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Study Objectives: Hospital readmissions are an important metric of quality and safety. This study seeks to characterize the relationship between 
readmissions and obstructive sleep apnea (OSA). A better understanding of this relationship could be utilized to develop preventative measures and reduce 
readmission rates.
Methods: A retrospective review of patients discharged over a 24-month period to a Department of Defense hospital was conducted. Medical records review 
provided demographic data, presence of OSA and comorbid diseases, and whether readmission occurred within 30 days of discharge. Statistical analysis 
assessed risk factors for readmission, and multivariate analysis was performed. Next, 125 readmitted patients with OSA were randomly selected for detailed 
chart review and compared to a matched cohort that was not readmitted.
Results: Of 22,261 unique patients discharged, 1,899 (8.5%) were readmitted. Patients with OSA had a readmission rate of 11.4% versus 7.6% for patients 
without OSA (P < .00001). Multivariable analysis revealed an odds ratio of 1.46 for readmission in patients with OSA (P < .0001). For the detailed chart review 
of 250 patients, length of hospital stay differed for the readmitted and non-readmitted groups (5.1 versus 3.6 days; P = .007). Apnea-hypopnea index (24.1 
versus 27.2 events/h; P = .48) was similar between the groups. Also, inpatient (27.2% versus 26.4%) and outpatient (38.4% versus 37.6%) positive airway 
pressure (PAP) treatment rates were not different.
Conclusions: This study found OSA to be an independent risk factor for readmission within 30 days of discharge. PAP therapy appears to be underutilized in 
patients with known OSA. Additional studies are needed to define the relationship between OSA, PAP adherence, and hospital readmission.
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INTRODUCTION

Improving the quality and effectiveness of medical care is an 
ongoing challenge for health care organizations. Therefore, 
hospital readmissions within 30 days of discharge are an im-
portant quality metric reported to the Centers for Medicare and 
Medicaid Services. Because 1 in 5 Medicare patients is read-
mitted within 30 days of discharge, determining risk factors 
that lead to hospital readmission is an important step to im-
proving patient outcomes and reducing readmission.1 Chronic 
medical conditions such as heart failure, chronic obstructive 
pulmonary disease, and diabetes are associated with increased 
hospital readmission risk.2 As a result, efforts to reduce hos-
pital readmission have focused on improving outcomes for 
these illnesses.
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Obstructive sleep apnea (OSA) is a condition of recurring 
collapse of the upper airway during sleep. Its incidence appears 
to be increasing in adults in the United States, possibly due to 
growing awareness and rising obesity rates.3–6 Up to 20% to 
25% of middle-aged adults have OSA, with male sex, increas-
ing age, and obesity being the most common risk factors.3–6 
Additionally, OSA is associated with, and an independent risk 
factor for, several important health conditions including pul-
monary and systemic hypertension, coronary artery disease, 
stroke, atrial fibrillation, and diabetes, as well as mortality.5,6 
OSA also may result in hypoxia and increased sympathetic ac-
tivity, which can promote arrhythmias and contribute to heart 
failure. These untoward associations and downstream effects 
make it possible that OSA itself could be associated with read-
mission to the hospital.

