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Rationale—There is a paucity of large cohort studies examining the association of obstructive 

sleep apnea(OSA) with clinical outcomes including all-cause mortality, coronary heart 

disease(CHD), strokes and chronic kidney disease(CKD).

Objectives—We hypothesized that a diagnosis of incident OSA is associated with higher risks of 

these adverse clinical outcomes.

Methods, Measurements—In a nationally representative cohort of over 3 

million(n=3,079,514) US veterans(93% male) with baseline estimated glomerular filtration rate 

(eGFR)≥60 ml/min/1.73m2, we examined the association between the diagnosis of incident OSA, 

treated and untreated with continuous positive airway pressure(CPAP), and: 1) all-cause mortality, 

2) incident CHD, 3) incident strokes, 4)incident CKD defined as eGFR<60 ml/min/1.73m2, and 

5)slopes of eGFR.

Main Results—Compared to OSA negative patients, untreated and treated OSA was associated 

with 86% higher mortality risk,(adjusted hazard ratio and 95% confidence interval: 

1.86(1.81-1.91)) and 35% (1.35(1.21-1.51)), respectively. Similarly, untreated and treated OSA 

was associated with 3.5 times(3.54(3.40-3.69)) and 3 times(3.06(2.62-3.56)) higher risk of 

incident CHD; 3.5 times higher risk of incident strokes(3.48(3.28-3.64) and 3.50(2.92-4.19)) for 

untreated and treated OSA, respectively. The risk of incident CKD was also significantly higher in 

untreated(2.27(2.19-2.36)) and treated(2.79(2.48-3.13)) OSA patients. The median (interquartile 

range) of the eGFR slope was −0.41(−2.01 - 0.99), −0.61(−2.69 - 0.93) and −0.87(−3.00 - 

0.70)ml/min/1.73m2 in OSA negative, untreated and treated OSA positive patients, respectively.

Conclusions—In this large and contemporary cohort of more than 3 million US veterans, a 

diagnosis of incident OSA was associated with higher mortality, incident CHD, stroke and CKD 

and with faster kidney function decline.

Keywords

coronary heart disease; chronic kidney disease; continuous positive airway pressure; kidney 
function; mortality; obstructive sleep apnea; stroke

Introduction

Obstructive sleep apnea (OSA) is one of the most clinically important forms of sleep-related 

breathing disorders. The prevalence of moderate and severe obstructive OSA, defined as an 

apnea hypopnea index (AHI)>15 and the presence of daytime symptoms of OSA is 10% in 

the general population.1

Previous studies have shown that OSA is associated with a higher risk of mortality2-4, but 

some studies did not confirm this association in elderly patients with prevalent OSA5-7. In 

addition to increased mortality risk, OSA has also shown positive associations with 

cardiovascular and cerebrovascular events.38-10 However, most of these studies were limited 

by small sample size and low event rates.911

In patients with chronic kidney disease (CKD), OSA is associated with accelerated 

atherosclerosis, hypertension and vascular damage.12 The complex pathophysiology that 

links OSA to cardiovascular risk may also have a detrimental effect on kidney function. 

Molnar et al. Page 2

Thorax. Author manuscript; available in PMC 2016 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Patients with OSA experience glomerular hyperfiltration, which is alleviated by short-term 

continuous positive airway pressure (CPAP) treatment,13 but our previous studies in kidney 

transplant recipients found no association between OSA and deterioration of kidney 

function.1415 Only one recently published study assessed the association of OSA with 

kidney function decline and progression to CKD in non-transplant patients.16

We examined the associations of incident treated and untreated OSA diagnosis with all-

cause mortality, the incidences of coronary heart disease (CHD), ischemic stroke, and CKD, 

and the rate of kidney function decline in a large, nationally representative contemporary 

cohort of US veterans. Based on previous findings, we hypothesized that a diagnosis of 

incident OSA is associated with higher risks of these adverse clinical outcomes.

