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INTRODUCTION

Sleep disordered breathing (SDB), characterized by re-

peated episodes of airway obstruction during sleep, is report-

edly increasing in prevalence commensurate with the obesity 

epidemic.1,2 SDB is associated with independent risk factors for 

coronary heart disease (CHD) including prevalent and incident 

hypertension, nocturnal nondipping of blood pressure, and di-

abetes mellitus.3–5 An association between SDB and CHD has 

been reported in several observational and clinic-based cross-

sectional studies.6,7 However, studies on the incidence of new 

CHD among individuals with SDB in nonclinical populations 

have shown variable results.8–16 In the largest longitudinal study 

to date, the Sleep Heart Health Study, SDB was associated 

with incident cardiovascular disease among men 40–70 y old 

with the most severe SDB (apnea-hypopnea index [AHI] ≥ 30). 

The association was significant for incident heart failure but 

not for CHD and was seen only in men.9 A recent systematic 

review and meta-analysis of incident CHD studies showed an 
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overall trend but not conclusive evidence for an association of 

incident cardiovascular disease with SDB.17 The meta-analysis 

result was limited by marked heterogeneity between studies 

likely caused by differences in study populations, outcome 

measurements, adjustment for varied confounders, and length 

of follow-up, warranting recommendation by the authors for 

further high-quality evidence to determine causality in the 

association between SDB and cardiovascular disease.17,18 A 

recent study investigating the role of obstructive sleep apnea 

(OSA) and CPAP therapy on the incidence of stroke or CHD in 

women reported that untreated sleep apnea is associated with 

increased incidence of stroke, and that adequate continuous 

positive airway pressure (CPAP) treatment reduced the risk.18 

We investigated the association between baseline SDB status 

and new CHD or heart failure incidence among participants 

followed up to 24 y in the Wisconsin Sleep Cohort Study to 

further examine the hypothesis that SDB is an independent 

risk factor for CHD and heart failure in middle-aged men and 

women.

METHODS

Sample

The Wisconsin Sleep Cohort was established in 1988 as a 

prospective, population-based study of predictors, outcomes, 

and natural history of SDB.19,20 Protocols and informed con-

sent documents were approved by the University of Wisconsin 

Health Sciences Institutional Review Board. In brief, 30- to 

60-y-old men and women living in south-central Wisconsin 
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mean age of the participants was 47 y and mean BMI was 30. 

Participants with SDB were more likely to be male, older, and 

have higher BMI, hypertension, and diabetes mellitus.

Incident CHD or Heart Failure, Types and Percent

As shown in Table 2, 196 participants experienced first-time 

CHD or heart failure events during follow-up; this corresponded 

to an incidence of 10.9 per 1,000 person-years. The majority of 

incident events reported were myocardial infarction (30%) or 

coronary artery revascularization procedures including percu-

taneous coronary interventions (angioplasty and stent place-

ments) and coronary artery bypass graft surgery (41%). Another 

15% of events were diagnoses of heart failure and 12% were 

CHD or heart failure related cardiovascular deaths. One hun-

dred eighty-one events were incident CHD only.

Association of SDB and Incident CHD or Heart Failure

The unadjusted incidence of combined CHD or heart failure 

events was 7.1%, 14.6%, 23.1%, 27.5%, and 43.5% in the groups 

with AHI = 0, AHI > 0 to ≥ 5, AHI 5 to ≥ 15, AHI 15 to ≥ 30, 

and AHI ≥ 30, respectively, among participants who were not 

treated with CPAP (n = 1,131) (Table 3). With adjustment for 

age and sex only, there was a significant association between 

SDB and increased incidence of CHD or heart failure across 

all SDB categories, with the highest HR in the AHI ≥ 30 cat-

egory at 5.4. After further adjusting for BMI and smoking his-

tory, the association of SDB with incident CHD or heart failure 

still showed a significant trend (P = 0.02): HRs (95% CI) were 

1.5 (0.9–2.6), 1.9 (1.05–3.5), 1.8 (0.85–4.0) and 2.6 (1.1–6.1) in 

the minimal, mild, moderate and severe SDB categories, re-

spectively, compared to no SDB. Using Log2AHI [modeled by 

Log base 2 (AHI+1)], a two-fold increase in AHI was associ-

ated with a 1.14-fold (1.03–1.27) higher risk of CHD or heart 

failure (P = 0.01).

After further adjustment for duration of sleep, a significant 

trend (P = 0.03) remained. We also added variables for total 

cholesterol and HDL cholesterol to the model and the HRs for 

severe SDB remained significant (data not shown).

As shown in Table 4, when all participants, including 149 

participants who were treated with CPAP or wore the CPAP on 

the night of the studies, were included (entire sample n = 1,280), 

the HR for severe SDB predicting incident CHD or heart 

failure remained significant (HR = 2.3: 95% CI: 1.1–4.8), al-

though the P value for trend in the HR was not (P = 0.1). Using 

log2AHI, a twofold increase in AHI was associated with 1.10-

fold (1.00–1.20) higher risk of CHD or heart failure (P = 0.055). 

These findings that included participants treated with CPAP 

are consistent with an expected small underestimation of the 

association due to potential beneficial effect of CPAP on CHD 

or heart failure risk in persons with treated SDB.

We further analyzed the association of SDB with inci-

dent CHD or heart failure stratified by sex in all participants 

(Table 5). Among 587 women, 57 experienced incident CHD or 

heart failure events; of 693 men, 139 men experienced incident 

Table 3—The association of untreated sleep disordered breathing with incident coronary heart disease or heart failure events.