BRIEF SUMMARY
Current Knowledge/Study Rationale: Obstructive sleep apnea is commonly associated with comorbidities that are known to affect hospital 
readmission rates. Our study sought to explore whether obstructive sleep apnea itself is a modifiable risk factor for hospital readmission.
Study Impact: This study identifies obstructive sleep apnea as an independent risk factor for hospital readmission. There appears to be inadequate 
use of positive airway pressure both during hospitalization and after discharge in patients with obstructive sleep apnea.
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Positive airway pressure (PAP) therapy effectively treats ex-
cessive somnolence related to OSA, which can improve qual-
ity of life for these patients.7 In addition, physiologic factors 
such as hypoxia, hypercarbia, and catecholamine surges are 
ameliorated, which can have disease-specific implications.8–11 
However, these benefits of therapy have only been consistently 
shown to occur when patients meet a minimum standard of ad-
herence (usually defined as ≥ 70% of nights using therapy ≥ 4 
h/night). Despite known health benefits associated with PAP 
adherence, studies report that long-term adherence to that de-
gree remains approximately 50% to 60%.5,6 Treatment of OSA 
may be particularly important for people who are hospitalized 
for other conditions. For instance, postsurgical patients with 
OSA are at increased risk of complications after surgery, and 
the perioperative use of PAP is recommended by the American 
Society of Anesthesiologists in these patients to minimize that 
risk.12 Because OSA can adversely affect heart failure, hyper-
tension, and arrhythmias, untreated OSA can hinder effective 
treatment of cardiovascular patients in the hospital. Further-
more, treatment of OSA is associated with reduced rate of hos-
pital readmission in cardiac patients with adequate adherence 
to PAP compared to nonusers or partial users.13

This study aimed to assess the relationship between OSA 
and hospital readmission. We hypothesized that OSA is an in-
dependent risk factor for hospital readmission within 30 days 
of discharge. We also aimed to characterize the relationship 
between OSA severity and its treatment with PAP to hospi-
tal readmission, including the rate of PAP use in patients with 
OSA during hospitalization. A better understanding of the re-
lationship between the presence of OSA and use of inpatient 
PAP therapy could lead to the development of preventive mea-
sures to reduce hospital readmission.

METHODS

The study was approved by the Institutional Review Board at 
our hospital prior to evaluation of individual patient charts. A 
retrospective chart review was conducted through the elec-
tronic medical record (EMR) system including all hospital 
discharges over a 24-month period (August 2011–July 2013) 
at the largest Department of Defense hospital. As some pa-
tients had multiple discharges during this time frame, each 
patient was considered independently by including only their 
first discharge, and additional discharges on the same patient 
were excluded. Other recorded data included basic demograph-
ics (age and sex), length of stay, body mass index (BMI) and 
any diagnosis code listed during the hospital stay for OSA, 
chest pain, angina, gastroesophageal reflux disease (GERD), 
postoperative infection, chronic obstructive pulmonary dis-
ease (COPD), asthma, pneumonia, influenza, atrial fibrillation, 
congestive heart failure (CHF), acute myocardial infarction, 
acute coronary syndrome (ACS), and syncope. International 
Classification of Diseases (ICD-9) codes used to capture OSA 
diagnoses were “Obstructive Sleep Apnea” (327.23) and “Sleep 
Apnea, Unspecified” (780.57). Any patient readmitted to the 
hospital within 30 days was noted in the dataset. In patients 
with multiple discharges, only the first discharge was included 

in the analysis for readmission. Patients admitted for preg-
nancy, chemotherapy regimens, or other routine monitoring 
protocols requiring readmission within 30 days were excluded 
from the analysis. The resulting database of discharged indi-
viduals was linked to the outpatient EMR system for collec-
tion of additional data. Chi-square analysis was performed to 
determine which factors were significantly related to hospital 
readmission, and logistic regression analysis was performed 
to calculate odds ratios for readmission. Previously mentioned 
comorbid conditions were each assessed for their effect on re-
admission. Factors identified as not significant were removed 
from the analysis, and this model was applied to assess factors 
significant for hospital readmission in a multivariable analysis.

