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Peter K. Lindenauer, MD; Mihaela S. Stefan, MD; Karin G. Johnson, MD;
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Background: OSA is associated with increased risks of respiratory complications following sur-
gery. However, its relationship to the outcomes of hospitalized medical patients is unknown.
Methods: We carried out a retrospective cohort study of patients with pneumonia at 347 US hos-
pitals. We compared the characteristics, treatment, and risk of complications and mortality among
patients with and without a diagnosis of OSA while adjusting for other patient and hospital
factors.

Results: Of the 250,907 patients studied, 15,569 (6.2%) had a diagnosis of OSA. Patients with OSA
were younger (63 years vs 72 years), more likely to be men (53% vs 46%), more likely to be married
(46% vs 38%), and had a higher prevalence of obesity (38% vs 6%), chronic pulmonary disease
(68% vs 47%), and heart failure (28% vs 19%). Patients with OSA were more likely to receive
invasive (18.1% vs 9.3%) and noninvasive (28.8% vs 6.8%) forms of ventilation upon hospital admis-
sion. After multivariable adjustment, OSA was associated with an increased risk of transfer to
intensive care (OR, 1.54; 95% CI, 1.42-1.68) and intubation (OR, 1.68; 95% CI, 1.55-1.81) on or
after the third hospital day, longer hospital stays (risk ratio [RR], 1.14; 95% CI, 1.13-1.15), and
higher costs (RR, 1.22; 95% CI, 1.21-1.23) among survivors, but lower mortality (OR, 0.90; 95%
CI, 0.84-0.98).

Conclusion: Among patients hospitalized for pneumonia, OSA is associated with higher initial
rates of mechanical ventilation, increased risk of clinical deterioration, and higher resource use,
yet a modestly lower risk of inpatient mortality. CHEST 2014; 145(5):1032-1038

Abbreviations: CAP = community-acquired pneumonia; HCAP = health-care-associated pneumonia; ICD-9-CM =
International Classification of Diseases, Ninth Revision, Clinical Modification

Pneumonia is the most common infectious cause of
hospitalization in the United States, is responsible
for > 1 million hospital admissions annually, and has
an inpatient mortality of 4% to 9%.1? Complications
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include the development of empyema, sepsis, ARDS,
and respiratory failure.34

OSA is characterized by repeated collapse and
obstruction of the upper airways during sleep, result-
ing in frequent episodes of hypopnea, apnea, and oxy-
gen desaturation. Epidemiologic studies suggest that
the prevalence of moderate OSA is 2% to 7% among
women and 7% to 14% among men.>$ OSA has been
associated with a diverse set of adverse clinical out-
comes, including diabetes, hypertension, heart failure,
arrhythmias, and cerebrovascular disease.%1> Among
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patients undergoing surgery, OSA is an independent
risk factor for postoperative complications, including
oxygen desaturation, respiratory failure, postoperative
cardiac events, and transfers to intensive care, but is
associated with a paradoxically lower risk of inpatient
mortality.'6-19

Little is known about the prevalence or impact of
OSA on the outcomes of patients with acute medical
conditions, such as pneumonia. We hypothesized that
the repeated episodes of hypopnea and apnea that
characterize OSA might result in an increased risk of
pulmonary complications in the context of acute lower
respiratory tract infection and diminished pulmonary
reserve. We, therefore, sought to compare the char-
acteristics, treatments, and outcomes of patients with
pneumonia who did or did not have OSA.