AHI Severity 
Category Total, n (%)

Incident
Events, n (%)

Rate per 1,000 
Person Years (95% CI)

Hazard Ratios (95% CI)

Adjusted for
Age and Sex

Additionally Adjusted for 
BMI and Smoking

0 238 (21) 17 (7.1) 4.7 (2.8, 7.4) Reference Reference

> 0 to ≥ 5 683 (60) 100 (14.6) 10.6 (8.7, 12.9) 1.88 (1.12, 3.16) 1.53 (0.91, 2.59)

5 to ≥ 15 147 (13) 34 (23.1) 18.9 (13.3, 26.1) 2.74 (1.52, 4.96) 1.92 (1.05, 3.53)

15 to ≥ 30 40 (4) 11 (27.5) 21.8 (11.5, 38.0) 2.64 (1.22, 5.72) 1.84 (0.85, 4.02)

≥ 30 23 (2) 10 (43.5) 41.5 (21.1, 73.9) 5.36 (2.41, 11.89) 2.63 (1.13, 6.10)

P trend < 0.0001 0.017

n = 1,131, excluding 149 participants treated with continuous positive airway pressure at baseline or at follow-up visits. AHI, apnea-hypopnea index; 

BMI, body mass index; CI, confidence interval.

Table 4—The association of sleep disordered breathing with incident coronary heart disease or heart failure events in all participants (including 

participants treated with continuous positive airway pressure).

AHI Severity 
Category Total, n (%)

Incident
Events, n (%)

Rate per 1,000 
Person Years (95% CI)

Hazard Ratios (95% CI)

Adjusted for
Age and Sex

Additionally Adjusted for 
BMI and Smoking

0 246 (19) 18 (7.3) 4.8 (2.9, 7.4) Reference Reference

> 0 to ≥ 5 735 (57) 108 (14.7) 10.5 (8.6, 12.6) 1.83 (1.11, 3.02) 1.52 (0.91, 2.52)

5 to ≥ 15 182 (14) 39 (21.4) 16.2 (11.7, 21.9) 2.51 (1.43, 4.41) 1.81 (1.02, 3.22)

15 to ≥ 30 66 (5) 14 (21.2) 15.0 (8.6, 24.6) 1.92 (0.94, 3.90) 1.23 (0.60, 2.53)

≥ 30 51 (4) 17 (33.3) 29.2 (17.6, 45.7) 4.90 (2.50, 9.59) 2.34 (1.14, 4.82)

P trend < 0.0001 0.10

n = 1,280, including 149 participants treated with continuous positive airway pressure at baseline or at follow-up. AHI, apnea-hypopnea index; BMI, body 

mass index; CI, confidence interval.
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CH D or heart failure events. The F-test for an overall sex-SDB 

severity interaction was not significant (P = 0.18).

Examination of oxyhemoglobin desaturation levels in 740 

participants showed a consistent association—more time spent 

below 90% saturation was associated with higher hazards of 

incident CHD or heart failure, but the association did not reach 

statistical significance (P = 0.11). We also examined time-

varying SDB exposure models that incorporated both baseline 

and subsequent, postbaseline SDB assessments. These models 

did not show a significant association with incident CHD or 

heart failure (data not shown).

To evaluate whether the association between SDB and CHD 

or heart failure may be mediated, in part, by elevated blood 

pressure or metabolic dysregulation, we examined models that 

additionally adjusted for hypertension and diagnosed diabetes 

mellitus. If either or both conditions act as intermediary mech-

anisms by which SDB affects CHD risk, then adjustment for 

these factors would be expected to attenuate SDB-heart dis-

ease associations. When we added hypertension and diabetes 

mellitus to the baseline SDB model, the HR for incident CHD 

or heart failure for AHI ≥ 30 was decreased to 1.65 (0.69, 3.98) 

(P trend = 0.13), suggesting that some of the relationship be-

tween SDB, CHD, and heart failure may be mediated or con-

founded (or both) by hypertension and diabetes mellitus. We 

also investigated physical activity as a potential confounder for 

the SDB-heart disease association but found no evidence of 

confounding. All examined interactions of SDB with age, sex, 

BMI, and diabetes were not statistically significant.

Association of SDB with Incident CHD Only

Because the self-reported history of congestive heart failure, 

compared to CHD, may differ in accuracy, we analyzed the 

association of incident CHD only, as shown in Table 6. The 

association of SDB with incident CHD only in untreated SDB 

(excluding the 149 participants who used CPAP) showed a sim-

ilar but less significant trend (P = 0.06): the HR for incident 

CHD in the fully adjusted model was 2.4 (0.99–6.0) for the 

AHI ≥ 30 category. Using Log2 AHI, a twofold increase in AHI 

was associated with a 1.11-fold (1.00–1.24) higher risk of CHD 

in untreated sample (P = 0.053). This association remained sig-

nificant using the entire sample (n = 1,279), including the 149 

participants who were treated or used CPAP: HR was 2.3 (1.1–

5.0) for the association between severe SDB and incident CHD 

(P trend = 0.17) (Table 7). Using log2 AHI, a twofold increase 

in AHI was associated with a 1.08-fold (0.98–1.19) higher risk 

of CHD in the entire sample (P = 0.14).

DISCUSSION

In our prospective, population-based cohort study of middle-

aged women and men, followed up to 24 y, SDB was associ-

ated with incident CHD or heart failure after adjusting for age, 

sex, BMI, and smoking. The association was strongest in the 

most severe SDB category and remained significant after fur-

ther controlling for sleep duration, total cholesterol, and HDL 

cholesterol.

When we controlled for hypertension and diabetes mellitus, 

the HRs for incident CHD or heart failure no longer achieved 

Table 5—Association between sleep disordered breathing and incident coronary heart disease or heart failure stratified by sex in all participants (n = 1,280).

AHI Overall Women Men Interaction Signific

a

nce

1. Categorical HR CI P HR CI P HR CI P

0 Ref Ref Ref

> 0 to ≥ 5 1.5 (0.9, 2.5) 0.11 2.8 (0.98, 8.1) 0.054 1.1 (0.6, 1.9) 0.85 0.096

5 to ≥ 15 1.8 (1.0, 3.2) 0.044 4.6 (1.5, 14.6) 0.01 1.1 (0.5, 2.1) 0.85 0.035

15 to ≥ 30 1.2 (0.6, 2.5) 0.57 3.7 (0.8, 15.8) 0.08 0.8 (0.3, 1.7) 0.52 0.056

≥ 30 2.3 (1.1, 4.8) 0.02 3.8 (0.6, 23.7) 0.15 1.7 (0.8, 3.8) 0.17 0.21

 Overall F-test of all interaction terms P = 0.18

2. Continuous 1.1 (0.98, 1.3) 0.10 1.4 (1.0, 1.9) 0.04 1.1 (0.9, 1.3) 0.49 0.21

3. Log2 AHI 1.1 (1.0, 1.2) 0.055 1.3 (1.0, 1.5) 0.018 1.1 (0.9, 1.2) 0.35 0.14

All models adjusted for age, BMI, and smoking. AHI, apnea-hypopnea index; BMI, body mass index; CI, confidence interval; HR, hazard ratio; Ref, reference.