Methods

Study Setting and Cohort Definition

The institutional review committees at the Memphis and Long Beach Veterans Affairs 

Medical Centers approved the study. Data were obtained from the Racial and Cardiovascular 

Risk Anomalies in CKD (RCAV) study, which examines risk factors in patients with 

incident CKD in US veterans, and which was previously described in detail.1718 Diagnoses 

of incident OSA, CPAP and polysomnography (overnight sleep study) were identified from 

the VA Inpatient and Outpatient Medical SAS Datasets using ICD-9-CM diagnostic and 

procedure codes and Current Procedural Terminology (CPT) codes (Table S1).19 The 

algorithm for cohort definition is shown in Figure 1. Patients were included in the study if 

they had a baseline estimated glomerular filtration rate (eGFR) ≥60 ml/min/1.73m2 and did 

not have a diagnosis of OSA at the first encounter in the inclusion period (October 1, 2004-

September 30, 2006), while other comorbidities were listed in that encounter. The final 

cohort included 3,079,514 patients.

Exposure and Covariates

Incident OSA was defined as a new ICD9-CM code for OSA during the inclusion period, 

without such a diagnosis at the first encounter of the inclusion period. Among the 3,079,514 

patients, 21,764 had incident diagnosis of OSA but without CPAP treatment (OSA+/CPAP

−) and 1,478 had incident diagnosis of OSA treated with CPAP (OSA+/CPAP+) (Figure 1).

Socio-demographic characteristics, comorbid conditions and laboratory characteristics were 

obtained, as previously described.20-23 Information about age, gender and race were 

obtained through the VA Corporate Data Warehouse (CDW) and from Medicare through the 

VA-Medicare data merge project.24 Information about comorbidities was collected from the 

VA Inpatient and Outpatient Medical SAS Datasets using ICD-9-CM diagnostic and 

procedure codes and Current Procedural Terminology (CPT) codes (Table S2).19 Prevalent 

comorbidities were defined as those diagnosed during October 1, 2004-September 30, 2006.

Outcomes

We defined five different outcomes: 1) all-cause mortality, 2) incident CHD, 3) incident 

ischemic stroke, 4) incidence of CKD, and 5) slopes of eGFR.
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Data on all-cause mortality was obtained from the VA Vital Status Files (VSF), which 

contain dates of death or last medical/administrative encounter from all sources in the VA 

system with sensitivity and specificity of 98.3% and 99.8%, respectively, as compared to the 

National Death Index. Incident CHD was defined as the composite outcome of a first 

occurrence of an ICD-9-CM or CPT code for acute myocardial infarction, coronary artery 

bypass grafting, or percutaneous angioplasty after October 1, 2006 in patients without such 

diagnoses prior to this date. Incident stroke was defined as the first occurrence of ICD-9-CM 

codes for ischemic after October 1, 2006 in patients without such diagnoses prior to this date 

(Table S3-S4). Incident CKD was defined as two consecutive eGFR levels <60 ml/min/

1.73m2 separated by ≥90 days, and a >25% decrease from baseline eGFR. Estimated GFR 

was calculated from serum creatinine measurements using the Chronic Kidney Disease 

Epidemiology Collaboration (CKD-EPI) Equation. Slopes of eGFR were calculated in each 

patient from all available eGFR values derived from outpatient serum creatinine 

measurements and using least squares regression. The median (interquartile range (IQR)) 

number of serum creatinine measurements used to calculate eGFR slopes was 10 (5-17). 

Rapid deterioration was defined as slopes of <-5 ml/min/1.73m2/year (i.e. loss of eGFR of 

>5 ml/min/1.73m2/year).

Statistical Analysis

Data were summarized using proportions, means ± SD, or median (interquartile range 

(IQR)) as appropriate. Continuous variables were compared using the Student’s t-test and 

Mann-Whitney U test according to data type. Predictors of incident diagnosis of OSA were 

assessed using logistic regression analyses. The associations between diagnoses of incident 

OSA -with and without CPAP treatment-with outcomes were assessed using the Kaplan-

Meier method, and Cox proportional hazard models (for time to event analyses) and logistic 

regressions (for slopes).

The start of the follow-up period was the date of the first eGFR ≥60 ml/min/1.73m2 during 

October 1, 2004-September 30, 2006. Patients diagnosed with OSA at a subsequent date 

were considered as part of the non-OSA group for the time period between cohort entry and 

diagnosis of OSA. Patients were followed until different end-points or were censored at the 

date of last healthcare or administrative visit, or on July 26, 2013.

