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ABSTRACT 

Objectives:  To investigate the reported incidence, treatment, outcomes, and economic cost of 

sleep apnea (SA) in new-onset heart failure (HF) in a large U.S. database. 

Background:  Previous studies have demonstrated a high prevalence of SA in patients with 

chronic HF, which is associated with higher rates of morbidity, mortality, and health care utilization. 

Methods and Results:  This retrospective cohort study used the 2003-2005 Medicare Standard 

Analytical Files and included newly diagnosed HF subjects from the first quarter of 2004, without prior 

diagnosis of SA, stratified by testing, diagnosis, and treatment status. Among a study population of 

30,719 incident HF subjects, only 1,263 (4%) were clinically suspected to have SA. Of these, 553 (2% of 

the total cohort) received SA testing, and 545 received treatment. After adjustment for age, gender, and 

comorbidities, subjects with HF who were tested, diagnosed, and treated for SA had a better 2-year 

survival rate compared with subjects with HF who were not tested (HR: .33 [95% CI .21-.51], P <.0001). 

Similarly, among subjects who were tested and diagnosed, those who were treated had a better 2-year 

survival rate than those who were not treated (HR: .49 [95% CI .29-.84], P=.009). 

Conclusions:  In Medicare beneficiaries with HF, comorbid SA is most often not tested and 

consequently subjects are under-diagnosed and not treated. Meanwhile, in the few subjects in whom a 

diagnosis of SA is established and treatment is executed, survival improves significantly. These results 

support the importance of SA testing and treatment for newly diagnosed HF patients. 

Key Words:  Heart Failure, Mortality, Sleep Apnea
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INTRODUCTION 

Studies of consecutive patients with heart failure (HF) have consistently described that sleep 

apnea (SA) is a highly prevalent comorbid condition present in approximately 40% to 60% of subjects, a 

rate far higher than in the general population (1-11). Because SA induces myocardial hypoxia, increases 

sympathetic stimulation and oxygen demand, and is associated with inflammatory and oxidative stress, 

it is a likely contributor to HF disease progression, morbidity, and mortality (12-15). A recent American 

Heart Association/American College of Cardiology Foundation Scientific Statement on SA and 

cardiovascular disease(15) emphasized the importance of SA testing and diagnosis in the management 

of HF. Management of SA in HF through timely recognition and effective treatment has been shown to 

improve left ventricular ejection fraction, sympathetic activity, quality of life, and mortality endpoints 

(16-23). 

Currently, SA is suspected through physician observation and examination, use of accepted 

questionnaires, and diagnosed by in-laboratory polysomnography (PSG), overnight oximetry, or home-

based cardiorespiratory testing (HCT) systems. Today, despite various diagnostic tools that are available, 

the majority of patients with SA in the general population remain undiagnosed (24) and the rate of SA 

testing and treatment in patients with HF has not been adequately studied. Further, although several 

studies have assessed the resource utilization or economic impact of SA diagnosis and treatment in the 

general population (24-28), to our knowledge, none has looked specifically at these issues in the HF 

population.  

Heart failure is the most common Medicare diagnosis-related group, and given the high 

prevalence of comorbid HF and SA and the vicious interactions leading to poor outcomes, the objectives 

of this study were to perform a population-based retrospective analysis of Medicare claims data to: (1) 

identify the rate of SA testing and treatment in newly diagnosed HF subjects, and (2) test the hypothesis 
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that SA diagnosis and treatment lead to better economic and mortality outcomes among HF patients 

with SA. Some of the results of these studies have been previously reported in the form of an abstract 

(29). 