Table 6—The association of untreated sleep disordered breathing with incident coronary heart disease events only.

AHI Severity 
Category Total, n (%)

Incident
Events, n (%)

Rate per 1,000
Person Years (95% CI)

Hazard Ratios (95% CI)

Adjusted for
Age and Sex

Additionally Adjusted for 
BMI and Smoking

0 238 (21) 16 (6.7) 4.5 (2.6, 7.1) Reference Reference

> 0 to ≥ 5 685 (60) 96 (14.0) 10.1 (8.3, 12.3) 1.89 (1.11, 3.21) 1.55 (0.90, 2.65)

5 to ≥ 15 146 (13) 31 (21.2) 17.3 (12.0, 24.3) 2.52 (1.37, 4.66) 1.79 (0.96, 3.35)

15 to ≥ 30 40 (4) 10 (25.0) 19.8 (10.1, 35.3) 2.34 (1.05, 5.24) 1.66 (0.74, 3.74)

≥ 30 21 (2) 8 (38.1) 35.1 (16.3, 66.6) 4.73 (2.00, 11.19) 2.44 (0.99, 6.02)

P trend 0.0002 0.06

n = 1,130, excluding 149 participants treated with continuous positive airway pressure; heart failure events were not counted as events in the analysis.

AHI, apnea-hypopnea index; BMI, body mass index; CI, confid

e

nce interval.
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lipoprotein (HDL) cholesterol at baseline were used as con-

tinuous variables.

Statistical Analysis

SAS software (SAS Institute, Inc. Cary, NC, Version 9.1.3) 

was used. Total number of person-years were accumulated 

from baseline study to date of incident CHD or heart failure 

or date of last follow-up. We computed incident CHD or 

heart failure rates (events/1,000 person-years) and 95% Fisher 

exact confidence intervals (95% CI) by SDB categories and 

continuous SDB severity parameterizations at baseline. Cox 

proportional hazards regression models were used to estimate 

adjusted hazard ratios (HRs) and 95% CIs using SAS PHREG 

software. Trends were examined by testing the significance 

of SDB categories as a linear term and by using log base 2 

(AHI+1). Because of the strong dependence of CHD risk on 

age, Cox regression models were based on age as the time scale, 

allowing for left truncation (late entry).23 In the regression 

models, we examined sex, BMI, smoking, alcohol use, HDL, 

total cholesterol, physical activity, diabetes, hypertension, and 

sleep duration as potential confounding and/or mediating fac-

tors. Interactions of SDB with age, sex, BMI and diabetes in 

predicting incident CHD or heart failure were examined. In 

addition to examining associations of baseline SDB severity 

with CHD or heart failure outcomes, we also performed time-

varying exposure regression modeling that included follow-up 

SDB and covariate assessments to predict CHD or heart failure 

incidence. In analyses examining baseline SDB severity as a 

predictor of incident CHD or heart failure, participants who 

used CPAP devices during baseline polysomnography (n = 9) 

were also included in the severe SDB category (AHI ≥ 30); sen-

sitivity analyses excluding these subjects were also performed. 

We examined associations between SDB and CHD or heart 

failure in the subset of participants (n = 1,131) who were never 

treated with CPAP—i.e., at baseline or any subsequent assess-

ments. We also analyzed the associations of SDB with incident 

CHD or heart failure in the entire sample (n = 1,280) including 

149 participants who were treated with CPAP at baseline or at 

follow-up visits.

We further analyzed models examining the association of 

SDB with incident CHD only (heart failure events were not 

counted as events in these analyses) in the untreated subset 

(n = 1,130) as well as in the entire sample including those 

treated with CPAP (n = 1,279) to examine the effect of CHD 

only, because self-reports of heart failure might be not as ac-

curate as those of coronary heart disease events.

RESULTS

Participant Characteristics

Characteristics of all study participants (n = 1,280) are de-

scribed in Table 1. Total person-years observed was 17,978. 

Approximately one in four participants had at least mild SDB: 

14% had mild SDB (AHI 5 to ≥ 15), 5% had moderate SDB 

(AHI 15 to ≥ 30) and 4% had severe SDB (AHI ≥ 30). The 

Table 1—Baseline characteristics of all participants categorized by apnea-hypopnea index severity (n = 1,280).

Characteristic

Apnea-hypopnea Index Severity Category

0 > 0 to ≥ 5 5 to ≥ 15 15 to ≥ 30 ≥ 30
a 

N 246 735 182 66 51  

Percent of sample (%) 19 57 14 5 4 

Male, n (%) 92 (37) 400 (54) 116 (64) 47 (71) 38 (75)

Age in y, mean (SD) 45 (7) 47 (8) 49 (8) 50 (9) 48 (9)

Body mass index, kg/m
2, mean (SD) 27 (5) 29 (6) 32 (7) 34 (6) 38 (8)

Current smoker, n (%) 46 (19) 127 (17) 31 (17) 10 (15) 8 (16)

More than 7 alcoholic drinks/week, n (%) 31 (13) 124 (17) 30 (16) 18 (27) 9 (18)

Hours per week of exercise, mean (SD) 2.8 (2.6) 2.3 (2.3) 1.8 (2.1) 2.5 (2.7) 1.1 (1.4)

Hypertension, n (%)
b 51 (21) 209 (28) 77 (42) 33 (50) 36 (71)

Diabetes, n (%)
c 1 (0.4) 19 (2.6) 6 (3.3) 2 (3.0) 7 (13.7)

Total cholesterol, mean (SD) d 202 (40) 202 (38) 213 (39) 211 (34) 212 (36)

HDL, mean (SD) d 49 (15) 47 (14) 44 (13) 42 (13) 39 (11)

aThe nine individuals who used continuous positive airway pressure during polysomnography were assigned to this category. bMeasured systolic blood 

pressure ≥ 140 mm Hg or diastolic blood pressure ≥ 90 mm Hg or use of antihypertensive medications. 
cPhysician diagnosed type II diabetes mellitus or 

on medication for type II diabetes mellitus. dNot available on entire sample, n = 1,201. HDL, high-density lipoprotein; SD, standard deviation.