To explore the relationship between OSA severity and its 
treatment with hospital readmission, a case-control study was 
performed. A random number generator was utilized to select 
125 of the possible 603 patients discharged with OSA who went 
on to readmission. Then, age- and sex-matched patients were 
identified from the group of patients with OSA who were not 
readmitted. From these, 125 matched patients were selected 
by a random number generator. A comprehensive chart review 
was undertaken for each of the 250 patients to identify if there 
was a polysomnography (PSG) documented in the EMR. PSG 
data recorded included apnea-hypopnea index (AHI), respira-
tory disturbance index (RDI), OSA severity (mild: AHI 5–15 
events/h, moderate: AHI 15–30 events/h, severe: AHI > 30 
events/h), and lowest oxygen saturation. BMI data were col-
lected for covariate analysis of obesity with OSA. If a patient 
was ordered a PAP device, then adherence data were collected 
from the EMR, to include either downloaded adherence re-
port from the PAP machine or physician documentation of 
patient-reported regular use. Inpatient medical records includ-
ing nursing and/or respiratory therapy notes were reviewed to 
determine rates of inpatient PAP therapy for OSA as well as 
to assess length of hospital stay. A chi-square test was used to 
compare categorical variables, and a t test was used for con-
tinuous variables. All statistics for this project were completed 
using SPSS Version 19 (IBM, Armonk, New York).

RESULTS

During the study period there were 22,261 unique adult pa-
tients discharged from our tertiary care hospital between Au-
gust 1, 2011 and July 31, 2013. Of these, 5,299 patients (23.8%) 
had a diagnosis of OSA according to a search for ICD-9 codes 
of the outpatient record at the time of admission. Readmission 
within 30 days of discharge occurred for 1,899 patients (8.5%). 
Readmitted patients had a higher rate of having OSA compared 
to those not readmitted (31.8% versus 23.1%; P < .00001). In 
conjunction, the readmission rate for patients with OSA was 
11.4% (603 of 5,299), and the rate for patients without OSA 
was 7.6% (1,296 of 16,962), which was significantly different 
(P < .00001). Figure 1 depicts the entire cohort of patients with 
respect to OSA status and readmission.

Logistic regression multivariable modeling revealed OSA 
was independently correlated with hospital readmission. 
When controlling for significant comorbid conditions (age, D
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COPD, CHF, ACS, GERD, and atrial fibrillation), there was 
a significant increase in the odds of readmission (odds ratio 
1.46; 95% confidence interval 1.31–1.63; P < .0001) for patients 
with OSA. For this logistic regression model, the area under 
the curve was 0.7308. Table 1 displays the odds ratio for read-
mission for each variable that was found to be independently 
significant, whereas Figure 2 is a forest plot representation of 
these factors that were predictive of readmission.

In the case-control part of the study, a group of patients 
with an ICD-9 diagnosis code for OSA were randomly selected 
for a detailed review to determine if OSA severity or adher-
ence with PAP therapy were associated with readmission. For 
the 250 patients, ages ranged from 18 to 96 years (mean 63.2 
years). PSG data were available for 152 patients (77 readmitted 
and 75 non-readmitted). Based on these PSG reports, only 67 
readmitted and 66 non-readmitted patients met criteria for a 
diagnosis of OSA. In the patients with a PSG report that did not 
support a diagnosis of OSA (AHI < 5 events/h), the diagnosis 
of OSA may have been assigned incorrectly or assigned prior 
to obtaining the PSG. Table 2 demonstrates demographic and 
comorbidity data, as well as which patients had PSG data avail-
able. For those with PSG data, the rates of not meeting criteria 
for OSA (13% versus 12%), having mild (29.9% versus 26.7%), 
moderate (20.8% versus 29.3%), and severe OSA (36.4% 
versus 32%) were similar between the readmitted and non-
readmitted groups. Also, measures of OSA severity on PSG 
were not clinically or statistically different between the groups 

(Table 3). The AHI ranged from zero to 110.7 events/h (mean 
24.1) and 0.2 to 109 events/h (mean 27.2) for the readmitted and 
non-readmitted groups, respectively (P = .48). Similarly, RDI 
averaging 29.6 events/h and 27.9 events/h (P = .73), lowest oxy-
gen saturations averaging 83.9% and 84.1% (P = .88), and BMI 
averaging 31.3 and 31.6 (P = .67) were not different. These re-
sults held true even when excluding those patients with a PSG 
that was not diagnostic of OSA.