In post-event (CHD or stroke) mortality analyses, the start of the follow-up period was the 

date of the event. Incident CHD and stroke events were identified after October 1, 2006 in 

patients without such diagnoses prior to this date; therefore, to avoid immortal time bias, the 

start of the follow-up period for these end points was October 1, 2006.

All associations were examined in both unadjusted and adjusted models. Models were 

adjusted for the following confounders based on a priori considerations: model 1: age, 

gender, race/ethnicity; model 2: model 1 variables and baseline eGFR; model 3: model 2 

variables and comorbidities at baseline (diabetes, hypertension, cardiovascular disease, 

congestive heart failure, cerebrovascular disease, peripheral vascular disease, lung disease, 

dementia, rheumatic disease, malignancy, HIV/AIDS and depression) and measures of 

quality of care (number of administered cholesterol measurements and influenza 

vaccinations); and model 4: model 3 variables and income, marital status and body mass 
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index (BMI). The final fully adjusted model 4 analyses were repeated in different a priori 

selected subgroups.

Several sensitivity analyses were also performed. We repeated all analyses in a cohort of 

patients where the OSA diagnosis was based on the above-mentioned ICD-9 codes and 

confirmed by polysomnography. Because death and other outcomes are competing events, a 

competing risk regression model was used in a propensity-matched cohort of patients 

(n=42,340) with and without a diagnosis of incident OSA. Our events of interest were 

incident CHD, ischemic stroke and CKD and the competing event was death (Table S5). In 

our study we used the Fine and Gray method,25 which extends the Cox proportional hazards 

model to competing-risks data by considering the subdistribution hazard. The competing 

risk models’ goal was to estimate the cumulative incidence function, which is defined by the 

probability of events (Figure S1).

Statistical analyses were performed using Stata MP version 12 (Stata Corporation, College 

Station, TX).

Results

Baseline characteristics

The mean±SD age of the cohort at baseline was 60.5±14.4 years, 93% were male, 79% and 

17% of patients were white and black, respectively, 22% of the patients were diabetic and 

the mean baseline eGFR was 83.6±15.4 ml/min/1.73m2. Baseline characteristics of patients 

categorized by OSA status are shown in Table 1. Patients with a diagnosis of incident OSA 

were slightly younger, more likely to be divorced and to have lower income, and had higher 

body mass index (BMI), higher prevalence of hypertension, diabetes mellitus, CVD, 

congestive heart failure (CHF), cerebrovascular disease, depression and higher eGFR.

Predictors of the diagnosis of incident OSA

In our adjusted logistic regression model, younger age, female gender, African-American or 

Hispanic-American race, unmarried status, higher BMI and most of the comorbidities (such 

as diabetes, hypertension, CVD, CHF) were associated with the presence of a diagnosis of 

incident OSA (Table 2).

Mortality

The median follow-up time was 7.74 years (IQR: 5.99-8.37 years). There were 671,645 

deaths (22%, mortality rate 32.6 [32.5-32.7]/1000 patient-years) in the OSA negative group, 

323 deaths (22%, 62.3 [60.7-63.9]/1000 patient-years) in the treated OSA group and 5,996 

deaths (28%, 39.9 [35.8-44.5]/1000 patient-years) in the untreated OSA group. Figures 2 

and 3 show the associations between the diagnosis of incident OSA and mortality in 

unadjusted and adjusted models. Untreated OSA was associated with higher mortality in the 

unadjusted (hazard ratio (HR): 1.86, 95% confidence interval (CI): 1.81-1.91) and fully 

adjusted model (HR: 1.86, 95% CI: 1.81-1.91) (Figure 3 panel A). Treated OSA was also 

associated with higher mortality in the unadjusted (HR: 1.20, 95%CI: 1.07-1.33) and fully 

adjusted model (HR: 1.35, 95% CI: 1.21-1.51) (Figure 3 panel B). Similar results were 
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present in all subgroups in untreated OSA+ patients and most of the treated OSA+ subgroup 

(Figure S1).

