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Study Objectives: Treatment of sleep-disordered breathing may improve health-related outcomes postdischarge. However timely definitive sleep testing and
provisionof ongoing therapyhasbeenachallenge. Little is knownabout how the timeof testing—duringhospitalizationvsafter discharge—affects important outcomes
such as treatment adherence.
Methods: Weconducteda10-year retrospectivestudyofhospitalizedadultswhoreceivedan inpatient sleepmedicineconsultation for sleep-disorderedbreathingand
subsequent sleep testing. We divided them into inpatient and outpatient sleep testing cohorts and studied their clinical characteristics, follow-up, positive airway
pressure adherence, pressure adherence, hospital readmission and mortality.
Results: Of 485 patients, 226 (47%) underwent inpatient sleep testing and 259 (53%) had outpatient sleep testing. The median age was 68 years old (interquartile
range = 57–78), and 29.6%were females. The inpatient cohort had a higher CharlsonComorbidity Index (4 [3–6] vs 3[2–5],P≤ .0004). A higher CharlsonComorbidity
Index (hazard ratio =1.14, 95%confidence interval:1.03–1.25,P= .001), bodymass index (hazard ratio =1.03, 95%confidence interval:1.0–1.05,P= .008), andstroke
(hazard ratio = 2.22, 95% confidence interval:1.0–4.9, P = .049) were associated with inpatient sleep testing. The inpatient cohort kept fewer follow-up appointments
(39.90% vs 50.62%, P = .03); however positive airway pressure adherence was high among those keeping follow-up appointments (88.9% [inpatient] vs 85.71%
[outpatient], P = .55). The inpatient group had an increased risk for death (hazard ratio: 1.82 95% confidence interval 1.28–2.59, P ≤ .001) but readmission rates did
not differ.
Conclusions: Medically complex patients were more likely to receive inpatient sleep testing but less likely to keep follow-up, which could impact adherence and
effectiveness of therapy. Novel therapeutic interventions are needed to increase sleep medicine follow-up postdischarge, which may result in improvement in health
outcomes in hospitalized patients with sleep-disordered breathing.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Sleep-disordered breathing is a highly prevalent comorbid condition in hospitalized patients. Despite data suggesting
that inpatient diagnosis and treatment of obstructive sleep apnea may confer clinical benefits postdischarge, little is known about postdischarge treatment
outcomes.
Study Impact: This study provides insight on postdischarge treatment adherence in hospitalized patients with sleep-disordered breathing and calls for the
development of innovative new treatment care models to improve outcomes in this high-risk patient population.

INTRODUCTION

Obstructive sleep apnea (OSA) is a prevalent condition that
affects 29.4million adults in theUnited States, with 23.5million
being undiagnosed.1 Untreated OSA has been associated with
significantmorbidity andmortality, especially among thosewith
cardiovascular diseases such as heart failure, coronary artery
disease,hypertension,andstroke.2,3 In recentyears therehasbeen
an interest in developing screening methods for early diagnosis
and treatment of OSA during hospitalization, given the high
prevalence of comorbid OSA in this patient population.4,5 Data
have shown that for every 5 hospitalized adults, 2 are at high risk

for OSA5 comorbidity and 87% of admitted adults with obesity
(≥ 30 kg/m2) have OSA.6

In addition, obesity hypoventilation syndrome, chronic
obstructive pulmonary disease-related hypoventilation, central
sleep apnea, and other causes of hypoventilation have all been
associated with worse hospital outcomes, increased readmission
rates,7–13 and often require sleep testing to qualify or optimize
positive airway pressure (PAP) therapy. Several studies suggest
that early treatment of sleep-disordered breathing (SDB) in
hospitalized patients improves health-related outcomes. In
cardiac patients with OSA, PAP initiation during hospitalization
significantly reduces readmission rates and emergency visits
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30 days postdischarge.14 Likewise, patients admitted with acute
decompensated heart failure with treated compared to untreated
OSAhave better survival rates that are similar to patientswithout
OSA.12 In stroke patients undergoing inpatient rehabilitation,
PAP therapy seems to improve stroke-related impairments,
including motor and functional outcomes.15,16 Moreover in
patientswithobesityhypoventilationsyndromehospitalizedwith
acute-on-chronic hypercapnic respiratory failure, PAP therapy
reduces mortality following hospitalization.17

These observations suggest that treatment of SDB during
hospitalization or right after discharge improves outcomes in
certainat-riskpopulations,butSDBinmanyhospitalizedpatients
remains undiagnosed and untreated.18,19 This may be partially
explained by the lack of provider awareness,6 limited availability
of inpatient sleep medicine services, or the absence of standard-
ized guidelines to diagnose and treat SDB in the hospital. In
practice, many patients with suspected SDB are empirically
startedonPAPtherapy in thehospital, and thepragmaticquestion
is often how to enable PAP therapy and appropriate follow-up
after discharge. Coverage determinations for PAP therapy rely in
part on diagnostic sleep testing. Sleep testing in United States
hospitals is unfortunately generally not reimbursed as a specific
service, and arranging for testing during hospitalization brings
many logistical and technical challenges. However, these logis-
tical and economic challenges must be weighed against cost
savings that may accrue when sleep testing enables provision of
appropriate PAP devices, which may expedite dismissal and
prevent readmission.