Table 2—Type of incident event in the combined coronary heart 

disease or heart failure group and in coronary heart disease-only 

group.

Type of Event CHD or HF CHD only

Myocardial infarction 59 (30) 65 (36)

Heart failure 29 (15) NA

Heart failure and myocardial infarction 5 (3) NA

Coronary revascularization procedures 80 (41) 91 (50)

Cardiovascular death 23 (12) 25 (14)

Total 196 (100) 181 (100)

Values given as n (%). The type of event is based on the first incident 

event. Participants may have had multiple types of events over time, 

for example, heart failure event first and then undergo a cardiac 

revascularization procedure. Thus, the type of event will vary depending 

on whether heart failure is included as an event or not. CHD, coronary 

heart disease; HF, heart failure.
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disease management. Sixty-one patients with past or current AF were

excluded from the latter group. Characteristics of the study popula-
tion are described in Table 1.

Diagnosis of OSA
The presence of OSA was determined by the Berlin questionnaire, a

validated instrument designed to identify individuals with OSA.16,17

The questionnaire includes 1 introductory and 4 follow-up questions
about snoring, 3 questions about daytime somnolence (including 1

concerning sleepiness while driving), and 1 question about history of

hypertension. It also collects information about age, gender, race and

ethnicity, height, weight, and neck circumference. Presence of OSA
is determined by positive responses to at least 2 of the following 3

criteria: (1) persistent symptoms ( 3 times per week) for at least 2

snoring questions, (2) persistent ( 3 times per week) somnolence

during daytime and/or while driving, and (3) history of hypertension

or a body mass index 30 kg/m2. The questionnaire has high internal
validity (Cronbach correlations 0.86 to 0.92) and performs accu-

rately, with a sensitivity of 0.86, specificity of 0.77, and a positive

predictive value of 0.89 in a primary care setting.17

Validation of the Questionnaire
We validated the accuracy of the questionnaire in our study popu-
lation by assessing its results in patients who had undergone formal

sleep studies (n 44), which were performed by monitoring of the

electroencephalogram, electrooculogram, submental and anterior
tibial electromyograms, ECG, thoracoabdominal excursions (by

respiratory inductive plethysmography), oronasal airflow (by ther-
mistor or airflow pressure transducer), and arterial oxygen saturation

(by pulse oximetry). An apnea was defined as a cessation of airflow

for 10 seconds and hypopnea as a 50% reduction in airflow for
10 seconds, both in the setting of active ventilatory efforts. The

apnea-hypopnea index was calculated as the mean number of apneas

and hypopneas per hour of sleep. The diagnosis of OSA was
established in accordance with the sleep study criteria recommended

by the American Academy of Sleep Medicine.18 The sensitivity,

specificity, and positive predictive value of the questionnaire in our
study sample was calculated using the sleep study results as the “gold

standard.”
Patients with OSA identified by the questionnaire received a letter

that described the finding and recommended consultation with their

personal physician. Informed consent was obtained from all partic-

ipants, and the institutional committees on human research approved

the study.

Statistical Analysis
Characteristics of the study population were expressed as means

(with SDs), medians (with interquartile ranges), and counts (with

percentages). Differences between the AF group and the general

cardiology group were tested by the unpaired t test or Wilcoxon

rank-sum test for continuous variables and the 2 test for categorical

variables. We calculated Bayesian confidence intervals (CI) for the

proportions of patients with OSA in the AF group and the general

cardiology group, and the proportions were compared by the 2 test.

Statistical significance was established by 0.05. The OR and 95%

CI for the association between OSA and covariates were assessed by

univariate logistic regression. After adjustment for relevant covari-

ates, multiple logistic regression modeled the adjusted OR and 95%
CI for the association between AF and OSA.

Results

Characteristics of Study Population
Table 1 describes the characteristics of the study population.

The AF Group and General Cardiology Group had statisti-

cally similar gender distribution, age, body mass index, and

rates of diabetes, hypertension, and congestive heart failure.

The AF Group had slightly larger neck circumference (41

versus 40 cm, P 0.001) and a significantly lower rate of

coronary artery disease (33% versus 50%, P 0.001).

Validation of Questionnaire
Compared with the gold standard of an overnight sleep study,

the questionnaire performed with 0.86 sensitivity and 0.89

specificity and had a positive predictive value of 0.97 for

OSA. The mean apnea-hypopnea index was 56 ( 34) in

patients whom the questionnaire identified as having OSA,

compared with 1.4 ( 1.3) in patients whom it identified as

not having OSA (P 0.0001).

Association of AF and OSA
The proportion of patients with OSA was significantly higher

in the AF group than in the general cardiology group (49%

[95% CI 41% to 57%] versus 32% [95% CI 27% to 37%],

P 0.0004; Figure 1). Furthermore, to take into account

potential misclassifications of OSA diagnoses by the ques-

tionnaire, we also analyzed a worst-case scenario in which the

TABLE 1. Characteristics of the Study Population

AF

Patients

(n 151)

General Cardiology

Patients

(n 312) P

Male gender, n (%) 97 (64) 181 (58) 0.200

White race, n (%) 148 (98) 289 (93) 0.018

Age, y

Mean SD 71 12 68 14 0.078

Median, IQR 73 (66–78) 71 (60–78)

Body mass index, kg/m2

Mean SD 29 6 29 6 0.617

Median, IQR 28 (24–32) 28 (25–33)

Neck circumference, cm

Mean SD 41 5 40 5 0.001

Median, IQR 41 (38–44) 39 (36–42)

Hypertension, n (%) 99 (66) 215 (69) 0.441

Diabetes, n (%) 26 (17) 74 (24) 0.107

Coronary artery disease, n (%) 49 (33) 157 (50) 0.001

Congestive heart failure, n (%) 28 (19) 38 (12) 0.068

IQR indicates interquartile range.