 

METHODS 

Data Source 

This retrospective analysis utilized the Medicare Standard Analytic Files (SAFs) provided by the 

Centers for Medicare and Medicaid Services (CMS), Baltimore, Maryland 

(http://www.cms.hhs.gov/IdentifiableDataFiles/02_StandardAnalyticalFiles.asp). The SAFs contain a 5% 

sample (1.7 million beneficiaries) of randomly selected beneficiaries (i.e., US citizens aged 65 years or 

older, those eligible for disability, and/or end-stage renal disease subjects), except for a small number of 

beneficiaries who were also enrolled in managed care organizations. The SAF offers a near-census of 

utilization and expenditure data for Medicare beneficiaries and provides Medicare and others a near-

census snapshot of healthcare utilization and expenditure data among the elderly. The SAFs are 

constructed from weekly data submissions to the National Claims History (NCH) 100% Nearline File. Final 

action claims data are obtained by processing NCH claims through a series of algorithms designed to 

match original claims with adjustment claims and resolve all adjustments. There is an 18-month window 

in which ~98% of the claims for services provided in a given year are captured (30,31). The data allow for 

longitudinal analyses of health care resource utilization, clinical epidemiology, and patient outcomes. 

Each year, the SAF database includes medical claims submitted for laboratory tests, inpatient hospital 

stays, outpatient care, physician care, skilled nursing facility care, home health care, durable medical 

equipment use, hospice care, and a denominator file that includes beneficiaries’ demographic 

characteristics (age, gender, race, etc.), and vital status recorded with date of death. In this study, 
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quarterly beneficiaries’ claims data from different claims settings were linked via encrypted beneficiary 

identification numbers at each beneficiary level and were followed longitudinally from the first quarter 

of 2004 to the fourth quarter of 2005. 

 

Study Population 

According to the aim of the study, the population  enrolled included all heart failure patients 

newly diagnosed in the first quarter of 2004 who were not coded with diagnosis of heart failure or sleep 

apnea in 2003. Testing for SA was determined by marked codes for PSG or HCT in the SAF. The vast 

majority of testing was documented with codes for PSG. All possible treatments, including continuous 

positive airway pressure (CPAP), uvulopalatopharyngoplasty, jaw alignment and soft tissue 

reconstruction, oxygen use, and other surgical treatment, and their representative codes were searched. 

As a proxy for costs of medical resource use, Medicare payment was one of the key outcome variables in 

this study, so subjects without valid payment data were also excluded from the analysis. 

The identified HF subjects were stratified into groups based on SA testing, diagnosis, and 

treatment status. 

 

Baseline Assessment 

Demographic characteristics (e.g., age, gender, and race) across different study groups were 

analyzed. To evaluate the role of comorbidities, we analyzed the datasets for subjects’ comorbid 

conditions presented in the year prior to HF development. The Charlson Comorbidity Index (CCI) (32) 

was used, a technique validated in longitudinal studies of patients’ administrative data, to measure the 

risk of 1-year mortality attributable to various comorbidities. CCI was based on the diagnosis codes 
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presented in the year prior to HF development, and the CCI aggregate comorbidity measure contained 

19 categories of comorbidity. 

 

SA Outcomes Analyzed 

Incidence. Reported incidence of SA among HF subjects, utilization of SA testing, and SA 

treatment. 

Treatment. All possible SA treatment codes were searched. Given the limited clinical 

information available in the medical claims, patient outcomes by SA severity via apnea-hypopnea index 

or other classification system could not be analyzed. 

Hospitalization. The percentage of subjects hospitalized during the new onset HF episode as 

well as during the follow-up period after the HF onset was compared. The total number of hospital 

admissions that occurred during the follow-up period was also calculated for each subject and compared 

across study groups, adjusted for survival. 

Mortality. Using the denominator file, annual mortality in 2004 and 2005, and overall mortality 

in those two years, was calculated and compared between subjects based on SA testing, diagnosis, and 

treatment status. The analysis included deaths that occurred in the inpatient setting (based on the 

patient status discharge indicator on the inpatient claim form) and also outpatient setting (based on 

notification of beneficiary death by the Social Security Administration). As the cause of death is not 

provided in the SAFs, only all-cause mortality was analyzed. 

Medicare Payment. Health care utilization (HCU) costs were assessed from Medicare’s 

perspective. Patient mortality resulted in a variable length of follow up for each patient when evaluating 

costs . As the dates of claims in the SAFs were truncated to the nearest quarter, Medicare payment data 

Page 6 of 32



were censored in the quarter in which a subject expired. The overall 2-year mean Medicare payments 

per patient and mean Medicare payments per follow-up quarter across all settings of care were 

calculated.  