Figure 4 shows the association between a diagnosis of incident OSA and post-event 

mortality. Untreated OSA was associated with significantly higher post-CHD event 

mortality only in the fully adjusted model (HR: 1.23, 95% CI: 1.14-1.33). However, the 

post-CHD event mortality was similar between OSA negative and untreated OSA positive 

patients (Figure 4). Compared to OSA negative patients, patients with treated OSA exhibited 

a trend toward higher post-stroke mortality in the unadjusted model (HR: 1.06, 95% CI: 

0.97-1.16), and a significantly higher post-stroke mortality in the fully adjusted model (HR: 

1.21, 95% CI: 1.10-1.33) (Figure 4). However, the post-stroke mortality risk was similar 

between OSA negative and treated OSA positive patients (Figure 4).

Incident CHD

There were 68,268 incident CHD events (2.3%, event rate 4.17 [4.14-4.20]/1000 patient-

years) in the OSA negative group, 167 incident CHD events (12.1%, 20.1 [17.2-23.4]/1000 

patient-years) in the treated OSA group, and 2,537 incident CHD events (12.4%, 21.5 

[20.7-22.3]/1000 patient-years) in the untreated OSA group. Figures 2 and 3 show the 

associations between a diagnosis of incident OSA and incident CHD events in unadjusted 

and adjusted models. Untreated OSA was associated with 5-fold higher risk of incident 

CHD in the unadjusted (HR: 5.11, 95% CI: 4.91-5.32) and 3.5-fold higher risk in the fully 

adjusted model (HR: 3.54, 95% CI: 3.40-3.69) (Figure 3 panel A). Treated OSA was 

associated with a nearly 5-fold higher risk for incident CHD in the unadjusted (HR: 4.77, 

95% CI: 4.10-5.55) and 3-fold higher risk in the fully adjusted model (HR: 3.06, 95% CI: 

2.62-3.56) (Figure 3 panel B). Similar results were present in all subgroups (Figure S2) and 

in our competing risk regression model (Figure S1 and Table S5).

Incident stroke

There were 50,333 incident strokes (1.8%, event rate 3.07 [3.04-3.10]/1000 patient-years) in 

the OSA negative group, 122 incident strokes (9.2%, 14.6 [12.2-17.4]/1000 patient-years) in 

the treated OSA group, and 1,601 incident strokes (8.1%, 13.3 [12.7-14.0]/1000 patient-

years) in the untreated OSA group. Figures 2 and 3 show the association between a 

diagnosis of incident OSA and incident stroke in unadjusted and adjusted models. Untreated 

OSA was associated with 4-fold higher risk of incident stroke in the unadjusted (HR: 4.07, 

95% CI: 3.87-4.28) and 3.5-fold higher risk in the fully adjusted model (HR: 3.48, 95% CI: 

3.28-3.64) (Figure 3 panel A). Treated OSA was associated with nearly 4-fold higher risk 

for incident stroke in the unadjusted (HR: 4.38, 95% CI: 3.67-5.23) and 3.5-fold higher risk 

in the fully adjusted model (aHR: 3.50, 95% CI: 2.92-4.19) (Figure 3 panel B). Similar 

results were found in all subgroups (Figure S3) and in our competing risk regression model 

(Figure S1 and Table S5).

Incidence of eGFR <60 ml/min/1.73m2

There were 290,037 incident CKD events (10%, event rate 15.05 [14.99-15.11]/1000 

patient-years) in the OSA negative group, 434 incident CKD events (29%, 46.26 

[41.19-51.96]/1000 patient-years) in the treated OSA group, and 5,486 incident CKD events 
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(25%, 38.31 [36.93-39.74]/1000 patient-years) in the untreated OSA group. Figures 2 and 3 

show the associations between a diagnosis of incident OSA and incident CKD in unadjusted 

and adjusted models. Untreated OSA was associated with 3-fold higher risk of incident 

CKD in the unadjusted (HR: 3.25, 95%CI: 3.13-3.37) and 2-fold higher risk in the fully 

adjusted model (HR: 2.27, 95%CI: 2.19-2.36) (Figure 3 panel A). Treated OSA was 

associated with nearly 3.8-fold higher risk of incident CKD in the unadjusted (HR: 3.76, 

95% CI: 3.35-4.23) and 2.8-fold higher risk in the fully adjusted model (HR: 2.79, 95% CI: 

2.48-3.13) (Figure 3 panel B). Similar results were found in all subgroups (Figure S4) and 

in our competing risk regression model (Figure S1 and Table S5).