Regarding OSA treatment with PAP, there were also no sig-
nificant differences between the groups (Table 3). Inpatient 

Yes

n = 603 (11.4%)*

No

n = 4,696 

Yes

n = 1,296 (7.6%)*

No

n = 15,666 

Unique patients discharged
(n = 22,261)

OSA?

Yes

Patients with OSA diagnosis
(n = 5,299)

Readmitted?

Patients without OSA diagnosis
(n = 16,962)

Readmitted?

No

Figure 1—Patient flowchart.

Flowchart depicting all unique patients discharged over the 2-year time period in regard to OSA status and readmission status. * = P < .00001. 
OSA = obstructive sleep apnea.

Table 1—Odds ratios for readmission on multivariate 
logistic regression analysis.

Variable OR 95% CI P
CHF 1.99 1.67–2.36  < .0001
COPD 1.66 1.41–1.95  < .0001
Atrial Fibrillation 1.58 1.36–1.84  < .0001
ACS 1.55 1.37–1.74  < .0001
OSA 1.46 1.31–1.63  < .0001
GERD 1.16 1.04–1.30 .0098
Age (For each increase by 1 year) 1.02 1.01–1.02  < .0001

Logistic regression area under the curve = 0.7308. ACS = acute coronary 
syndrome, CHF = congestive heart failure, CI = confidence interval, 
COPD = chronic obstructive pulmonary disease, ACS = acute coronary 
syndrome, GERD = gastroesophageal reflux disease, OR = odds ratio, 
OSA = obstructive sleep apnea.
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Figure 2—Forest plot of predictors of readmission.

This figure depicts the factors significant for readmission on multivariable analysis. The x axis represents odds ratios.

Table 2—Patient demographics, comorbidities, and availability of polysomnography data for randomly selected group of 
patients with OSA diagnosis by ICD-9 code.

Variable Not Readmitted (n = 125) Readmitted (n = 125) P
Age (years) 64.0 (20–96) 62.3 (18–89) .39
Male sex 59.2% (74) 63.2% (79) .52
BMI (kg/m2) 31.6 (16–51.2) 31.3 (16.9–58.4) .67
Hypertension 70.4% (88) 77.6% (97) .19
COPD 13.6% (17) 21.6% (27) .10
GERD 45.6% (57) 56.8% (71) .08
Stroke 4.8% (6) 2.4% (3) .31
CV disease 42.4% (53) 45.6% (57) .61
Depression 22.4% (28) 29.6% (37) .19
PSG report available 60.0% (75) 61.6% (77) .80
PSG positive for OSA 88.0% (66 of 75) 87.0% (67 of 77) .85

BMI = body mass index, COPD = chronic obstructive pulmonary disease, CV = cardiovascular, GERD = gastroesophageal reflux disease, OSA = obstructive 
sleep apnea, PSG = polysomnography.

Table 3—Polysomnography, treatment, and length of stay data.
Variable Not Readmitted Readmitted P

No OSA on PSG 12.0% (9 of 75) 13.0% (10 of 77)

.71
Mild OSA 26.7% (20 of 75) 29.9% (23 of 77)
Moderate OSA 29.3% (22 of 75) 20.8% (16 of 77)
Severe OSA 32.0% (24 of 75) 36.4% (28 of 77)
AHI (events/h) 27.2 (0.2–109) 24.1 (0–110.7) .48
RDI (events/h) 29.6 (0.2–109) 27.9 (0.2–110.7) .73
Lowest oxygen saturation 84.1% (67–96%) 83.9% (57–93%) .88
Inpatient treatment documented 26.4% (33 of 125) 27.2% (34 of 125) .89
Outpatient treatment documented 37.6% (47 of 125) 38.4% (48 of 125) .90
Length of stay (days) 3.6 (n = 125) 5.1 (n = 125) .007