 

Statistical Analyses 

All analyses were conducted using SAS software version 9.1 (SAS Institute, Inc., Cary, NC). 

Descriptive statistical analyses were carried out for demographics, comorbidities, baseline Medicare 

payment, treatment rate, mortality, and Medicare payment for medical services across all settings of 

care. 

When using procedure codes to identify a resource used, the indication for which a particular 

service was rendered could not always be established. For example, in the case where both HF and 

COPD conditions existed and supplemental O2 was provided, it was not possible to determine whether 

the treatment was for HF, SA in HF, or for COPD. Therefore, to increase the specificity of identifying 

treatments indicated for SA, we used a restrictive definition for treatment in which only a claim 

containing both pre-specified SA treatment-related procedure codes and a coded SA diagnosis was 

deemed a SA treatment claim. 

Analysis of variance (ANOVA) was used to test for differences between all groups, Tukey-Kramer 

(correction for multiple comparisons) procedures for all continuous pair-wise variables, and Chi-square 

tests were used for all categorical variables, where appropriate. Kaplan-Meier survival estimation was 

used to describe the 2-year survival for subjects in each study cohort. The hazard ratio for death 

occurring during the 2-year follow-up period was estimated using the proportional hazards regression 

model. Based on the descriptive analysis results, the models were built with an adjustment for 
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confounding variables (i.e., CCI, age and gender).  Both linear, non-linear, and dichotomous association 

of age and mortality was examined in the model. In the non-linear analysis, which was based on the 

observed death rates of the study patients, the age effect was modeled as a constant up to age 60, and 

as the square of age after that.  The version of the age term which provided a better fit to the model 

was used in the analysis. In addition, patients were stratified by age (<70 years vs. ≥ 70 years) and by 

gender (male vs. female), and the effect on SA testing on survival were explored in these subgroups.  As 

gender was correlated with age, CCI, and mortality in the dataset, interactions between gender and 

these covariates with respect to all-cause mortality were also examined. 

The overall level of α significance for each statistical test was set at 0.05. 

RESULTS 

Study Cohort and Baseline Characteristics 

A total of 119,302 subjects were diagnosed with HF in the first quarter of 2004, and after 

exclusion of subjects with pre-existing HF (n=86,592) and SA (n=1,027), there were 31,683 subjects with 

newly-diagnosed HF. Among them, 964 (3%) did not have completed Medicare payment data for 2004 

and 2005 and were excluded. Thus, the study cohort consisted of 30,719 subjects. Of this newly 

diagnosed HF cohort, 1,263 (4.1%) also had a claim with a SA diagnosis in 2004, and 572 (1.9%) were 

tested, of which 553 (97.0%) were diagnosed with SA (Figure 1). There were only 19 subjects who were 

tested and did not receive a SA diagnosis. 

Subjects were stratified into groups for further analysis. As will be seen, there were a number of 

subjects with sleep disordered symptoms who did not undergo laboratory testing yet were treated for 

SA. In contrast, there were subjects who were diagnosed for SA but were not treated. Therefore, the 

groups were analyzed based on SA testing, diagnosis, and treatment status in 2004 as follows: 
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• tested, diagnosed, not treated (N=295) 

• tested, diagnosed, treated(N=258) 

• tested, not diagnosed, not treated (N=19) 

• not tested, clinically diagnosed, and not treated (N=630) 

• not tested, clinically diagnosed, treated (N=80) 

• not tested, not diagnosed, not treated (N=29,437) 

Demographics, comorbidity, and treatment characteristics are shown in Table 1. SA-diagnosed (lab 

tested and clinically diagnosed) subjects tended to be younger and more likely to be male than SA-not 

diagnosed subjects. The groups did not differ significantly in comorbidity status. 

 

Treatment 

Among all of the various possible SA treatments searched, CPAP and oxygen were the only 

treatments used, with CPAP being more frequently used during both years (n=512 out of 545 subjects). 