MATERIALS AND METHODS

Design, Setting, and Subjects

We conducted a retrospective cohort study of patients admit-
ted between July 1, 2007, and June 30, 2010, from a geographically
and structurally diverse group of 347 US hospitals that contributed
data to Perspective (Premier Inc), a voluntary database developed
to enable participants to analyze and compare their quality per-
formance and resource use to other institutions. In addition to the
information contained in the standard hospital discharge abstract
(ie, UB-04), the database contains a daily log of all items and ser-
vices charged to the patient or their insurer, including medications,
laboratory and radiologic tests, and services such as respiratory
and physical therapy. Three-fourths of hospitals that participate in
Perspective report actual hospital costs (as compared with charges
or collections) derived from internal cost-accounting systems,
whereas others provide cost estimates calculated using Medicare
cost-to-charge ratios. Data are collected electronically from par-
ticipating sites and audited regularly to ensure data validity. The
database represents approximately 15% of all annual US hospital
admissions and has been used extensively in clinical epidemio-
logic and outcomes research.20-24

We included all patients aged = 18 years with a principal dis-
charge diagnosis code (International Classification of Diseases,
Ninth Revision, Clinical Modification [ICD-9-CM]) of pneumonia
(481,482x[x=0,1, 2, 3,4,8,9],483.1, 483.8, 484.8, 485, 486)
or a secondary diagnosis of pneumonia when accompanied by
a principal diagnosis of respiratory failure (518.81, 518.84), ARDS
(518.82), respiratory arrest (799.1), sepsis (038.x [x=0, 1, 2, 3, 4,
8, 9]; 995.91, 995.92; 785.52; 790.7), or influenza (487.0, 487.1,
487.8, 488); who underwent chest radiography; and were treated
with antibiotics within 48 h of admission. We excluded patients who
were transferred from or to other acute care facilities because
we did not have information about treatment received at the ini-
tial hospital and could not ascertain final outcomes, those with a
length of stay of <2 days, patients with cystic fibrosis, those with
a Medicare Severity Diagnosis-Related Group inconsistent with
pneumonia or its sequelae, and those with a present-on-admission
modifier code indicating that the pneumonia was not present at
admission.

Patient and Hospital Information

In addition to patient age, sex, race, ethnicity, marital status, and
primary insurance coverage, we recorded the presence of up to
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29 unique comorbidities using software provided by the Health-
care Costs and Utilization Project of the Agency for Healthcare
Research and Quality.» We also used ICD-9-CM secondary diag-
nosis codes to identify patients with atrial fibrillation present at
the time of admission. We recorded whether the pneumonia was
community-acquired pneumonia (CAP) or health-care-associated
pneumonia (HCAP). HCAP was defined based on prior hospitali-
zation within 90 days, admission from a skilled nursing facility,
hemodialysis, or immune suppression. Using daily service and sup-
ply charges from respiratory therapy and the pharmacy, we assessed
receipt and duration of invasive and noninvasive mechanical ven-
tilation and vasopressors started at admission, defined as the first
or second hospital day (e-Table 1). We used the first 2 days of hos-
pitalization rather than just the first day because in administrative
datasets the duration of the first hospital day includes partial days.
OSA was defined based on the presence of a secondary diagnosis
code of 327.23. In addition to these patient factors, we recorded
key characteristics (number of beds, teaching status, geographic
region) for each hospital included in the dataset.

The data do not contain identifiable information. Therefore,
the Institutional Review Board at Baystate Medical Center deter-
mined that this study did not constitute human subjects research.

Outcomes

The primary study outcome was the development of serious
complications after hospital admission, which we defined as trans-
fer to intensive care and initiation of invasive mechanical ventila-
tion taking place after the second hospital day. Secondary outcomes
included inpatient mortality, hospital length of stay, and costs.

Analyses

We calculated summary statistics using frequencies and pro-
portions for categorical data and medians and interquartile ranges
for continuous variables. We compared the characteristics of
patients who had a diagnosis of OSA with those who did not
using X2 or nonparametric Kruskal-Wallis tests. We modeled the
association between the presence of OSA and the primary and
secondary study outcomes while adjusting for the effects of age,
sex, race/ethnicity, comorbidities, type of pneumonia, and hospital
characteristics. Analyses focused on length of stay, and costs were
carried out both in the full sample as well as among the subset
of survivors. Length of stay and costs were trimmed at 3 SDs
above the mean because of extreme positive skew, and natural log-
transformed values were used for analyses. Generalized estimating
equations with robust SEs were used to account for the clus-
tering of patients within hospitals. In a sensitivity analysis, we
developed regression models on a sample restricted to patients
with a principal diagnosis of pneumonia.