Figure 1. Proportion and 95% CI of patients with OSA. Preva-
lence of OSA is significantly higher in patients with AF than in
patients without past or current AF in general cardiology prac-
tice (49% [95% CI 41% to 57%] vs 32% [95% CI 27% to 37%],
P 0.0004).

Gami et al Atrial Fibrillation and OSA 365
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CPAP Compliance

• 4 hours per night;             

5 days per week

• 29-83% compliance rate



Alternate Options

• Oral Appliance Therapy

• Body Positioning Device

• Surgery

• Palate

• UPPP

• Expansion Sphincteroplasty

• Uvulopalatal flap

• Lateral pharyngoplasty

• Z-palatopharyngoplasty

• Transpalatal advancement 
pharyngoplasty

• Tongue Base

• TORS

• RFA

• Hypopharynx

• Hyoid myotomy & advancement 

• Jaw

• Mandibulomaxillary Advancement

• Genioglossal advancement

• Upper Airway Stimulation 
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Upper Airway Stimulation

Provides direct stimulation to neuromuscular structures that 

are normally responsible for maintaining airway patency

• Does not alter native anatomy

• Well tolerated

• Very effective

• Excellent adherence



Upper Airway Stimulation:



Factors That Influence OSA

• Anatomy / Closing pressure (p crit)

• Inadequate response of pharyngeal dilators –

neuromuscular tone

• Loop Gain

• Low arousal threshold
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Screening

• Established diagnosis of moderate to severe OSA 
• PSG

• HST

• Failed PAP therapy

• Do not have psychological aversion to an implanted device

• Medically stable to tolerate general anesthesia

• No medical conditions that would preclude implantation:
• Neuromuscular disease

• Disease processes that require routine MRI examination

• Presence of other devices that would preclude implantation



Failure of CPAP

• Patients who cannot tolerate 

CPAP

• Non-adherence 46-83%

• Failure of PAP not defined

• Consideration of surgical or non 

surgical options to facilitate PAP 

use

Weaver, TE  et al.  Adherence to Continuous Positive Airway Pressure

Therapy:  The Challenge to effective treatment.  Proceedings of the

American Thoaracic Society.  5(2).  Feb  173-8



Use of UAS and Other Medical Devices:

• Presence of other medical devices of future need of medical 

devices does NOT preclude implantation

• Spinal stimulators

• Internal Cardiac Defibrillators (ICD)

• Nerve stimulators

Gillespie, B. et al. Implantation of a defibrillator in a patient with an upper airway stimulation device

Laryngoscope 2015 

Heiser, C., Technical tips during implantation of selective upper airway stimulation.  Laryngoscope 2017



Candidacy:

• AHI 15-65

• BMI <35

• <25% central sleep apnea

• DISE:

• Pattern of airway collapse with high probability of response to 

therapy



Central Sleep Apnea

• Inspire is responsive to inspiratory effort

• True central events would not trigger device activation

• Complex sleep apnea is not necessarily a contraindication to 

implantation

• Anecdotally have implanted several patients with success



BMI:

• Neck circumference is probably better predictor of 

candidacy than BMI

• Truncal obesity

• Weight carried in the neck and head
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Surgery:
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Support for Upper Airway Stimulation for OSA:

• Multiple peer reviewed 

publications 

• Surgical success 66%-96%

• Drastic improvement in QoL

• Extremely low complications

• Durability of therapy

Upper Airway Stimulation for Treatment of Obstructive Sleep Apnea:  An 

Evaluation and Comparison of Outcomes 

at Two Academic Centers.  J Clin Sleep Medicine.  2017 
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Study Objectives: Data from patients at Thomas Jefferson University Hospital (TJUH) and University of Pittsburgh Medical Center (UPMC) undergoing 

upper airway stimulation (UAS) were analyzed. We hypothesize that treatment with UAS will improve both subjective and objective outcome measures and 

results will be reproducible between institutions.

Methods: We reviewed patients undergoing UAS between May 2014 and August 2016. We recorded demographic data, Epworth Sleepiness Scale (ESS), 

and preoperative and postoperative polysomnographic information. We compared outcome data between institutions and subsequently combined the cohorts 

and compared baseline to posttreatment results.

Results: The TJUH cohort consisted of 30 males and 18 females with a mean age of 60.88 years and body mass index of 29.29. The mean preoperative 

apnea-hypopnea index (AHI), O2 nadir, and ESS were 35.88, 80.96, and 11.09, respectively. The mean postoperative AHI, O2 nadir, and ESS were 6.34, 

88.04, and 5.77, respectively. The UPMC cohort consisted of 30 males and 19 females with a mean age of 62.84 years and body mass index of 27.74. The 

mean preoperative AHI, O2 nadir, and ESS were 35.29, 79.58, and 10.94, respectively. The mean postoperative AHI, O2
 nadir, and ESS were 6.28, 84.35, 

and 6.60, respectively. We found no difference in patients reaching a postoperative AHI less than 15, 10, and 5 when comparing the cohorts. After combining 

cohorts, we found a significant improvement in postoperative AHI, O2
 nadir, and ESS compared to preoperative values.

Conclusions: UAS appears to provide a viable alternative to continuous positive airway pressure, producing improvement in both polysomnographic and 

quality-of-life measures. Results are reproducible at high-volume centers.

Keywords: sleep apnea, sleep surgery, upper airway stimulation
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comparison of outcomes at two academic centers. J Clin Sleep Med. 2017;13(9):1075–1079.