AHI = apnea-hypopnea index, OSA = obstructive sleep apnea, PSG = polysomnography, RDI = respiratory disturbance index.
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treatment during the initial admission was documented (in 
nursing and/or respiratory therapy notes or treatments) in 34 
of the patients (27.2%) who were readmitted and 33 (26.4%) 
of those who were not (P = .89). A similar rate of documented 
outpatient use of PAP therapy was found between the readmit-
ted (n = 48, 38.4%) and non-readmitted (n = 47, 37.6%) groups 
(P = .90). Very few patients had PAP downloads present in the 
medical record; only 3 patients in the readmitted group and 
2 in the non-readmitted group were identified as meeting the 
minimum standard of PAP adherence (≥ 70% of nights using 
therapy ≥ 4 h/night). This low number precluded statistical 
analysis. All other outpatient adherence was determined based 
on physician documentation of regular use as reported by the 
patient. Of the identified characteristics, only length of stay 
during initial hospitalization (5.1 versus 3.6 days), in the read-
mitted and non-readmitted OSA groups respectively, differed 
(P = .007).

DISCUSSION

As the prevalence of OSA continues to rise, its effect on a pa-
tient’s general health and associated disease outcomes is gain-
ing increased recognition. Beyond the detriment in sleep quality 
that results, evidence has mounted regarding the role of OSA in 
exacerbating and perpetuating hypertension, atrial fibrillation, 
coronary artery disease, chronic obstructive pulmonary dis-
ease, insulin resistance, and cerebrovascular disease.5,6 Many 
of these comorbid diseases have been implicated in elevated 
readmission rates following hospital discharge. The findings 
of this study support the hypothesis that OSA is an indepen-
dent risk factor for hospital readmission in the 30 days follow-
ing discharge. On review of more than 22,000 unique patients 
discharged, patients with OSA had a significantly higher rate 
of readmission than patients without OSA. Similarly, readmit-
ted patients were more likely to have a diagnosis of OSA than 
those not readmitted, even when controlling for confounding 
variables using logistic regression modeling. Our findings pro-
vide initial evidence that OSA should be specifically addressed 
as an illness that contributes to hospital readmission.

Despite increasing awareness of OSA and the potential 
benefits of PAP therapy among health care providers, the 
long-term adherence to home PAP therapy remains approxi-
mately 50% to 60%.5,6,14 Surprisingly, use of PAP therapy for 
hospitalized patients is worse, ranging from 5% in a National 
Hospital Discharge Survey to 26% at a single tertiary medical 
center.15,16 In our study, inpatient PAP therapy was similarly 
low, with documentation of use in only 26.4% of the non-re-
admitted group and 27.2% of the readmitted group. Unfortu-
nately, inpatient treatment of OSA is frequently overlooked. 
At first glance, it would seem that a hospital admission would 
be an ideal time to enforce OSA treatment because providers 
have more control over patients’ treatments for this period of 
time; however, the acute nature of their admission may over-
shadow the presence of OSA. Given the low in-hospital utili-
zation, it is not unexpected that usage did not differ between 
the readmitted and non-readmitted groups. Correspondingly 
in our cohort, documentation of home PAP therapy was low, 

with only approximately 38% of the patients in each group 
(48 in readmitted and 47 in non-readmitted) having recorded 
usage of outpatient PAP therapy. Far fewer patients met cri-
teria for the minimum standard of PAP adherence defined 
as ≥ 70% of nights using therapy for ≥ 4 h/night. A previous 
study demonstrated that adequate PAP adherence is associated 
with decreased readmission in cardiac patients.13 It is possible 
that similar findings would be present in all patients with ad-
equately treated OSA following hospital discharge.