All analyses were performed using the Statistical Analysis Sys-
tem, version 9.3 (SAS Institute Inc) and STATA Stata Statistical
Software, release 12 (StataCorp LP).

RESULTS

Patient Characteristics and Initial Management

A total of 250,907 patients met our enrollment
criteria and were included in the study, of whom
15,569 (6.2%) had a secondary diagnosis of OSA
(Fig 1). The median age of the patients was 71 years,
53% were women, and approximately two-thirds were
white (Table 1). Hypertension, chronic pulmonary
disease, diabetes, and deficiency anemias were the
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most commonly recorded comorbidities. Pneumo-
nia was CAP in 165,810 cases (66%) and HCAP in
85,097 cases (34%). The median length of stay in the
hospital was 5 days, and median cost per case was
$7,751. A total of 18,072 patients (7.2%) died prior
to discharge.

When compared with those without OSA, patients
with OSA were younger (63 years vs 72 years) and more
likely to be men (53% vs 46%), white (70% vs 68%),
and married (46% vs 38%) (Table 1). We observed sub-
stantial differences in the comorbidity profile of patients
with and without OSA. For example, patients with
OSA were much more likely to be diagnosed with
obesity (38% vs 6%), chronic pulmonary disease (68%
vs 47%), diabetes (40% vs 23%), heart failure (28%
vs 19%), and hypertension (52% vs 46%) than those
without. However, patients with and without OSA
were equally likely to have HCAP (33.6% vs 33.9%).

Regarding initial management, patients with OSA
were far more likely to be treated with mechanical
ventilation on the first or second hospital day, includ-
ing both invasive (18.1% vs 9.3%) and noninvasive
forms of ventilation (28.8% vs 6.8%). Among those
who received invasive mechanical ventilation, patients
with and without OSA spent a median of 5 days on
the ventilator. The percentage of patients who received
vasopressors was similar between the two groups
(9.0% vs 8.4%).

Complications and Other Outcomes

The incidence of serious complications after admis-
sion was higher among patients with OSA. Those with
sleep apnea were more likely to have invasive mechan-
ical ventilation initiated after the second hospital day
compared to those without OSA (6.5% vs 3.8%). Sim-
ilarly, transfer to the ICU on or after hospital day 3

Primary diagnosis for PN OR Primary diagnosis for Respiratory failure, ARDS,
Respiratory arrest, Sepsis, Influenza with secondary diagnosis for PN; discharged
between July 1, 2007 and June 30, 2010; Age >= 18 years; Eligible CXR-CH CT -
ABX days

312715

2 Unknown gender
748 Not inpatient
10706 Transfer from acute care facility or unknown
3870 Transfer to acute care facility or still a patient
565 Cystic fibrosis: Secondary ICD 277.0x (x = 0,1,2,3,9)
1500 LOS =1 day
4681 Ineligible MS DRG
522 Ineligible attending physician specialty
7433 Clearly not POA codes for primary and secondary pneumonia
4 Incorrect discharge/admit dates

30031 Total exclusions

‘ 282684  Study eligible admissions

‘ 250907 After random selection of 1 admission per patient ‘

FIGURE 1. Recruitment. ABX = antibiotic; CH CT = chest CT scan;
CXR = chest radiograph; ICD = International Classification of
Diseases; LOS = length of stay; MS DRG = Medicare Severity
Diagnosis—Related Group; PN = pneumonia; POA = present on
admission.
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was more common among patients with OSA (5.6%
vs 3.5%). In-hospital mortality was lower among patients
with OSA (5.2% vs 7.3%).