While treatment of SDB with PAP therapy may confer health
benefits and cost savings by speeding dismissal and preventing
readmission, some data suggest that follow-up and PAP adher-
ence postdischarge pose challenges. In patients admitted with
acute decompensated heart failure with reduced left ventricular
ejection fraction, less than 50% in who follow-up polysomno-
gramwas recommendedactuallydid so.12 Inanother study, out of
the 50 cardiac patients discharged with PAP therapy, only 19
patientsmet adherence criteria in the first 90 days of treatment.14

Thus, further investigation on treatment adherence in patients
who undergo inpatient sleep testing is needed.

The goal of our study was to investigate how performance of
sleep testing duringvs after hospitalizationdifferentially impacted
certain patient outcomes, including postdischarge follow-up rates
of PAP therapy, PAP adherence, all-cause hospital readmission,
and all-causemortality rate. To address these knowledge gaps, we
performed a retrospective study of patients evaluated by a sleep
medicine specialist during hospitalization and divided them into 2
cohorts based upon the location in which the sleep study was
performed: inpatient or outpatient. We hypothesized that patients
undergoing inpatient sleep apnea testing would have decreased
PAP follow-up rates, PAPadherence postdischarge, and increased
risk readmission andmortality.

METHODS

Setting
Mayo Clinic Hospital, located in Rochester, MN, is a 2,207-bed
academicmedicalcenter.TheCenter forSleepMedicineoffersan

inpatient sleepmedicine consult service that performs an average
of 170 consults per year and is staffed by the same sleepmedicine
specialists. When there is suspicion for OSA in hospitalized
patients or qualification for noninvasive ventilation for SDB is
required prior to discharge, a sleep medicine consultant
determines the type of sleep study, if any, to be performed and
helps arrange PAP prescription and PAP-related follow-up care
while theconsultingservicealongwithhospitalcaremanagement
coordinate PAP therapy set up.

Study design
We performed a retrospective observational cohort study. To
form the 2 cohorts, we used a natural language processing tool
(Advanced Cohort Explorer, “ACE”) developed byMayo Clinic
that searches a unified data platform containing all clinical and
hospital notes, diagnoses, medical orders, laboratory results and
pathology records, and billing codes using the terms “Sleep
DisordersHospitalService”.Wealsousedsleepstudyprocedural
codes to identifypatientsof interest.We includedall patients≥18
years old who were hospitalized from January 2008 through
March 2018 who received an inpatient sleep medicine consul-
tation and subsequently had a sleep study within 90 days of
consultation.Across the10years, anaverageof170consultswere
performed. All cases identified by the broad search were
manually reviewed to ensure the inclusion criteria were met.
This study was approved by the Institutional Review Board.

Data collection and definitions
Demographics including age, race, sex, patient residential zip
code, insurance, vital status, and clinical characteristics were
obtained fromthemedical record.Patient residential zipcodewas
used tocalculatedistance inmilesfrompatient’shometo thesleep
clinic,where follow-upandanyoutpatient sleep testingoccurred.
The discharge diagnoses were extracted from the hospital
discharge summaries and categorized according to the main
physiological systems involved. The level of comorbidity was
calculated using an enhanced coding algorithm for the Charlson
Comorbidity Index (CCI) that pulls relevant diagnoses from the
health record using theACE, resulting in scores ranging from0 to
6, with higher scores indicating higher comorbidity.20 The initial
sleepmedicine consult notewas reviewed todeterminewhat kind
of sleep testing and treatment recommendations were recorded.
Sleep study data (as available given type of test performed) were
also obtained including sleep study type (diagnostic polysomno-
gram, full titration polysomnogram, type III home sleep apnea
test, peripheral arterial tonometry test), and SDB diagnosis
including OSA (apnea-hypopnea index [AHI] ≥ 5 events/h with
predominantly obstructive and mixed apneas, hypopneas, or
respiratory effort related arousals), central sleep apnea (AHI ≥ 5
events/hwith central apneas and/or central-appearing hypopneas
comprised>50%of the totalnumberof respiratoryevents), sleep-
related hypoxia (oxyhemoglobin desaturation ≤ 90% for more
than 5 minutes during sleep), hypoventilation (increase in the
arterial PCO2 to a value>55mmHg for≥10minutes or if there is
≥10-mmHgincrease in arterialPCO2[or surrogate]during sleep
[in comparison to an awake supine value] to a value exceeding
50 mmHg for ≥ 10 minutes.)21,22
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Patient outcomes
PAP follow-upwasdefined in the inpatient groupby the presence
of aPAPfollow-upvisit notewithin90daysofdischarge from the
hospital and in the outpatient group by the presence of a PAP
follow-up visit note within 90 days of the sleep study. At Mayo
Clinic,patientsget their sleepstudyresultsandaPAPprescription
themorningafter the sleep studywasperformed.The90-dayPAP
follow-up period was chosen based on the Center for Medicare
andMedicaid Services follow-up requirement after starting PAP
therapy.23 Patients diagnosed with primary snoring had no
planned follow-upwith sleepmedicineand, alongwith thosewho
died during hospitalization or within 90 days of discharge, were
excluded from the follow-up analyses (Figure 1). Patients were
considered adherent with PAP therapy if the sleep medicine
provider’s follow-up note documented “good compliance” or
there was documentation of an average of 4 hours a night for at
least 70% of nights. The all-cause 90-day readmission rate was
defined by any hospitalization > 24hours butwithin 90 days after
discharge.