INTRODUCTION

Obstructive sleep apnea (OSA) is the most common sleep-re-

lated breathing disorder and is associated with a host of negative 

health consequences. The prevalence of this disease is increas-

ing as obesity is becoming more rampant and has been shown to 

affect at least 6% of women and 13% of men.1–3 Continuous pos-

itive airway pressure (CPAP) has long been the standard of care 

for treatment of OSA. However, one of the most troublesome 

limitations is low adherence to therapy. Recent data show that 

adherence can be improved to as high as 83%, utilizing a strong 

patient support structure through telephone calls and telehealth 

sessions.4 Nevertheless, limitations in CPAP adherence may 

result in a substantial portion of patients with persistent symp-

toms and/or persistent cardiovascular risks.5 Therefore, for pa-

tients with OSA who remain untreated or inadequately treated 

with CPAP and other conservative management options, de-

spite concerted efforts to optimize adherence and outcomes, a 

strong need exists for novel therapeutic approaches.

Upper airway stimulation (UAS) therapy was recently intro-

duced as an alternative for patients who cannot adhere to CPAP, 

and has rapidly proven to be an important addition to the surgi-

cal armamentarium for the treatment of OSA. In this study, we 
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report UAS outcome data at two academic centers, Thomas Jef-

ferson University Hospital (TJUH) and University of Pittsburgh 

Medical Center (UPMC). We hypothesize that treatment with 

UAS will improve both subjective and objective outcome mea-

sures and that results will be comparable between institutions.

METHODS

After obtaining institutional review board approval, we com-

piled clinical information on all patients who had undergone 

BRIEF SUMMARY
Current Knowledge/Study Rationale: In clinical trials, upper 
airway stimulation has proved to be a promising alternative treatment 
modality for select patients with obstructive sleep apnea unable to 
tolerate continuous positive airway pressure. However, until this point, 
outcome data in the clinical realm have been limited to single center, 
small cohort trials.
Study Impact: With this study, we reviewed the largest cohort of 
patients undergoing upper airway stimulation therapy in the clinical 
setting and found not only improved outcomes with therapy, but 
reproducible results at two separate institutions.
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preoperative values. (Figure 2) There was no difference when 

comparing the postoperative BMI to the preoperative value.

Procedure-related adverse events in the TJUH cohort in-

cluded 1 temporary hypoglossal nerve paresis and 2 temporary 

marginal mandibular nerve pareses, each of which spontane-

ously resolved. One patient experienced temporary dysarthria 

and 1 implant was removed at the patient’s request due to a 

perceived lack of symptomatic improvement with therapy. The 

removal of the implant occurred after the patient underwent ti-

tration PSG allowing their inclusion in the study. In the UPMC 

cohort, complications included 2 seromas that were treated with 

needle aspiration, pressure dressing, and an antibiotic course 

and 1 instance of marginal mandibular nerve paresis, which 

resolved spontaneously. Device-related adverse events included 

headache (3 patients), tongue discomfort (3 patients), dysarthria 

(2 patients), and multiple awakenings (1 patient) after activa-

tion in the TJUH cohort. In the UPMC cohort, there were 4 pa-

tients with dry mouth, 3 patients with headache, 2 patients with 

incisional discomfort, 1 patient with a tongue abrasion, and 1 

patient being awakened by the device after activation. All de-

vice-related effects were transient, and assessed as being mild.

Total usage time was recorded by the UAS device and col-

lected after interrogation. Data recorded by the device is lim-

ited to total hours used and mean hours of usage per week since 

the last interrogation. Data on adherence to therapy were col-

lected at each follow-up visit. In the TJUH cohort, the mean 

Table 2—Comparison of preoperative and postoperative outcomes between institutions.

TJUH UPMC P 

Preoperative AHI 35.88 ± 20.82 35.29 ± 15.33 .280

Preoperative O2 nadir 80.96 ± 7.90 79.58 ± 7.18 .801

Preoperative ESS 11.09 ± 3.77 10.94 ± 4.89 .181

Postoperative AHI 6.34 ± 11.50 6.28 ± 6.10 .188

Postoperative O2 nadir 88.04 ± 3.40 84.35 ± 4.74 .025

Postoperative ESS 5.77 ± 3.35 6.60 ± 4.51 .120

Patients tolerating optimal titration 
settings at most recent follow-up

61.11% 58.97% .543

Values presented as mean ± standard deviation. AHI = apnea-hypopnea index, ESS = Epworth Sleepiness Scale, TJUH = Thomas Jefferson University 
Hospital, UPMC = University of Pittsburgh Medical Center.

Table 3—Comparison of preoperative and postoperative outcomes at each institution.

TJUH Preoperative TJUH Postoperative P UPMC Preoperative UPMC Postoperative P 

ESS 11.09 ± 3.77 5.77 ± 3.35  < .001 10.94 ± 4.89 6.60 ± 4.51  < .001

AHI 35.88 ± 20.82 6.34 ± 11.50  < .001 35.29 ± 15.33 6.28 ± 6.10  < .001

O2 nadir 80.96 ± 7.90 88.04 ± 3.40  < .001 79.58 ± 7.18 84.35 ± 4.74  < .001

Values presented as mean ± standard deviation. AHI = apnea-hypopnea index, ESS = Epworth Sleepiness Scale, TJUH = Thomas Jefferson University 
Hospital, UPMC = University of Pittsburgh Medical Center.

Figure 1—Comparison of surgical success, postoperative AHI < 15, postoperative AHI < 10, and postoperative AHI < 5 at each 

institution represented as percentage of patients.

AHI = apnea-hypopnea index, TJUH = Thomas Jefferson University Hospital, UPMC = University of Pittsburgh Medical Center.
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Study Objectives: Data from patients at Thomas Jefferson University Hospital (TJUH) and University of Pittsburgh Medical Center (UPMC) undergoing 

upper airway stimulation (UAS) were analyzed. We hypothesize that treatment with UAS will improve both subjective and objective outcome measures and 

results will be reproducible between institutions.

Methods: We reviewed patients undergoing UAS between May 2014 and August 2016. We recorded demographic data, Epworth Sleepiness Scale (ESS), 

and preoperative and postoperative polysomnographic information. We compared outcome data between institutions and subsequently combined the cohorts 

and compared baseline to posttreatment results.