Although the presence of OSA was associated with a higher 
rate of hospital readmission, our data in the case-control por-
tion of the study did not identify a link between OSA sever-
ity and readmission. In a detailed review of 250 patients with 
OSA, no differences were found between the readmitted and 
non-readmitted patient groups with respect to OSA severity 
as measured by the AHI, RDI, or lowest oxygen saturation. 
This was an unexpected result, although it is possible that the 
readmitted and non-readmitted groups were not found to have 
differences in OSA severity because the groups were matched 
for age and sex. Also, we did not find evidence to support the 
idea that treatment of OSA would mitigate the increased risk 
of hospital readmission, noting that the documented rate of 
PAP adherence was low in both the inpatient and outpatient 
setting in our study. One key difference between this study and 
a recent study of cardiac patients that demonstrated a reduced 
readmission rate with OSA treatment was that in that study, 
only the cohort of patients that achieved adequate adherence 
(≥ 70% of nights using therapy ≥ 4 h/night) with PAP had a 
significant reduction in readmission, whereas readmission in 
partial users and nonusers of PAP remained similar.13 Unfortu-
nately, our retrospective study design did not provide a large-
enough cohort of patients who were adequately adherent with 
treatment for meaningful statistical analysis. Further investi-
gation into this topic is warranted to ascertain whether OSA is 
a modifiable risk factor for readmission. There appears to be a 
significant need to improve recognition and documentation of 
adherence with PAP therapy in patients with a known diagno-
sis of OSA in both the inpatient and outpatient settings.

Although analysis of the randomly selected 250 patients 
with OSA did not reveal OSA-related factors that were associ-
ated with higher risk of readmission, length of hospital stay 
was significantly different between the readmitted and non-re-
admitted groups. Although an interesting and significant find-
ing, it does not relate specifically to OSA diagnosis, which was 
the main objective of this study, and it could be a confounding 
variable. Alternatively, the low rate of inpatient OSA treatment 
in our study may have contributed to longer admission.

The retrospective nature of this study does present limita-
tions. First, patients were identified as having OSA based on 
a query of their records for ICD-9 codes. An inherent risk of 
performing a large review of previously coded diagnoses is 
that patients may be classified into incorrect groups if a di-
agnosis is omitted or coded inaccurately. Based on our study 
design, we were reliant on these assigned codes to classify pa-
tients as having or not having OSA. Also, we were only able 
to locate the PSG data for 62% and 60% of the readmitted and 
non-readmitted patients, respectively, in the case-control por-
tion of the study. This is likely related to the fact that in our D
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military health care system, many PSGs are outsourced to the 
civilian sector, and these reports may not always get uploaded 
into the military EMR. Of the 250 patients studied, 10 (8%) 
in the readmitted and 9 (7.2%) in the non-readmitted groups 
actually did not have OSA (based on AHI or RDI < 5 events/h). 
The inability to locate PSG data on review of the EMR sug-
gests that documentation of OSA is not necessarily accurate 
or that providers may suspect that OSA can be a clinical di-
agnosis and not require objective testing. Furthermore, only 
250 of the more than 22,000 total unique discharged patients 
were randomly selected for the detailed review of the record. 
This small segment of the overall cohort may not represent the 
group as a whole. Also, the overall poor adherence rate that we 
found could have significantly limited the results. It is possible 
that a cohort with an adequate level of adherence could have 
decreased readmission rates. However, the nature of this study 
did not facilitate that comparison.

Early readmission to the hospital represents one measure of 
health care quality and patient safety that health care organi-
zations are striving to improve. This study identified OSA as 
an independent risk factor for readmission within 30 days in a 
large sample of patients. A detailed review of a subset of pa-
tients with OSA did not identify predictive factors for which 
patients with OSA are more likely to be readmitted. Further in-
vestigation is needed to better define the relationship between 
OSA, its treatment, and hospital readmission.

ABBRE VI ATIONS

ACS, acute coronary syndrome
AHI, apnea-hypopnea index
BMI, body mass index
CHF, congestive heart failure
COPD, chronic obstructive pulmonary disease
EMR, electronic medical record
GERD, gastroesophageal reflux disease
ICD, International Classification of Diseases
OSA, obstructive sleep apnea
PAP, positive airway pressure
PSG, polysomnography
RDI, respiratory disturbance index
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