Results of Multivariable Analyses

In a generalized estimating equation model that
accounted for patient demographics, comorbidities,
whether the pneumonia was CAP or HCAP, admit-
ting physician specialty, hospital type, and the effects
of clustering, OSA was associated with an increased
risk of transfer to the ICU on hospital day 3 or later
(OR, 1.54; 95% CI, 1.42-1.68) as well as the initiation
of mechanical ventilation on day 3 or later (OR, 1.68;
95% CI, 1.55-1.81). OSA was also associated with
14% longer length of stay (95% CI, 13%-15%) and
22% higher costs (95% CI, 21%—23%) among survi-
vors. In contrast, after adjustment we found some-
what lower mortality associated with OSA (OR, 0.90;
95% CI, 0.84-0.98) (Fig 2).

Sensitivity Analysis

When we restricted the analysis to patients with a
principal diagnosis of pneumonia, OSA was still asso-
ciated with an increased risk of late transfer to the
ICU (OR, 1.53; 95% CI, 1.36-1.71) and late initia-
tion of invasive mechanical ventilation (OR, 1.89;
95% CI, 1.70-2.10), but there was no longer a statis-
tically significant association with mortality (OR, 0.95;
95% CI, 0.83-1.09) (Table 2, e-Tables 2, 3).

Di1scUsSION

In this large observational study, we found OSA
to be a common comorbidity among patients hospi-
talized for pneumonia. Although patients with sleep
apnea were close to 10 years younger on average, they
had a substantially higher prevalence of serious comor-
bidities, including chronic pulmonary disease and
heart failure; were more than twice as likely to require
invasive mechanical ventilation at the time of admis-
sion; and had >50% increased odds of clinical dete-
rioration requiring transfer to the ICU and initiation of
invasive ventilation later in the hospital stay. Together,
these factors led patients with OSA to have increased
length of stay and higher hospital costs compared
to those without sleep apnea. Interestingly, despite
the higher rate of complications, we did not find an
increased risk of mortality; instead, we observed a
somewhat lower risk of mortality compared to patients
without OSA.

One possible explanation for these findings is that in
the context of pneumonia, in which there are increased
levels of ventilation-perfusion mismatch and higher
minute ventilation,? episodes of hypopnea, apnea, and
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Table 1—Characteristics of Patients With and Without OSA Included in the Study