Deterioration of kidney function

The median (IQR) of the eGFR slope was −0.41 (−2.01; 0.99); −0.61 (−2.69; 0.93) and 

−0.87 (−3.00; 0.70) in OSA negative, untreated and treated OSA positive patients, 

respectively. 292,825 veterans had slopes steeper than −5 ml/min/1.73m2/year. Figure 3 

shows the association between a diagnosis of incident OSA status and the slope of 

deterioration of the kidney function. Untreated OSA positive patients had significantly 

higher risk of rapid deterioration of kidney function in the unadjusted (odds ratio (OR): 1.34, 

95% CI: 1.29-1.39) and fully adjusted model (OR: 1.30, 95% CI: 1.24-1.35) (Figure 3 panel 
A). Treated OSA positive patients had also significantly higher risk of rapid deterioration of 

kidney function in the unadjusted (OR: 1.28, 95% CI: 1.10-1.49) and fully adjusted model 

(OR: 1.28, 95% CI: 1.09-1.50) (Figure 3 panel B). Similar results were found in most 

subgroups (Figure S5).

In sensitivity analyses using polysomnography as secondary criteria of the diagnosis instead 

of the ICD-9-CM diagnosis code, qualitatively and quantitatively similar results were found 

(results not shown).

Discussion

In a large cohort of US veterans with baseline eGFR ≥60 ml/min/1.73m2, we examined the 

association of a diagnosis of incident untreated/treated OSA with higher risk of all-cause and 

post-ischemic event mortality, incident CHD and stroke, incident eGFR<60 ml/min/1.73m2 

and the rate of kidney function decline. Incident diagnosis of OSA was associated with 

higher risk of all clinical outcomes.

Higher mortality associated with OSA was reported in several previous studies, which used 

the gold standard of polysomnography for diagnosing OSA,2-411 but some studies performed 

in prevalent elderly patients did not confirm this association.5-7 This discrepancy could be 

explained by survival bias,5-7 or it could be related to the pathophysiology of OSA. There is 

increasing evidence showing that patients with OSA can have a survival advantage 

secondary to ischemic preconditioning.26-30 The defense mechanism for the repetitive 

milder ischemic events during OSA can result in structural and functional changes in brain 

cells and myocardial cells, preparing them for survival in the face of a major ischemic event 

through a mechanism of ischemic preconditioning,28-30 however, this seems not to protect 

the kidney.31 Our post-ischemic event mortality analyses support this hypothesis. When 

comparing the effect sizes of all-cause mortality vs. post-event mortality, those for untreated 
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OSA patients were significantly smaller and became non-significant in treated OSA patients. 

This observation supports the hypothesis that “well-prepared” patients may have a better 

chance to survive a major ischemic event, while those without an ischemic preconditioning 

defense mechanism may have higher post-event mortality. This can result in a selection bias 

in studies examining the elderly, which would have an accumulation of these survivors in 

their study population. This hypothesis needs to be tested in the future.

The associations of incident diagnosis of OSA with higher risk of incident CHD and stroke 

can be explained by increased sympathetic activity, intermittent hypoxia, hypertension, 

accelerated atherosclerosis, or a combination of these in patients suffering from OSA. Our 

observations support those made in previous smaller studies.33233

We report strong associations of incident diagnosis of OSA with incident low eGFR and 

progressive loss of kidney function. OSA can cause increased renal sympathetic activity, 

intermittent hypoxia, hypertension, accelerated atherosclerosis, production of pro-

inflammatory cytokines, endothelial dysfunction and proteinuria, which could all contribute 

to the development and progression of CKD. Previous studies have reported a significant 

association of OSA with the progression of kidney disease.3435 In a study comparing 27 

OSA patients with 32 healthy controls, those with OSA had higher filtration fraction 

suggesting the presence of glomerular hyperfiltration.13 Short-term CPAP therapy 

significantly decreased the filtration fraction, suggesting that CPAP may prevent 

nephropathy by decreasing OSA-related glomerular hyperfiltration.13 Recent study from 

Taiwan reported 2-times higher CKD and ESRD risk in patients with OSA compared to 

OSA free counterparts.16

Our study is notable for its large sample size and event numbers, and for it being 

representative of veterans who received care in the VA system in the entire US. To our 

knowledge, this is the largest study to find substantial associations between a diagnosis of 

incident OSA and both kidney function decline and incident decrease in eGFR. This study 

also has several limitations that need to be acknowledged. This being an observational study, 

we can only report associations, and we cannot claim that OSA was indeed the cause of the 

worse clinical outcomes. Additionally, models could only be adjusted for identified 

confounders for which we had available data. Therefore, we cannot rule out residual 

confounding. Our study is limited by the use of diagnostic codes to define OSA, CPAP 

treatment and polysomnography. The diagnostic performance of these codes is not known. 