Some subjects were treated with CPAP and also received supplemental oxygen. Overall, 545 subjects 

(1.8%) received SA-related treatment in both years, with 400 (1.3% of total and 73.3% of the subjects 

treated) having a SA diagnosis. There were 145 subjects who did not have a SA diagnosis in 2004, but 

were being treated with SA therapy in 2005. 
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Mortality 

In each year, the tested, diagnosed, and treated group had significantly lower mortality than all 

other groups, while the not tested, not diagnosed, and not treated group had the highest mortality 

(30.0% during the 2 years, Table 2).  Survival analysis was performed between the tested, diagnosed, 

and treated group, and the not tested and not treated groups, adjusted for age, gender and CCI. 

Regardless of how age was used in the model (linear term, non-linear term, or dichotomous), the results 

remained the same, though the non-linear analysis produced the highest predictive power (Figure 2). 

Patients who were tested, diagnosed and treated for SA had a much better survival than those who 

were not tested and not treated (hazard ratio .33, 95% confidence interval .21-.51, P<.0001). 

Furthermore, when survival was compared by treatment status among subjects who were tested and 

diagnosed, the hazard ratio associated with treated subjects was 0.49 (95% CI: .29-.84, P=.009) after 

adjustment of age, gender, and CCI (Figure 3).  

An age-stratified analysis suggested that SA testing was an independent predictor of survival in 

both age groups: HR= 0.58 (95% CI: 0.41-0.83) for pts<70 years; HR=0.40 (95% CI: 0.29-0.56) for pts ≥70 

years. Similarly, SA testing remained a significant predictor of survival in the gender-stratified analysis. 

None of the interaction terms between gender and other covariates were significant in predicting death.  
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Hospitalization  

Approximately 51.5% of the study cohort was hospitalized during their new onset HF episode in 

the first quarter in 2004. Table 2 (bottom row) shows that of the 23,320 (76%) subjects who were 

hospitalized one or more times during the 2-year period, the rates for the groups varied from 74.4% 

(tested, diagnosed, and treated) to 90.5% (not tested, clinically diagnosed, and not treated), with 

P<.0001 between all groups. 

Medicare Payments 

Average Medicare payments per patient over the two years studied ranged from $36,357 to $63,747 

across the groups analyzed. After adjusting for the length of follow-up, subjects who were tested for SA 

had lower quarterly Medicare payments than those who were not tested (Figure 4). The average 

Medicare payment per quarter was lowest in subjects who were tested, diagnosed and treated ($5,758) 

and highest in subjects who were not tested, clinically diagnosed, and not treated ($10,759).  

 

DISCUSSION 

From the results of this study, we draw two main conclusions: 1) in Medicare beneficiaries with 

HF, SA is very much under-diagnosed, and 2) when SA is diagnosed via testing, treated patients have 

better survival compared to those who are not treated. These results affirm the role of SA testing and 

treatment in improving outcome in Medicare patients with new-onset HF, and raises important 

implications on the need to properly test, diagnose, and treat SA patients with HF. 

To our knowledge, this is the first study to analyze SA diagnosis and testing in subjects with HF 

utilizing a large population-based dataset. While the prevalence of SA in HF is well-documented in the 

range of 40% to 60% (2-4, 6-10,33), our results indicate that far fewer HF patients (about 2%) are tested 
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for SA in clinical practice, demonstrating that SA is under-diagnosed in this population. Our data raise 

the possibility that under-diagnosing SA in HF by healthcare providers in the U.S. is associated with 

excess mortality and healthcare resource utilization. 