Characteristic Overall No Sleep Apnea Sleep Apnea P Value
Total 250,907 (100) 235,338 (93.8) 15,569 (6.2)
Age, median (Q1-Q3), y* 71 (57-82) 72 (58-82) 63 (53-73) <.001
Female 133,724 (53.3) 126,441 (53.7) 7,283 (46.8)
Race/ethnicity <.001
White 170,585 (68.0) 159,690 (67.9) 10,895 (70.0)
Black 29,289 (11.7) 27,202 (11.6) 2,087 (13.4)
Hispanic 12,246 (4.9) 11,587 (4.9) 659 (4.2)
Other 38,787 (15.5) 36,859 (15.7) 1,928 (12.4)
Marital status <.001
Married 95,676 (38.1) 88,577 (37.6) 7,099 (45.6)
Single 127,972 (51.0) 120,734 (51.3) 7,238 (46.5)
()ther/missing 27,259 (10.9) 26,027 (11.1) 1,232 (7.9)
Insurance payor <.001
Medicare 169,483 (67.6) 159,934 (68.0) 9,549 (61.3)
Medicaid 20,612 (8.2) 18,995 (8.1) 1,617 (10.4)
Managed care 34,864 (13.9) 32,060 (13.6) 2,804 (18.0)
Commercial-indemnity 9,492 (3.8) 8,755 (3.7) 737 (4.7)
Other 16,456 (6.6) 15,594 (6.6) 862 (5.5)
Admitting physician specialty <.001
Critical care medicine or pulmonary diseases 16,131 (6.4) 14,586 (6.2) 1,545 (9.9)
Family practice 40,506 (16.1) 38,350 (16.3) 2,156 (13.8)
Internal and geriatric medicine 117,201 (46.7) 7,062 (45.4) 110,139 (46.8)
Hospital medicine 43,887 (17.5) 40,730 (17.3) 3,157 (20.3)
Other specialty 33,182 (13.2) 31,533 (13.4) 1,649 (10.6)
Type of pneumonia .38
HCAP 85,097 (33.9) 79,867 (33.9) 5,230 (33.6)
CAP 165,810 (66.1) 155,471 (66.1) 10,339 (66.4)
Comorbidities”
Chronic pulmonary disease 121,890 (48.6) 111,355 (47.3) 10,535 (67.7) <.001
Hypertension 116,574 (46.5) 108,430 (46.1) 8,144 (52.3) <.001
Diabetes 59,709 (23.8) 53,451 (22.7) 6,258 (40.2) <.001
Deficiency anemias 55,744 (22.2) 52,638 (22.4) 3,106 (19.9) <.001
Congestive heart failure 49,479 (19.7) 45,081 (19.2) 4,398 (28.2) <.001
Atrial fibrillation 45,651 (18.2) 42,524 (18.1) 3,127 (20.1) <.001
Renal failure 32,075 (12.8) 29,571 (12.6) 2,504 (16.1) <.001
Hypothyroidism 28,851 (11.5) 26,939 (11.4) 1,912 (12.3) .002
Depression 26,244 (10.5) 24,123 (10.3) 2,121 (13.6) <.001
Other neurologic disorders 25,650 (10.2) 24,457 (10.4) 1,193 (7.7) <.001
Obesity 20,364 (8.1) 14,475 (6.2) 5,889 (37.8) <.001
\/Veight loss 15,877 (6.3) 15,337 (6.5) 540 (3.5) <.001
Valvular disease 15,789 (6.3) 14,829 (6.3) 960 (6.2) 5
Peripheral vascular disease 14,170 (5.7) 13,292 (5.6) 878 (5.6) 1.0
Pulmonary circulation disease 12,328 (4.9) 10,465 (4.4) 1,863 (12.0) <.001
Initial receipt of noninvasive ventilatione 20,573 (8.2) 16,084 (6.8) 4,489 (28.8) <.001
Initial receipt of invasive ventilation 24,786 (9.9) 21,974 (9.3) 2,812 (18.1) <.001
Initial treatment with vasopressorse 21,177 (8.4) 19,774 (8.4) 1,403 (9.0) 01
Principal diagnosis <.001
Pneumonia/influenza 178,293 (71.1) 168,411 (71.6) 9,882 (63.5)
Sepsis 50,898 (20.3) 48,258 (20.5) 2,640 (17.0)
Respiratory failure/arrest 21,716 (8.7) 18,669 (7.9) 3,047 (19.6)
Hospital characteristics
Bed size <.001
=200 beds 49,929 (19.9) 47,248 (20.1) 2,681 (17.2)
201-400 beds 97,818 (39.0) 91,993 (39.1) 5,825 (37.4)
> 400 beds 103,160 (41.1) 96,097 (40.8) 7,063 (45.4)
Rural/urban status <.001
Rural 33,480 (13.3) 31,858 (13.5) 1,622 (10.4)
Urban 217,427 (86.7) 203,480 (86.5) 13,947 (89.6)
Teaching status <.001
Teaching 86,919 (34.6) 81,124 (34.5) 5,795 (37.2)
Nonteaching 163,988 (65.4) 154,214 (65.5) 9,774 (62.8)
(Continued)
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Table 1—Continued