However, the significant predictors of incident diagnosis of OSA in our study were similar 

to those found in previous studies.36 Moreover, sensitivity analyses using polysomnography 

to define OSA led to similar results. We were unable to assess the associations of OSA 

severity with various outcomes as we did not have detailed polysomnography data. The 

proportion of patients who received CPAP treatment in our study was smaller than expected, 

which raises the possibility that patients received CPAP treatment outside the VA health 

system, refused CPAP treatment, or had mild/positional OSA, or received surgical 

treatment, or received CPAP treatment after the end of our follow-up period. Moreover, our 

study population consisted of mostly male US veterans, so the result should be applied with 

caution to female and to patients in other countries. Because we did not have information 

about causes of death, we could not analyze associations with cause-specific mortality. 
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Additionally, we did not have data about albuminuria in our database; consequently we can 

only comment on associations between OSA and kidney function decline, but not on 

associations with properly defined incident CKD.

Conclusions

In our large and contemporary cohort of more than 3 million US veterans, a diagnosis of 

incident OSA was associated with higher risk of mortality, incident CHD, stroke and CKD, 

and faster kidney function decline. Improvement of the diagnostics and early detection as 

well the effect of proper therapy of OSA on preventing these clinical events need to be 

tested in clinical trials.
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What is the key question?

We assessed the association between a diagnosis of incident OSA and adverse clinical 

outcomes such as incident chronic kidney disease (CKD) and mortality.

What is the bottom line?

In this large and contemporary cohort of more than 3 million US veterans, a diagnosis of 

incident OSA was associated with higher mortality, incident CHD, stroke and CKD and 

with faster kidney function decline.

Why read on?

This is the first study to show an association of a diagnosis of incident OSA with CKD 

and with faster kidney function decline.
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Figure 1. 
Flow chart of patients’ selection
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Figure 2. 
Association between a diagnosis of incident OSA and outcomes (panel A: cumulative 

incidence of death; panel B: cumulative incidence of CHD; panel C: cumulative incidence of 

ischemic stroke event and panel D: cumulative incidence of CKD) using Kaplan-Meiers 

curves
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Figure 3. 
Association between a diagnosis of incident OSA (panel A: without CPAP treatment; panel 

B: with CPAP treatment) and outcomes using time-dependent Cox regression (mortality and 

incidend CKD), Cox proportional regression (incident CHD and ischemic stroke event) and 

logistic regression analysis (for slope) compared to OSA negative patients

model 1: adjusted for age, gender, race/ethnicity;

model 2: adjusted for model 1 variables and baseline eGFR;
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model 3: adjusted for model 2 variables and comorbidities at baseline (diabetes, 

hypertension, cardiovascular disease, congestive heart failure, cerebrovascular disease, 

peripheral vascular disease, lung disease, dementia, rheumatic disease, malignancy, HIV/

AIDS and depression) and measures of quality of care (number of administered cholesterol 

measurements and influenza vaccinations);

model 4: adjusted for model 3 variables and income, marital status and body mass index 

(BMI).
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Figure 4. 
Association between a diagnosis of incident OSA and post-CHD/post-ischemic stroke event 

mortality using Cox proportional regression analysis compared to OSA negative patients

model 1: adjusted for age, gender, race/ethnicity;

model 2: adjusted for model 1 variables and baseline eGFR;

model 3: adjusted for model 2 variables and comorbidities at baseline (diabetes, 

hypertension, cardiovascular disease, congestive heart failure, cerebrovascular disease, 

peripheral vascular disease, lung disease, dementia, rheumatic disease, malignancy, HIV/
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AIDS and depression) and measures of quality of care (number of administered cholesterol 

measurements and influenza vaccinations);

model 4: adjusted for model 3 variables and income, marital status and body mass index 

(BMI).
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