Statistical analysis
Patientcharacteristicsweresummarizeddescriptivelyusingmeans
and standard deviation or medians and interquartile range for
continuous variables and frequencies and percentages for categor-
ical variables. Inpatient vs outpatient groupswere compared using
chi-square test for categorical variables and 2-sample t-test or
Wilcoxon rank sum test for continuous numeric variables. Odds
ratios and 95% confidence intervals were calculated from
unadjustedandadjusted logisticmodels toevaluate theassociation
of clinical variables with the decision to perform inpatient vs
outpatient sleep testing. Multivariable logistic regression model
was fitted to establish the determinants of choosing to do an
inpatient vs outpatient sleep study (dependent variable) and to find
associations with likelihood to keep follow-up appointments for
PAP adherence and efficacy (dependent variable). Clinically
relevant covariates were chosen and included in the model
including patient demographics and comorbidities, along with
the CCI, evaluating the decision to do an inpatient vs outpatient
studyascandidate independentvariables.For themodelevaluating

Figure 1—Follow-up outcome flow chart.

N=485

Recommended
Follow up

N=193

Excluded:
25 patients died
8 patients had
primary snoring

Inpatient sleep
testing group

N=226

Recommended
Follow up

N=243

Excluded:
4 patients died
12 patients had
primary snoring

Outpatient sleep
testing group

N=259

No Follow up
N=116

Follow up
N=77

No Follow up
N=120

Follow up
N=123
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likelihood to keep the follow-up appointments, we entered
inpatient vs outpatient testing, demographics, sleep study results,
distance from our sleep center (in 10-mile increments), and CCI.
Multicollinearitybetweencomorbidities and theCCIwasassessed
by calculating the variance inflation factor for each variable.

Wecompared all-causemortality from the time the sleep study
was performed to the date of death or last follow-up between the
2 groups using the log-rank test. Patients lost to follow-up were
censored at the time of last known contact with any inpatient or
outpatient contact at our medical center. In addition, a multivar-
iable Cox proportional hazards models was used to compare the
survivalbetween the twogroupswithandwithoutadjustments for
covariates, including age, sex, bodymass index (BMI), O2, AHI,
heart failure, stroke, CCI, race, and follow-up. A 2-sided P < .05
was considered statistically significant. All analyses were
performed using JMP 14 (SAS Institute, Cary, NC).

RESULTS

Demographics and sleep test type and results
Out of 485 patients with inpatient sleep medicine consults,
226 (47% underwent sleep testing while hospitalized) and
259 (53%) had sleep testing after discharge. Patient character-
istics, comorbidities, type of sleep testing performed, SDB
diagnosis, and treatmentmodality recommendedare summarized
inTable 1. Themedian age of patientswas 68 years (interquartile
range = 57–78) and 29.6% were women. Multiple medical
comorbiditieswere frequentwith amedianCCI of 4 (IQR=2–6).
Sleepmedicine referralswere primarily requested frommedicine
(43.62%) and cardiology services (26.1%). Polysomnogramwas
the most common type of sleep study performed in both groups,
and OSA was the most common diagnosis (56%) followed by
sleep-related hypoxemia (16%). There were a variety of
discharge diagnoses (Table 2). The most common discharge
diagnoses in both groups were respiratory diseases (33.40%
inpatient group, 29.73% outpatient group, P < .001), followed
by heart failure (12.39% inpatient group, 26.64% outpatient
group, < 0.001). Respiratory diseases most commonly included
chronicobstructivepulmonarydiseaseexacerbation,pneumonia,
respiratory failure, pulmonary embolism, and obesity hypoven-
tilation syndrome.

TheAHIwas similar in both cohorts (inpatientAHI 29 events/
h [8–60], outpatient AHI 30 events/h [12–71.5], P = .097),
however the mean oxyhemoglobin saturation and central apnea
index were significantly different between both groups (90%
[87–93] vs 91% [88–93], P = .034); (0 [0–4] vs 0 [0–0.9], P ≤

.0001), respectively. Oxygen was prescribed more often in the
inpatient group (57.5% inpatient group, vs 42.5% outpatient
group, P < .001, Table 1).

Patients who had inpatient sleep studies had higher CCI
(median=4 [3–6] vs 3 [2–5], P < .004), acute stroke (13.72% vs
6.15%, P = .005), and neuromuscular disease (7.52% vs 3.08%,
P = .026) as a medical comorbidity. There was no difference on
basicdemographics, typeof insurance, anddistance inmiles from
patient home residence to the sleep laboratory between inpatient
and outpatient sleep testing group (P > .05). In the multivariable
analysis, a higher CCI (OR = 1.14, 95%CI:1.03–1.25, P < .001),

BMI (OR = 1.03, 95%CI:1.0–1.05, P = .008), and stroke as a
medical comorbidity (OR = 2.22, 95%CI:1–4.9, P < .049) were
strongly associated with the decision to perform inpatient
sleep testing. Covariates included in the model are detailed in
Table 3. We did not include the referral service and reason for
consult as these variables are specific to our institution and
may not be generalizable. The fit of the whole model was
significant (P < .001).