The under-testing for SA in the Medicare HF population studied contributed to the under-

diagnosis of SA. As noted, of 572 subjects tested, 97% were diagnosed with SA. Based on multiple 

studies (2-7) of consecutive patients with HF, we estimate that 50% of this Medicare population of 

30,719 might suffer from SA, yet, only 2% of all subjects were tested for SA. Although the true 

prevalence of SA in this population is unknown and for a number of reasons, 2% could considerably be 

an underestimation, the discrepancy is large and was unexpected. There are likely multiple reasons for 

this low rate of testing. It is not clear what is guiding the physician in terms of a decision to test for sleep 

apnea. A lack of availability of resources and patients not agreeing to be tested are possible.  Another 

factor that likely contributes to under diagnosis is that subjects with HF often do not have the classic SA 

symptoms, e.g., excessive daytime sleepiness (3, 4, 34, 35). Furthermore, HF patients with central sleep 

apnea do not snore much, which is why their condition remains occult (3). Despite this, there are a 

number of predictors that, when present, should increase suspicion for sleep apnea and testing for SA 

diagnosis. (4, 6, 34) Improved physician awareness of the relatively close association between HF and SA 

should encourage more testing of the HF population for SA, to ensure that patients with comorbid SA 

and HF are properly diagnosed and treated. In the current findings, only 3% of patients tested did not 

have the disease, suggesting a high prevalence of SA in these patients. We suspect that most patients 

tested and diagnosed suffered from obstructive SA because the hallmarks of OSA, i.e., snoring and 

obesity, are apparent in such patients, compared with those having CSA (3, 4, 6, 34).  

When considering survival and after accounting for  a number of variables and comorbidities 

(age, gender  and CCI), we found that subjects with HF who were tested, diagnosed, and treated for SA 
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had a 2-year probability of survival of about 90% compared to 70% for those who were not tested (Fig 

2). Although multiple other factors might have contributed to the difference in survival between the two 

groups (e.g., those tested were younger, were more compliant with medications and had better quality 

of medical care than those who were not tested, etc), these results are consistent with evidence that 

effective treatment of SA in HF improves outcomes. In this regard, treatment of obstructive sleep apnea 

(OSA) with nasal CPAP significantly improves cardiac function and survival of patients with HF (16-21), 

and as noted, we suspect that most of Medicare patients had OSA. Similarly, effective CPAP therapy 

decreases nocturnal ventricular arrhythmias (36) and improves left ventricular ejection fraction and 

survival of HF patients with CSA, even though adherence to CPAP is limited (22). Further, oxygen therapy 

attenuates frequency of disordered breathing events,(37) decreases sympathetic activity(38,39) and 

brain natriuretic peptide(40), and increases left ventricular ejection fraction in subjects with CSA (41). 

Meanwhile, as noted above, the HF subjects not tested, not diagnosed, and not treated (n=30,065) had 

the highest mortality. We acknowledge that the true contribution of SA to mortality in this Medicare 

cohort is unknown and our data may overestimate it, yet, based on the available literature, under-

diagnosed and untreated SA contributed in part to excess mortality (12-14, 20, 21, 35, 42). 

There were also a number of subjects who were diagnosed for SA but they were not treated for 

it. The mortality of this group of subjects was twice as high as those that were treated (Table 2) (Figure 

3). Meanwhile, we speculate that this group of subjects had mild SA and therefore a decision was made 

not to treat the SA, and perhaps more aggressively treat the HF, which has been shown to improve SA 

(43). Although there are several other possibilities why these subjects were not treated, including 

refusal to be treated, our aforementioned speculation is consistent with better survival of these subjects 

compared to those who were not tested and many of whom suffered from SA. Since only 2% of all HF 

subjects were tested for SA, we also speculate that the quality of medical care of the subjects who were 

tested for SA was superior to the remaining subjects who were not tested. 
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As noted above, there were also a small number of subjects (n=80) who were not tested but 

treated for SA. While we don’t know the circumstances for this surprising finding, this group of subjects 

had a high mortality rate (Table 2); possible reasons for this include poor therapy choice (CPAP vs. 

oxygen), poor administration of therapy (such as inappropriately low or high CPAP levels), poor 

compliance, or incorrect diagnosis. Therefore, any treatment for undiagnosed SA is unwarranted. 