Results: The TJUH cohort consisted of 30 males and 18 females with a mean age of 60.88 years and body mass index of 29.29. The mean preoperative 

apnea-hypopnea index (AHI), O2 nadir, and ESS were 35.88, 80.96, and 11.09, respectively. The mean postoperative AHI, O2 nadir, and ESS were 6.34, 

88.04, and 5.77, respectively. The UPMC cohort consisted of 30 males and 19 females with a mean age of 62.84 years and body mass index of 27.74. The 

mean preoperative AHI, O2 nadir, and ESS were 35.29, 79.58, and 10.94, respectively. The mean postoperative AHI, O2
 nadir, and ESS were 6.28, 84.35, 

and 6.60, respectively. We found no difference in patients reaching a postoperative AHI less than 15, 10, and 5 when comparing the cohorts. After combining 

cohorts, we found a significant improvement in postoperative AHI, O2
 nadir, and ESS compared to preoperative values.

Conclusions: UAS appears to provide a viable alternative to continuous positive airway pressure, producing improvement in both polysomnographic and 

quality-of-life measures. Results are reproducible at high-volume centers.
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Obstructive sleep apnea (OSA) is the most common sleep-re-

lated breathing disorder and is associated with a host of negative 

health consequences. The prevalence of this disease is increas-

ing as obesity is becoming more rampant and has been shown to 

affect at least 6% of women and 13% of men.1–3 Continuous pos-

itive airway pressure (CPAP) has long been the standard of care 

for treatment of OSA. However, one of the most troublesome 

limitations is low adherence to therapy. Recent data show that 

adherence can be improved to as high as 83%, utilizing a strong 

patient support structure through telephone calls and telehealth 

sessions.4 Nevertheless, limitations in CPAP adherence may 

result in a substantial portion of patients with persistent symp-

toms and/or persistent cardiovascular risks.5 Therefore, for pa-

tients with OSA who remain untreated or inadequately treated 

with CPAP and other conservative management options, de-

spite concerted efforts to optimize adherence and outcomes, a 

strong need exists for novel therapeutic approaches.

Upper airway stimulation (UAS) therapy was recently intro-

duced as an alternative for patients who cannot adhere to CPAP, 

and has rapidly proven to be an important addition to the surgi-

cal armamentarium for the treatment of OSA. In this study, we 
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report UAS outcome data at two academic centers, Thomas Jef-

ferson University Hospital (TJUH) and University of Pittsburgh 

Medical Center (UPMC). We hypothesize that treatment with 

UAS will improve both subjective and objective outcome mea-

sures and that results will be comparable between institutions.

METHODS

After obtaining institutional review board approval, we com-

piled clinical information on all patients who had undergone 

BRIEF SUMMARY
Current Knowledge/Study Rationale: In clinical trials, upper 
airway stimulation has proved to be a promising alternative treatment 
modality for select patients with obstructive sleep apnea unable to 
tolerate continuous positive airway pressure. However, until this point, 
outcome data in the clinical realm have been limited to single center, 
small cohort trials.
Study Impact: With this study, we reviewed the largest cohort of 
patients undergoing upper airway stimulation therapy in the clinical 
setting and found not only improved outcomes with therapy, but 
reproducible results at two separate institutions.

1077 Journal of Clinical Sleep Medicine, Vol. 13, No. 9, 2017

C Huntley, T Kaffenberger, K Doghramji, et al. Upper Airway Stimulation Outcomes at Two Academic Centers

preoperative values. (Figure 2) There was no difference when 

comparing the postoperative BMI to the preoperative value.

Procedure-related adverse events in the TJUH cohort in-

cluded 1 temporary hypoglossal nerve paresis and 2 temporary 

marginal mandibular nerve pareses, each of which spontane-

ously resolved. One patient experienced temporary dysarthria 

and 1 implant was removed at the patient’s request due to a 

perceived lack of symptomatic improvement with therapy. The 

removal of the implant occurred after the patient underwent ti-

tration PSG allowing their inclusion in the study. In the UPMC 

cohort, complications included 2 seromas that were treated with 

needle aspiration, pressure dressing, and an antibiotic course 

and 1 instance of marginal mandibular nerve paresis, which 

resolved spontaneously. Device-related adverse events included 

headache (3 patients), tongue discomfort (3 patients), dysarthria 

(2 patients), and multiple awakenings (1 patient) after activa-

tion in the TJUH cohort. In the UPMC cohort, there were 4 pa-

tients with dry mouth, 3 patients with headache, 2 patients with 

incisional discomfort, 1 patient with a tongue abrasion, and 1 

patient being awakened by the device after activation. All de-

vice-related effects were transient, and assessed as being mild.

Total usage time was recorded by the UAS device and col-

lected after interrogation. Data recorded by the device is lim-

ited to total hours used and mean hours of usage per week since 

the last interrogation. Data on adherence to therapy were col-

lected at each follow-up visit. In the TJUH cohort, the mean 

Table 2—Comparison of preoperative and postoperative outcomes between institutions.

TJUH UPMC P 

Preoperative AHI 35.88 ± 20.82 35.29 ± 15.33 .280

Preoperative O2 nadir 80.96 ± 7.90 79.58 ± 7.18 .801

Preoperative ESS 11.09 ± 3.77 10.94 ± 4.89 .181

Postoperative AHI 6.34 ± 11.50 6.28 ± 6.10 .188

Postoperative O2 nadir 88.04 ± 3.40 84.35 ± 4.74 .025

Postoperative ESS 5.77 ± 3.35 6.60 ± 4.51 .120

Patients tolerating optimal titration 
settings at most recent follow-up

61.11% 58.97% .543

Values presented as mean ± standard deviation. AHI = apnea-hypopnea index, ESS = Epworth Sleepiness Scale, TJUH = Thomas Jefferson University 
Hospital, UPMC = University of Pittsburgh Medical Center.

Table 3—Comparison of preoperative and postoperative outcomes at each institution.