Outcomes
Ninety-eight percent of patients in whom the sleep study was
recommended as an outpatient kept the appointment for their
sleep study. The PAP follow-up rate at 90 days was significantly
lower in the inpatient cohort (39.90% inpatient group, 50.62%
outpatient group [P= .03]). Additionally, out of 123 patientswho
did not follow up in the inpatient sleep study group, 9 (7%)
patients had an active encounter atMayoClinicwithin 90 days of
discharge and 11 (9%) patients had an encounter at Mayo Clinic
within180daysofdischarge.Among the120patientswhodidnot
followup in the outpatient group, 12 (10%) patients had an active
encounterwithin 90 days post sleep study atMayoClinic and this
number did not increase at 180 days. Factors associated with
follow-up were assessed using univariate and multivariable
logistic analysis (Table S1 in the supplemental material and
Table 4). In the multivariable analysis (Table 4), inpatient sleep
testing remained significantly associatedwith decreasedodds for
follow up (OR=0.62, 95%CI: 0.40–0.9),P= .03), but severity of
OSAwas not. PAP adherence rates at follow-up visits were high
in both groups (88.9% inpatient group, 85.71% outpatient
group, P = .55). Rehospitalization rates did not differ between
inpatient or outpatient groups (26.42% vs 20.25%, P = .13) or
between PAP-adherent vs nonadherent groups (19.74% vs
30.43% P = .26)

The all-cause mortality rate in the inpatient group was higher
than in the outpatient group (43% vs 31%, P = .012). Without
adjustment, the inpatient group had about 2-fold highermortality
than the outpatient group (hazard ratio: 1.91, 95% confidence
interval [CI] 1.39–2.62, P < .001). The higher mortality during
follow-up interval remained elevated after adjustment for
covariates that included age, sex, race, BMI, oxygen therapy,
AHI, heart failure, stroke, CCI and follow-up (hazard ratio: 1.82
95%CI 1.28–2.59, P ≤ .001).

DISCUSSION

Our study was designed to examine our 10-year clinical
experience of hospital sleep medicine consultation to better
understand what patient factors determined the performance of
inpatient rather than outpatient sleep studies and evaluate
outcomes after discharge. From this analysiswe can draw several
important conclusions: 1) hospitalized patients with OSA and
other SDB diagnoses had multiple medical comorbidities; 2)
medically complex patients, higher BMI, increased age, and
stroke were strongly associated with the decision to perform
inpatient sleep testing; 4) those receiving inpatient sleep testing
were less likely to keep postdischarge follow-up plans, but PAP

C P Orbea, H Jenad, L L Kassab, et al. SDB in hospitalized patients and treatment outcomes

Journal of Clinical Sleep Medicine, Vol. 17, No. 12 2454 December 1, 2021

D
ow

nl
oa

de
d 

fr
om

 jc
sm

.a
as

m
.o

rg
 b

y 
K

ir
st

en
 T

ay
lo

r 
on

 D
ec

em
be

r 
2,

 2
02

1.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 N
o 

ot
he

r 
us

es
 w

ith
ou

t p
er

m
is

si
on

. 
C

op
yr

ig
ht

 2
02

1 
A

m
er

ic
an

 A
ca

de
m

y 
of

 S
le

ep
 M

ed
ic

in
e.

 A
ll 

ri
gh

ts
 r

es
er

ve
d.

 



Table 1—Comparison of baseline demographics, clinical variables and sleep characteristics of patients that underwent inpatient vs
outpatient sleep testing.

Total
(n = 485)

In-Patient Sleep Study
(n = 226)

Out-Patient Sleep Study
(n = 259) P*

Age, years, median (IQR) 68 (57-78) 69 (60-79) 67 (55-77) .08

Female, n (%) 144 (29.6) 73 (32.30) 71(27.31) .229

Race .232

Caucasian 470 (96.9) 220 (97.35) 250(96.53)

African American 4 (0.82) 3 (1.33) 1 (0.39)

American Indian 1 (0.20) 1 (0.44) 0 (0)

Asian 3 (0.62) 1 (0.44) 2 (0.7)

Hispanic 7 (1.44 1 (0.44) 6 (2.32)

Insurance .548

Private 210 (56.8) 109 (58.3) 101(55.12)

Government 160 (43.24 78 (41.71) 82(44.81)

Distance, miles (IQR)a 62 (29-169) 60(28-140) 64(30-189) .381

BMI kg/m2, median (IQR) 36.5 (30–46.9) 38 (30–50) 36 (30–45) .112

Charlson Comorbidity Index,
median (IQR)

4 (2–6) 4 (3–6) 3 (2–5) < .0004

Comorbidities, n (%)

