of 40 obese 
Japanese men with sleep apnea reported that an intervention 
with nasal CPAP to correct SDB ameliorated liver injury, 
independent of changes in adiposity (88). 

OSA screening

As outlined above OSA can have significant health 
consequences. Appropriate screening for OSA by primary 
care providers or sleep specialist is essential to establishing 
a diagnosis and initiating appropriate treatment. Health 
care providers screening patients in clinic should take into 
consideration the classic signs and symptoms as well as high 
risk populations as outlined in Figure 2.

Figure 2 Flow chart for screening of patients suspected of having obstructive sleep apnea (OSA) (89). OSAS, obstructive sleep apnea 
syndrome.
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Conclusions

OSA can present in a variety of ways. OSA can significantly 
impact co-morbid disease leading to worse outcomes in 
this patient population. Providers should be vigilant of 
some the more subtle clinical manifestations of OSA. 
The cardiovascular, neurocognitive, and metabolic 
manifestations and can have a significant impact on patient 
health and quality of life Evidence exists that therapy 
not only improves outcomes in general, but modifies 
the severity of co-morbid disease as well. As the obesity 
epidemic increases, providers will be faced with more 
patients suffering from OSA. To mitigate the long-term 
sequela of this disease, providers should be prepared to 
order appropriate screening tests and provide proper 
longitudinal management. 
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