TJUH Preoperative TJUH Postoperative P UPMC Preoperative UPMC Postoperative P 

ESS 11.09 ± 3.77 5.77 ± 3.35  < .001 10.94 ± 4.89 6.60 ± 4.51  < .001

AHI 35.88 ± 20.82 6.34 ± 11.50  < .001 35.29 ± 15.33 6.28 ± 6.10  < .001

O2 nadir 80.96 ± 7.90 88.04 ± 3.40  < .001 79.58 ± 7.18 84.35 ± 4.74  < .001

Values presented as mean ± standard deviation. AHI = apnea-hypopnea index, ESS = Epworth Sleepiness Scale, TJUH = Thomas Jefferson University 
Hospital, UPMC = University of Pittsburgh Medical Center.

Figure 1—Comparison of surgical success, postoperative AHI < 15, postoperative AHI < 10, and postoperative AHI < 5 at each 

institution represented as percentage of patients.

AHI = apnea-hypopnea index, TJUH = Thomas Jefferson University Hospital, UPMC = University of Pittsburgh Medical Center.
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weekly usage at the time of titration PSG was 48.52 ± 14.49 

hours, which occurred at 90.39 ± 62.69 days since surgery and 

77.70% of the cohort used the device longer than 40 hours per 

week. The mean weekly usage at the most recent follow-up was 

43.75 ± 11.60 hours, which occurred at 258.06 ± 129.23 days 

since surgery and 63.40% of the cohort used the device longer 

than 40 hours per week.

In the UPMC cohort, the mean weekly usage at the time 

of titration PSG was 46.60 ± 14.02 hours, which occurred at 

85.23 ± 38.02 days since surgery and 76.10% of the cohort used 

the device longer than 40 hours per week. The mean weekly us-

age at the most recent follow-up was 48.00 ± 10.24 hours, which 

occurred at 343.49 ± 215.63 days since surgery and 78.80% of 

the cohort used the device longer than 40 hours per week.

DI SCUS SI O N

These data represent the largest number of patients who have 

undergone UAS implantation following the commercial avail-

ability of the procedure. The seminal articles evaluating out-

comes of UAS are from the STAR (Stimulation Therapy for 

Apnea Reduction) clinical trials. With the first study, signifi-

cant improvement in AHI, oxygen desaturation index, ESS, 

and Functional Outcomes of Sleep Questionnaire scores were 

seen 12 months after UAS implantation. Additional studies of 

the STAR cohort showed maintenance of these outcomes at 18, 

24, and 36 months.6–9

Two case series with chart reviews have been published since, 

with smaller cohorts of patients that have been consistent with 

the results seen in the STAR trials. Kent et al.10 reviewed their 

series of 20 patients and found improvement in postoperative 

AHI and ESS from 33.3 to 5.1 and 10.3 to 6 respectively. This 

cohort of patients was included in the current study. Heiser et 

al.11 reviewed their series of 31 patients and found improvement 

at 1 year in AHI and ESS from 32.9 to 7.1 and 12.6 to 5.9, respec-

tively. Our study represents the largest case series through rou-

tine clinical practice (as opposed to an industry-funded United 

States Food and Drug Administration trial) and the first mul-

ticenter assessment comparing outcomes between institutions.

We found a significant and clinically meaningful improve-

ment in both subjective and objective OSA outcome measures. 

There were no permanent or serious adverse events as a result 

of the implant procedure, and therapy-related side effects were 

mild, infrequent, and transient. Furthermore, adherence rates 

were high, which is important because therapy use is a critical 

element of the success of any OSA device therapy.

Comparing the TJUH and UPMC data demonstrates consis-

tency in the management algorithm and in the results that can 

be achieved with this therapy. The data suggest that the therapy 

can be implemented successfully in a high-volume academic 

sleep medicine and surgery center, with results similar to that 

reported in the STAR trial.

One limitation of this study is that the postoperative AHI is 

calculated from in-laboratory titration PSG, similar to the AHI 

report at optimal settings on CPAP titration studies. Long-term 

follow-up home portable testing on the final stimulation settings 

may provide further insight into all-night, or even multinight, 

AHI control in an environment more reflective of the patient’s 

usual sleep. In addition, we did not control for the effect of body 

position during the titration PSG. This may have an effect on 

the severity of any residual apnea during therapy and could be 

assessed through a full-night PSG at optimal settings.

In conclusion, UAS is an effective alternative treatment in 

a subset of patients with moderate-severe OSA who meet cer-

tain anatomic criteria and who are unable to adhere to CPAP 

therapy. At high-volume centers, results are both reproducible 

and comparable with improvement in both polysomnographic 

and symptomatic measures.

A BBR E V I AT I O NS

AHI, apnea-hypopnea index

BMI, body mass index

CPAP, continuous positive airway pressure

Figure 2—Comparison of preoperative and postoperative outcomes after combining the cohorts.

Data presented as mean values. AHI = apnea-hypopnea index, ESS = Epworth Sleepiness Scale.



ADHERE Registry

• Initiated to collect both 

prospective and 

retrospective data since 

commercialization of 

the therapy

• Largest cohort of 

patients studied with 

the therapy



Methods:

• Observational study of patients receiving an upper airway 

stimulation (UAS) implant in the US and Europe. 

• Included patients with moderate to severe OSA who met 

inclusion criteria previously defined



Outcome measures:

Objective: 

• Baseline AHI prior to implant

• Treatment AHI post titration

• Therapy use

• Adverse events

Subjective:

• Epworth Sleepiness Scale

• Custom designed survey regarding 

patient experience

• Clinical Global Impression 



Results:

• 301 patients

• Age 59.2

• Male 248  /  Female 53

• BMI 29.2



Adverse Events

Intraoperative:

• Intraoperative bleeding during 

tunneling

Postoperative:  

• 2 cases of seroma

• Tongue weakness (resolved)

• Dislodged stimulation cuff 

(replaced without further 

sequelae)



Outcomes:
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Adherence:  6.6 hours / Night



Outcomes:
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Clinical Global Impresssion:  



Subjective Outcomes:



ADHERE Registry

• This is the largest study to date assessing outcomes of upper 

airway stimulation for treatment of OSA

• It provides continued support that this therapy is effective 

and safe



Thank You
Questions?