Coronary artery disease 107 (22.1) 46 (20.35) 61(23.46) .408

Congestive heart failure 228 (46.91) 96(42.48) 132 (50.77) .067

Stroke 31 (13.72) 16 (6.15) .005

COPD 47 (9.67) 57 (25.22) 59 (22.69) .514

Diabetes mellitus 116 (23.87) 178(36.70) 90 (40) 88 (33.85) .168

Atrial fibrillation 158 (32.51) 69 (30.53) 89 (34.24) .385

Hypertension 296 (60.9) 147 (65.04 149 (57.31) .081

Restrictive lung disease 35 (7.2) 16 (7.08) 19 (7.31) .922

Pulmonary hypertension 80 (16.4) 32 (14.16) 48 (18.46) .202

Neuromuscular disease 25 (5.14) 17 (7.52) 8 (3.08) .026

Consulting service < .0001

Medicine 212 (43.62) 111 (49.12) 101 (38.85)

Cardiology 127 (26.13) 32 (14.16) 95 (36.54)

Medical intensive care
unit

39 (8.02) 22 (9.73) 17 (6.54

Respiratory care unit 55 (11.32) 39 (17.26) 16 (6.15)

Surgery 49 (10.08) 20 (8.85) 29 (11.15)

Surgical intensive care
unit

4 (0.82) 2 (0.88) 2 (0.77)

Reason for consult < .0001

Rule out OSA 278 (57.32) 109 (48.23) 169 (65.25)

PAP optimization 87(17.94) 32 (14.16) 55(21.24)

Bilevel qualification 87(17.94) 62 (27.43) 25(9.65)

Hypercapnic respiratory
failure

33 (6.80) 23 (10.18) 10(3.85)

Sleep study type < .0001

Diagnostic
polysomnogram

396 (81.69) 165 (73.01%) 231 (89.23)

Positive airway titration 46 (9.5) 26 (11.50) 20 (7.69)

Type III sleep study 37 (7.6) 30 (13.37) 7 (2.69)

(continued on following page)
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adherence did not differ by testing location; and 5) the inpatient
group had increasedmortality risk but a similar readmission rates
compared to the outpatient group. While our results pertain to a
single academic center’s experience and unique capabilities, our
findings raise important implications for hospital sleepmedicine
practices and inform considerations for inpatient or outpatient
sleep testing for SDB.

Thereisconsistentclinicalevidencesuggestingthat treatmentof
SDB in hospitalized patients improves patient outcomes. Despite
these data, inpatient sleep testing is not established standard care
and practices vary. Whereas outpatient sleep testing is well
established, testingduringacuteillnessseemstobeevolving.Inour
study we found that the majority of the patients (53%) who
underwent an outpatient sleep study had their study performed
shortly after discharge, but still a large number of patients were
testedwhile hospitalized (44%).One of the associated factorswith
inpatient sleep testing was a higher CCI score. In contrast to other
studies,24,25 the medical complexity of our patient populationwas
high. In a study performed in hospitalized older adults with risk of
OSA, the CCI score reportedwas 2.5Moreover, the cohorts of our
hospital sleep referrals hadhigher comorbidity thanourpreviously
evaluated outpatient sleep laboratory population (CCI 1.88).26 It
seems likely that our sample may be more representative of
hospitalized patientswithSDB in the contemporary era, therefore,

testing for SDB during hospitalization confers an opportunity to
have access to the necessary equipment, ie, bariatric medical
supplies, and skilled staff to provide the care that medically
complex patients require. Additionally, patients with increased
comorbidities also require more care coordination postdischarge,
such as set up of nursing home or home health services for extra
home monitoring or therapeutic interventions, increasing the
number of barriers to receive timely outpatient evaluation and
treatment for SDB consequently increasing the risk for deteriora-
tion. For example, in patients with stroke, whichwas also found to
beassociatedwiththe likelihoodofinpatientsleeptesting,earlyuse
of PAP therapy within a few days of stroke onset appears to
accelerate neurological recovery and reduce cardiovascular
events.27,28 Similarly in patients with acute chronic obstructive
pulmonary disease exacerbation and hypercapnia, noninvasive
positive pressure ventilation reduces readmissions and prolongs
time to death.29–31Moreover, PAP therapy in heart failure patients
during hospitalization confers reduction of readmission rates.32,33

We found an all-cause readmission rate of 20–26%, and these
results were not different amongpatientswhowere PAP adherent.
MayoClinic’s overall Center forMedicare andMedicaid Services
readmissionrateduringthesamestudyperiodwasnotsignificantly
different from the national readmission rate of 12.5% of Center
for Medicare and Medicaid Services patients.34 This suggests

Table 1—Comparison of baseline demographics, clinical variables and sleep characteristics of patients that underwent inpatient vs
outpatient sleep testing. (Continued )

Total
(n = 485)

In-Patient Sleep Study
(n = 226)

Out-Patient Sleep Study
(n = 259) P*

Peripheral arterial
tonometry test

6 (1.2) 5 (2.21) 1 (0.38)

Sleep study diagnosis .005

OSA 259 (53.43) 119 (52.91) 140 (53.88)

CSA 58(11.98) 17 (7.62) 41 (15.89)

Hypoventilation 73 (15.08) 45 (20.18) 28 (10.85)

Sleep-related hypoxemia 74 (15.29) 20 36 (16.14) 38 (14.73)