Characteristic Overall No Sleep Apnea Sleep Apnea P Value
Region <.001
Northeast 41,037 (16.4) 38,927 (16.5) 2,110 (13.5)
Midwest 55,301 (22.0) 51,506 (21.9) 3,795 (24.4)
West 42,719 (17.0) 40,217 (17.1) 2,502 (16.1)
South 111,850 (44.6) 104,688 (44.5) 7,162 (46.0)
Outcomes
Inpatient mortality 18,072 (7.2) 17,263 (7.3) 809 (5.2) <.001
Late transfer to ICU¢ 7,410 (3.6) 6,783 (3.5) 627 (5.6) <.001
Late initiation of invasive ventilationd 8,949 (4.0) 8,118 (3.8) 831 (6.5) <.001
LOS, median (Q1-Q3),2y 5 (3-8) 5 (3-8) 6 (4-9) <.001
LOS, median (Q1-Q3),* y among survivors 5 (3-8) 5 (3-8) 6 (4-9) <.001
Sosts, median (Q1-Q3),* $ 7,751 (4,854-13,915) 7,637 (4,799-13,648) 9,827 (5,886-18,145) <.001
Costs, median (Q1-Q3),* $ among survivors 7,424 (4,728-12,904) 7,310 (4,675-12,645) 9,425 (5,750-16,960) <.001

Data are presented as No. (%) unless otherwise noted. CAP = community-acquired pneumonia; HCAP = health-care-associated pneumonia;

LOS =length of stay; Q = quartile. P based on x? tests.
aP based on Kruskal-Wallis tests.

bComorbidities < 5%: psychoses, rheumatoid arthritis/collagen vascular disease, solid tumor without metastasis, metastatic cancer, paralysis, alcohol

abuse, liver disease, drug abuse, lymphoma, chronic blood loss anemia.

<Days 1 or 2.
dDay 3 or later.

the resulting oxygen desaturation are poorly tolerated.
As a consequence, patients with pneumonia with OSA
are more likely to exhibit signs of respiratory failure
than other patients. This appears to be the case both
at the time of admission as well as later in the course
of the hospitalization. One can hypothesize, then,
that the intubation of patients with OSA may, in some
cases, be precipitated by apnea- and hypopnea-related
episodes of hypoxia, made worse by the acute con-
solidation of pneumonia. In contrast, among patients
without sleep apnea, intubation generally signals

Late ICU*
a. 1.63(1.49-1.77) 1
b. 1.49 (1.37 - 1.62) "
c. 1.54(1.42-1.68) e
Late IMV*
a. 1.78 (1.65- 1.93) —e—
b. 1.55(1.44-1.67) e
c. 1.68(1.55-1.81) ——
Mortality*
a. 0.70 (0.65 - 0.75) —e—i
b. 0.80 (0.74 - 0.86) —e—
c. 0.90 (0.84 -0.98) —e—
Log LOS**
a. 1.14 (1.12-1.15) o
b. 1.15(1.14 - 1.16) [
c. 1.14(1.13-1.15) -
Log Cost**
a. 1.26(1.24-1.27) o
b. 1.24 (1.23-1.26) »

c. 1.22(121-1.23) "
T T T
5 1 15 2

FIGURE 2. ORs and risk ratios for the association between OSA
and patient outcomes. All models account for clusterin% of patients
in hospitals. a: Unadjusted; b: Adjusted for demographics, admit-
ting physician specialty, and hospital characteristics; c¢: Adjusted
for health-care-associated pneumonia vs community-acquired pneu-
monia, demographics, admitting physician specialty, hospital charac-
teristics, and comorbidities. *OR (95% CI). **Risk ratio (95% CI)
among survivors. IMV = invasive mechanical ventilation. See
Figure 1 legend for expansion of other abbreviation.
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the development of severe sepsis, ARDS, or both.
This may also help explain the apparent paradox
we observed of a higher incidence of serious com-
plications that was not accompanied by an increased
risk of mortality. Another possibility is that the lower
mortality we observed among patients with sleep apnea
may be due to increased mechanical ventilation at
the time of admission, thereby avoiding later compli-
cations. Finally, obesity was far more prevalent among
the patients with sleep apnea. The obesity paradox,
which is the observation that obese patients have better
outcomes in the face of acute illness, potentially due
to earlier presentation to medical care or increased
metabolic reserves, should also be considered.2725
Although, to our knowledge, this is the first study
of OSA in the setting of pneumonia, the relationship
of sleep apnea to the outcomes of patients under-
going surgery has been the focus of prior investiga-
tion. In an analysis of the nationwide inpatient sample,
Memtsoudis and colleagues'® reported that 1.4% to
2.5% of patients undergoing major orthopedic and
general surgical procedures had an ICD-9-CM code
indicative of OSA, and this was associated with an
increased risk of pulmonary complications, including
pneumonia, ARDS, and postoperative respiratory fail-
ure requiring intubation and mechanical ventilation. In
two more recent studies using the nationwide inpa-
tient sample, Mokhlesi and colleagues's 1 found that
surgical patients with sleep apnea who underwent a
diverse set of elective surgical procedures, including
bariatric surgery, had reduced risk of mortality com-
pared to those without sleep apnea. Our findings
of an increased risk of complications but decreased
mortality among patients with sleep apnea who are
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Table 2—Results of Sensitivity Analyses