 

Limitations 

Our study has a number of limitations.  Since this was an observational study, there was no 

control over treatment assignment (e.g., SA testing). Therefore, treatment effects may have been biased 

by covariates.  Although we adjusted for the CCI, age, and gender, adjustment for other patient 

characteristics were not performed. It is possible that patients had to be healthy and mobile enough to 

undergo an overnight PSG. It is also possible that the SA tested patients had better access to care or 

received better quality of care than those not tested patients in the fist place.  An alternative method 

(44) of employing a propensity score in the analysis might strengthen the statistical rigor; however, such 

analysis of this dataset is difficult to generate for a number of reasons. First, it is unclear which criteria 

guide a physician’s decision to test a patient for SA. Although certain predictors may trigger suspicion of 

SA, it is not clear to what extent they impact the decision to test for SA. Often resource constraints and 

patient preferences (e.g., a patient’s refusal to undergo testing) influence the decision to test someone 

for SA.  The extent to which these factors impact decision making is not known.  Therefore, it is not 

possible to generate an accurate or complete list of covariates that would allow us to predict the 

likelihood of undergoing SA testing and of receiving diagnosis of SA. Secondly, although some SA risk 

factors (e.g., BMI) and symptoms (e.g., snoring, periods of not breathing and daytime sleepiness) may 

prompt a physician to test a patient for SA, they are not tracked in the Medicare claims databases. 
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Symptoms for CSA usually remain occult and when they manifest themselves, they are not coded on 

medical bills or claims. Lastly, Medicare prescription drug information was not available at the time of 

this analysis, restricting our ability to track patients’ medication history which may be predicative of 

their health status. Given these limitations, it is not feasible to construct a logistic model with clinically 

meaningful covariates to predict diagnosis or treatment distribution. In light of the potential impact of 

covariates, the magnitude and significance of the benefit associated with SA testing may be 

overestimated. 

Our primary interest was subjects with newly diagnosed HF without previous diagnosis of SA 

based on claims history. Whether our observations apply to a population of patients with prevalent HF is 

uncertain. In this study, HF subjects were grouped based on SA testing and treatment status. The 

database provides no insight as to why some subjects were tested and others with a clinical diagnosis of 

SA were not tested. Similarly, there is no method of determining whether subjects were compliant with 

treatment when prescribed but improved survival of these subjects suggests adherence to therapy. As 

the accuracy of the mortality analysis depends on the timeliness of notification of a beneficiary’s death 

by caregivers, a margin of error is possible, but should be small since financial and benefits transactions 

of many stakeholders are dependent upon this information being furnished. Lastly, our analysis was 

based on subjects’ medical claims which were collected for the purpose of making health care payments 

instead of clinical research, therefore the diagnosis of HF, diagnosis of SA, and resource use (i.e., testing 

and treatment) were subject to miscoding. The classification of SA testing and treatment was based on 

procedure codes as identified in payer policies, clinical guidelines, and through physician consultation. 

This has been used accurately in the past (30, 31).  There are strong financial incentives for appropriate 

claims filing for SA testing and treatment, so it is unlikely that the dataset grossly underestimates the 

true rates. Since sleep testing is expensive, few Medicare beneficiaries are likely to pay out of pocket. 

Sleep labs and Durable Medical Equipment providers likewise have very strong financial incentives to 
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report claims. Even if these data underestimate the true rate of testing and treatment by 100%, the gap 

between what is being reported and what we know the prevalence of sleep disordered breathing in CHF 

to be is enormous.  Last but not least, we could not tell exactly if the diagnosis of SA was CSA or OSA, 

though we speculate that it was mostly patients with obvious risks for OSA who were screened and 

treated. However, as noted above, in patients with HF, both forms of SA are associated with excess 

mortality, and effective treatment of both CSA and OSA is associated with improved survival.  

 

Conclusion 

Our study demonstrates that among the Medicare population with newly diagnosed HF, those 

who were tested, diagnosed and treated for SA had better survival compared with those who were not 

tested, not diagnosed, and consequently not treated. Meanwhile, only 2% of new-onset HF subjects 

were tested for SA over a 2-year period, yet the prevalence of SA in HF has been reported to be about 

50%. Although more studies are needed to determine the relationship between SA, HF, and treatment 

on outcomes, our results contribute to emerging data in support of SA testing of newly diagnosed HF 

patients. 
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Figure Legends 

 

Figure 1. Study design showing the method and the sample sizes by which new onset HF subjects 

without previous SA coding was obtained for the study from Medicare Standard Analytic Files (SAFs) 

provided by the Centers for Medicare and Medicaid Services (CMS), Baltimore, Maryland. The SAFs 

contain a 5% sample (1.7 million beneficiaries). 