Primary snoring (4.13) 8 (3.16) 12 (4.65)

AHI events/h, median (IQR) 32 (12-68) 29 (8-60) 30 (12–71.5) .097

CAI events/h, median (IQR) 0 (0-2) 0 (0-0.9) 0 (0.38) < .0001

Mean sleep O2 saturation
(%), median (IQR)

90 (87-93) 90 (87-92) 91 (88-93) .034

Treatment modality
recommended

< .0001

Auto-CPAP 57 (13.26) 35 (17.33) 22 (9.65)

CPAP 127 (29.53) 43 (21.29) 84 (36.84)

Bilevel-S 141 (32.79) 77 (38.12) 64 (28.07)

Bilevel-ST 41 (9.53) 24 (11.88) 17 (7.46)

ASV 52 (12.09) 13 (6.44) 39 (17.11)

Positional Therapy 1 (0.23) 0 (0) 1 (0.44)

O2 therapy recommended 200 (41.2) 115 (57.50) 85 (42.50) < .0001

*The 2-sampleWilcoxon test was used to calculateP values for continuous variables. ThePearsonX2 test was used to calculateP values for categorical variables.
aDistance from patient’s residence to sleep clinic. AHI = apnea-hypopnea index, ASV = adaptive servo-ventilator, Bilevel ST = bilevel spontaneous timed mode,
Bilevel-S = bilevel spontaneous mode, BMI = body mass index, CAI = central apnea index, COPD = chronic obstructive pulmonary disease, CPAP = continuous
positive airway pressure, CSA = central sleep apnea, IQR = interquartile range, OSA = obstructive sleep apnea, PAP = positive airway pressure.
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once again that hospitalized patients with SDB are at higher risk
for poor postdischarge outcomes than the general population,
stressing the importance of interventions that target comorbidities
like SDB.

The inpatient group kept fewer PAP follow-up appointments
than the outpatient group. However, those who kept the PAP
follow-up appointment had similar high PAP adherence rates of
88–86%. This finding differs fromSharma et al32 who reported a

Table 2—Discharge diagnosis.

Discharge Diagnosis Total
(n = 485)

In-Patient Sleep Study
(n = 226)

Out-Patient Sleep Study
(n = 259) P

Respiratory diseases 162 (33.40) 85 (33.40) 77 (29.73) < .001

Heart failure 97 (20) 28 (12.39) 69 (26.64)

Nonheart failure
cardiovascular disease

60 (12.37) 16 (7.08) 44 (16.99)

Miscellaneousa 39 (8.04) 26 (11.50) 13 (5.02)

Infectious and parasitic
disorders

34 (7.01) 23 (10.18) 11 (4.25)

Diseases and disorders of
the digestive system

21 (4.33) 10 (4.42) 11 (4.25)

Nonneuromuscular diseases 27 (5.57) 17 (7.52) 10 (3.86)

Diseases and disorders of
the thorax

11 (2.27) 4 (1.77) 7 (2.70)

Diseases and disorders of
the MSK system

10 (2.06) 6 (2.65) 4 (1.54)

Neoplastic disorders 10 (2.06) 7 (3.10) 3 (1.16)

Diseases and disorders of
the kidney and urinary
tract

4 (0.82) 2 (0.88) 2 (0.77)

Neuromuscular disorders 4 (0.82) 1 (0.44) 3 (1.16)

Poisoning 2 (0.41) 1 (0.42) 1 (0.40)

Mental diseases and
disorders

1 (0.21) 0 (0.00) 1 (0.39)

aAlcohol intoxication, falls, trauma due to motor vehicle accident, adrenal insufficiency, bone marrow transplant. MSK = musculoskeletal.

Table 3—Multivariable analysis of predictors for in-patient sleep study.

Predictors Odds Ratio
(95% CI) P

Charlson Comorbidity Index 1.14 (1.04–1.25) .001

Age 1.02 (0.9–1.03) .08

Sex 0.97 (0.60–1.58) .91

BMI 1.03 (1.0–1.05) .008

Race 0.54 (0.10–2.83) .47

Heart Failure 0.66 (0.41–1.06) .08

Coronary Artery Disease 0.71 (0.40–1.26) .24

Hypertension 1.59 (0.99–2.57) .055

Stroke 2.22 (1–4.9) .049

Neuromuscular disease 2.12 (0.74–6.08) .16

Diabetes mellitus 0.72 (0.44–1.72) .19

Pulmonary hypertension 0.66 (0.36–1.21) .18

Restrictive lung disease 0.94 (0.40–2.23) .88

Atrial fibrillation 0.74 (0.44–1.24) .26

COPD 1.48 (0.87–2.51) .15

BMI = body mass index, CI = confidence interval, COPD = chronic obstructive pulmonary disease.

C P Orbea, H Jenad, L L Kassab, et al. SDB in hospitalized patients and treatment outcomes

Journal of Clinical Sleep Medicine, Vol. 17, No. 12 2457 December 1, 2021

D
ow

nl
oa

de
d 

fr
om

 jc
sm

.a
as

m
.o

rg
 b

y 
K

ir
st

en
 T

ay
lo

r 
on

 D
ec

em
be

r 
2,

 2
02

1.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 N
o 

ot
he

r 
us

es
 w

ith
ou

t p
er

m
is

si
on

. 
C

op
yr

ig
ht

 2
02

1 
A

m
er

ic
an

 A
ca

de
m

y 
of

 S
le

ep
 M

ed
ic

in
e.