Analysis

OR (95% CI)

Late ICU Late IMV Mortality

Analysis restricted to patients with a principal diagnosis of pneumonia

Unadjusted®

Adjusted for patient demographics, admitting physician, hospital characteristics®
Adjusted for patient demographics, admitting physician, comorbidities, hospital

characteristics, HCAP vs CAP:

1.62 (1.45-1.81)
1.52 (1.36-1.70)
1.53 (1.36-1.71)

2.01 (1.75-2.31)
1.78 (1.61-1.97)
1.89 (1.70-2.10)

0.69 (0.61-0.79)
0.85 (0.75-0.97)
0.95 (0.83-1.09)

IMV = invasive mechanical ventilation. See Table 1 legend for expansion of other abbreviations.
sGeneralized estimating equation models accounting for clustering of patients within hospitals.

hospitalized for pneumonia extend these observations
to another large, high-risk population.

Strengths of this study include the large number of
patients and diverse set of hospitals, increasing the
generalizability of our results. In addition, we took
advantage of daily billing records to assess receipt
and duration of invasive and noninvasive ventilation,
vasopressors, and ICU transfer. Our results were also
robust to a sensitivity analysis limited to patients with
a principal diagnosis of pneumonia.

Nevertheless, our findings should be considered in
light of several limitations. First, we used ICD-9-CM
codes to identify cases of OSA, and it is likely that
the true percentage of patients with OSA in our sam-
ple was higher than the 6.2% that we reported. Such
an interpretation is supported by epidemiologic stud-
ies, which have estimated the prevalence of mild
OSA to be 20% among adults® and sleep-disordered
breathing to affect 56% of women and 70% of men
> 65 years of age.’ Second, it is possible that the
patients who receive a diagnosis of OSA in the hos-
pital represent those with the most severe disease. If
this is true, it is possible that our results may have
overestimated the impact of OSA on patient outcomes,
such as the risk of respiratory complications. At the
same time, a large number of cases of unrecognized
sleep apnea in the group we did not consider to have
apnea would have had the opposite effect, biasing our
results toward the null. Third, we did not have infor-
mation about use of positive airway pressure prior to
admission or to the possible “carry-over” effect from
use or withdrawal of home positive airway pressure in
the hospital. Finally, we did not have information on
the do not resuscitate status of patients. Although our
models adjusted for differences in patient age, the
higher initial rates of ventilation, higher rates of late
transfer to the ICU and late initiation of ventilation,
and similar if not lower overall mortality may have
been partially influenced by preferences for care.

CONCLUSIONS

OSA is a common comorbidity among patients
with pneumonia associated with increased receipt of

journal.publications.chestnet.org

mechanical ventilation upon hospital admission, higher
rates of complications during the hospital stay, yet a
somewhat lower risk of mortality. Additional research
is needed to identify the factors that underlie these
observations.
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