 

 

Figure 2. Kaplan-Meier survival curves for the tested, diagnosed and treated subjects vs not tested and 

not treated subjects, adjusted by age, gender, and Charlson Comorbidity Index, 2004-2005. 

 

 

Figure 3. Kaplan-Meier survival curves for tested, diagnosed and treated subjects vs tested, diagnosed 

and not treated subjects, adjusted by age, gender, and Charlson Comorbidity Index, 2004-2005,. 

 

 

Figure 4. Mean two-year Medicare payments per patient and mean quarterly Medicare payments per 

patient. 
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Table 1: Patient characteristics stratified by SA testing and diagnosis. 

 

 

 

  

Patient Characteristics 

Tested, 

Diagnosed 

(N=553) 

Tested,  

Not Diagnosed 

(N=19) 

Not Tested, 

Clinically 

Diagnosed 

(N=710) 

Not Tested,  

Not Clinically  

Diagnosed 

(N=29,437) 

P Value 

Age, Mean (SD) 

 

Gender, M%/F% 

67.1 (12.1) 

56.6/43.4 

72.6 (11.7) 

51.1/48.9 

69.4 (12.3) 

50.6/49.4 

76.5 (10.9) 

42.4/57.6 

<0.001 

<0.001 

Charlson Comorbidity Index, N (%) 

   <1 

   ≥1 

 

138 (25.0) 

415 (75.1) 

 

3 (15.8) 

16 (84.2) 

 

178 (25.1) 

532 (74.9) 

 

7,175 (24.4) 

22,262 (75.6) 

 

0.7917 

Treated for SA in 2004 and 2005 

  N (%) 

 

290 (52.4) 

 

1 (5.3) 

 

110 (15.5) 

 

144 (0.5) 

 

<0.001 

Treatment Type in 2004 and 2005, N (%) 

   CPAP 

   Oxygen 

 

278 (50.3) 

107 (19.4) 

 

1 (5.3) 

0 (0) 

 

97 (13.7) 

40 (5.6) 

 

136 (0.5) 

17 (0.0) 

 

<0.001 

<0.001 
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Table 2: All-cause mortality and hospitalization stratified by SA testing, diagnosis, and treatment 

status. 

 

  
Tested, 

Diagnosed, 

Not Treated 

 

N=295 

Tested, 

Diagnosed, 

Treated 

 

 

N=258 

Tested,  

Not Diagnosed, 

Not Treated 

N=19 

Not Tested, 

Clinically 

Diagnosed, 

Not Treated 

N=630 

Not Tested, 

Clinically 

Diagnosed,  

Treated 

 

N=80 

Not Tested,  

Not Diagnosed,  

Not Treated 

 

 

N=29,437 

P Value 

 Mortality 2004,  

 N (%) 

 

21 (7.1) 

 

9 (3.5) 

 

2 (10.5) 

 

122 (19.4) 

 

14 (17.5) 

 

5,892 (20.0) 

 

<0.001 

 Mortality 2005,  

 N (%) 

 

23 (8.4) 

 

11 (4.4) 

 

0 (0) 

 

63 (12.4) 

 

7 (10.6) 

 

2,950 (12.5) 

 

0.0006 

 Overall mortality,  

 N (%) 

 

44 (14.9) 

 

20 (7.8) 

 

2 (10.5) 

 

185 (29.4 ) 

 

21 (26.3) 

 

8,842 (30.0) 

 

<0.001 

 

Number of patients 

hospitalized (%) 

 

227 (76.9) 

 

192 (74.4) 

 

16 (84.2) 

 

570 (90.5) 

 

61 (76.2) 

 

22,254 (75.6) 

 

<0.0001 
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Figure 1. 
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28 

Figure 2. 
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Figure 3 . 
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Figure 4.  
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