 A
ll 

ri
gh

ts
 r

es
er

ve
d.

 



lower 3-month PAP adherence of 55% among 92 of 132 patients
with acute decompensated heart failure who were asked to
complete a postdischarge sleep study. In another study with
hospitalized cardiac patients with newly diagnosed OSA, only
45% were full PAP users at 90 days posthospital discharge.14

Similar lowfollow-up ratespostdischargehavebeenseen inother
studies.12,32,35 In our study, of those who did not follow-up from
the inpatient sleep testing group, only 11 patients had an active
encounter in Mayo Clinic within 180 days postdischarge. This
finding may suggest that some of these patients are more
generally nonadherent or that theymay have sought follow-up at
other facilities closer to home. However, the distance of the
patient’s residence to our medical center by 10-mile increment
was not associated with likelihood of follow-up, while inpatient
sleep testing and increased age were. We speculate that the
decreased PAP follow-up rate following inpatient study is due in
part to limited education and understanding regarding the
importance of SDB and PAP therapy on health outcomes for
the inpatient cohort. Chervin et al36 found that patients who
receivededucationonOSA,usedPAPtherapy1.5hoursmoreper
night than those receiving supportive phone calls. At our center,
the education for outpatients diagnosed with SDB is fairly
standardized and supported by video, printed, and verbal
information. This contrasts with the inpatient situation, where
we have not routinely employed use of these materials. This
suggests one avenue for improvement and the importance of
developing new care delivery models for this patient population.

We found that a high proportion of patients in whom we
recommended outpatient testing kept their sleep study appoint-
ments,whichmay in part result from the relatively high degree of
discharge planning and care coordination integrated into our
hospital practice.37 In our practice many of the sleep studies are
scheduled for the same night of discharge, especially for those
who live far away from our medical center, or when it seems
imperative to ensure ongoing treatment for SDB as soon as
possible. If the sleep study is scheduled for a later date, it is
generally scheduled within 2 weeks of discharge with detailed

instructions found in written discharge instructions.37 This
information is discussed with the patient, and the primary team
also reminds the patient of sleep medicine instructions right
before discharge. Similar findings were observed in a large
population of patients discharged following admission for heart
failure, where 94% of patients had documentation that an
outpatient follow-up was scheduled before hospital discharge.
Among these, 82% of the patients kept some follow-up appoint-
ment by 28 days.38

We chose to classify patients tested in our outpatient sleep
center as outpatients (27%), even if they were discharged earlier
that same day. It is reasonable to consider whether these patients
might bemore similar to the inpatient group. To evaluate that, we
compared clinical characteristic of both outpatient groups, those
who were tested on the night of discharge, and those tested on
subsequent nights. We found no significant differences between
these 2 outpatient groups in most regards (age, BMI, race,
insurance, AHI, coronary artery disease , heart failure, chronic
obstructive pulmonary disease, diabetes mellitus, atrial fibrilla-
tion, hypertension, interstitial lung disease, and pulmonary
hypertension). We did find that the CCI was similar between
these 2 outpatient groups, but lower than in the inpatient group.
Finally, regarding ourmain conclusion, the proportion of follow-
upvisits isverysimilarbetween the2outpatientgroups (sameday
outpatient 50.4%, other outpatients 50.8%)butmuch lower in the
inpatient group (39.9%).Webelieve that thedifference in follow-
up between the outpatient groups and the inpatient group likely
reflects differences in the readiness of the patient to learn and the
increasedemphasisoneducationandmotivational aspectsof care
rendered in the outpatient environment, but these hypotheses
must be tested in future studies.

Choosing to expedite an inpatient test was associated with
higher comorbidity, as evidenced by the increased CCI. Addi-
tional evidence that these patients were sicker is that the adjusted
mortality rate was higher in this cohort of patients. Interestingly
AHI, oxygen therapy, BMI, CCI, or follow-up were not
associated with increased risk for death. Further studies with

Table 4—Multivariable analysis of factors associated with follow-up.

Predictors Odds Ratio
(95% CI) P

Age 1.01 (1.00–1.03) .04

Sex 0.94 (0.59–1.51) .802

Distance by 10 miles increment 1.00 (0.99–1.00) .055

Charlson Comorbidity Index 1.00 (0.96–1.03) .942

BMI kg/m2 1.00 (0.98–1.02) .778

AHI events/h 1.00 (0.99–1.00) .939

SDB diagnosis

OSA vs CSA 1.89 (0.94–3.76) .071

OSA vs sleep related hypoxia 1.94 (1.04–3.62) .04

OSA vs hypoventilation 1.11 (0.59–2.08) .746

O2 therapy 0.97 (0.61–1.57) .928

Inpatient sleep testing 0.62 (0.40–0.90) .03

AHI = apnea-hypopnea index, BMI = body mass index, CI = confidence interval, CSA = central sleep apnea, SDB = sleep-disordered breathing.
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bigger sample size are needed to better understand the possible
causal pathway for increased death among this patient population
and investigate whether PAP adherence will change treatment
outcomes.Wewere not able to evaluate whether PAP adherence
influenced mortality because PAP adherence was unknow as a
result of the lack of follow-up in a large number of patients.

Our study has several limitations. Common to all retrospec-
tive, single-center studies, ours is susceptible to referral and
selection biases. The patient population at our midwestern
referral medical center has a high proportion of white Americans
and is not representative of national diversity or demographics.
Furthermore, practice patterns have evolved over many years
within a complex health care system, which may not resemble
those found elsewhere. As noted, it is possible that some of our
patients received follow-up and adherence evaluations at another
medical center. As an international referral center, it is not
uncommon to see that patients from distant regions follow-up
elsewhere after initiation of therapy. However, in our analysis,
distance from patient’s residence to the sleep laboratory was not
different between the 2 groups and was not associated with
follow-up. In addition, there is no a priori reason to believe that
patients keeping follow-up appointments elsewhere would
behave in different ways from those seeking follow-up in our
center. We lacked data regarding discharge to a skilled nursing
facility, which can be another potential barrier for follow-up.
However, we expanded our follow-up analysis to 180 days and
only 11 patients more had some type of interaction with Mayo
Clinic. Although remote compliance is now feasible through
modem connection, due to our study period, PAP adherence data
would not have been feasible to obtain in patientswho underwent
sleep testing more than 7 years ago.

This study also has several strengths. This is the first study to
look at treatment adherence postdischarge in hospitalized
patients tested for SDB while inpatient. Our results highlight
the importance developing interventions and new care models to
improve treatment adherence in patients who undergo sleep
testing for SDBduring hospitalization.Also, having both cohorts
(inpatient and outpatient) allowed for comparison of clinical
characteristics and treatment outcomes. We included patients
with a variety of medical comorbidities, which resembles a
typical sleep medicine consult service allowing us to be more
generalizable than single disease-focused studies, like those
aimed toward heart failure or stroke only.

In conclusion, hospitalized patients with SDB are a high-risk
patient population, with poor postdischarge outcomes, hence
inpatient sleep testingconfersa timelyopportunity to identifyand
treatmodifiable comorbidities suchasSDB.Even though follow-
up with sleep medicine after discharge is challenging, PAP
adherence might be optimal and similar regardless of the setting
of the sleep study when patients follow-up. Novel patient-
centered care delivery models are needed to improve treatment
adherencewhichmay result in improvement of health outcomes.

ABBREVIATIONS

AHI, apnea-hypopnea index
BMI, body mass index

CCI, Charlson Comorbidity Index
CI, confidence interval
OSA, obstructive sleep apnea
PAP, positive airway pressure
SDB, sleep-disordered breathing
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https://www.cms.gov/medicare-coverage-database/details/lcd-details.aspx?LCDId&hx003D;33718&hx0026;ver&hx003D;20&hx0026;TAId&hx003D;99&hx0026;NCDId&hx003D;330&hx0026;ncdver&hx003D;1&hx0026;SearchType&hx003D;Advanced&hx0026;CoverageSelection&hx003D;Both&hx0026;NCSelection&hx003D;NCA&hx0025;7CCAL&hx0025;7CNCD&hx0025;7CMEDCAC&hx0025;7CTA&hx0025;7CMCD&hx0026;ArticleType&hx003D;Ed&hx0025;7CKey&hx0025;7CSAD&hx0025;7CFAQ&hx0026;PolicyType&hx003D;Fi
https://www.cms.gov/medicare-coverage-database/details/lcd-details.aspx?LCDId&hx003D;33718&hx0026;ver&hx003D;20&hx0026;TAId&hx003D;99&hx0026;NCDId&hx003D;330&hx0026;ncdver&hx003D;1&hx0026;SearchType&hx003D;Advanced&hx0026;CoverageSelection&hx003D;Both&hx0026;NCSelection&hx003D;NCA&hx0025;7CCAL&hx0025;7CNCD&hx0025;7CMEDCAC&hx0025;7CTA&hx0025;7CMCD&hx0026;ArticleType&hx003D;Ed&hx0025;7CKey&hx0025;7CSAD&hx0025;7CFAQ&hx0026;PolicyType&hx003D;Fi
https://www.cms.gov/medicare-coverage-database/details/lcd-details.aspx?LCDId&hx003D;33718&hx0026;ver&hx003D;20&hx0026;TAId&hx003D;99&hx0026;NCDId&hx003D;330&hx0026;ncdver&hx003D;1&hx0026;SearchType&hx003D;Advanced&hx0026;CoverageSelection&hx003D;Both&hx0026;NCSelection&hx003D;NCA&hx0025;7CCAL&hx0025;7CNCD&hx0025;7CMEDCAC&hx0025;7CTA&hx0025;7CMCD&hx0026;ArticleType&hx003D;Ed&hx0025;7CKey&hx0025;7CSAD&hx0025;7CFAQ&hx0026;PolicyType&hx003D;Fi
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https://www.medicare.gov/care-compare/details/hospital/240010?city&hx003D;Rochester&hx0026;state&hx003D;MN&hx0026;zipcode&hx003D;
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