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Study Objectives: The aim of this study was to compare the risk of undiagnosed sleep disorders among medical patients with chronic obstructive pulmonary

disease (COPD) compared with those without COPD.

Methods: In a prospective cohort study, hospitalized medical ward patients without a known sleep disorder were screened, using validated questionnaires, for
sleep disorders, such as obstructive sleep apnea and insomnia. Daily sleep duration and efficiency in the hospital were measured via wrist actigraphy. Participants
were classified into two groups: those with a primary or secondary diagnosis of COPD and those without a history of COPD diagnosis. Sleep outcomes were

compared by COPD diagnosis.

Results: From March 2010 to July 2015, 572 patients completed questionnaires and underwent wrist actigraphy. On admission, patients with COPD had a
greater adjusted risk of obstructive sleep apnea (adjusted odds ratio 1.82, 95% confidence interval 1.12-2.96, P=.015) and clinically significantinsomnia (adjusted
odds ratio 2.07, 95% confidence interval 1.12-3.83, P=.021); no differences were observed for sleep quality or excess sleepiness on admission. After adjustment,
compared with patients without COPD, patients with COPD averaged 34 fewer minutes of nightly sleep (95% confidence interval 4.2-64.0 minutes, P=.026), as
well as 22.5% lower odds of normal sleep efficiency while in the hospital (95% confidence interval 3.3%-37.9%, P =.024). No statistically significant differences were

observed for in-hospital sleep quality, soundness, or ease of falling asleep.

Conclusions: Among hospitalized patients in medical wards, those with COPD have higher risk of OSA and insomnia and worse in-hospital sleep quality and

quantity compared with those without COPD.
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BRIEF SUMMARY

population can better inform the health care of these patients.

Current Knowledge/Study Rationale: Sleep complaints are highly prevalent in patients with chronic obstructive pulmonary disease (COPD). To date, no
study has characterized the risk of undiagnosed sleep disorders in hospitalized patients with COPD.

Study Impact: Among hospitalized medical patients, those with COPD have a higher risk of obstructive sleep apnea and insomnia and shorter duration of
sleep per night during hospitalization compared with those without COPD. Understanding the prevalence of sleep complaints in the hospitalized COPD

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) affects more
than 24 million adults in the United States and is the third
leading cause of morbidity and mortality in the United States.'-*
It results in significant costs to the health care system, partic-
ularly emergency department visits and hospitalizations.??
COPD readmissions are a target for Medicare penalties, and
many disease management programs targeting hospitalized
COPD patients have been introduced as a result.*~

One underrecognized but known risk for acute COPD exacer-
bations is poor baseline sleep quality.® Higher baseline poor sleep
symptoms, as assessed by the Pittsburgh Sleep Quality Index,
are related to subsequent symptom-based exacerbations over an
18-month follow-up period.® In addition to poor sleep, a common
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unrecognized factor that can exacerbate COPD is concomitant
obstructive sleep apnea (OSA). OSA is a common sleep disorder,
affecting approximately one in four adults, and up to 90% of patients
with OSA remain undiagnosed.”'° The term overlap syndrome
refers to COPD and OSA in the same patient. These patients have
more frequent nocturnal oxygen desaturations, hypoxemia, hy-
percapnia, and dysrhythmias than those without combined COPD
and OSA.'"'? Importantly, patients with overlap syndrome have
higher rates of comorbidities and mortality and lower daily
vitality than those with COPD alone.'"-'*!4

Recognizing overlap syndrome in hospitalized COPD patients
may be especially important to helping improve their symptoms and
reduce readmissions. In fact, hospitalization has been described as a
missed opportunity to address sleep disorders attributable to the high
prevalence of undiagnosed sleep disorders in this population.
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A recent study of hospitalized general medical patients showed
that 40% are at high risk of OSA and had worse in-hospital sleep
quantity and quality.'® Despite growing evidence linking sleep
disturbances in patients with COPD and outcomes, no studies
have yet characterized the risk of underlying sleep disorders,
shorter sleep duration, or worse sleep quality among hospi-
talized patients with COPD. The aim of this study was to
compare the risk of undiagnosed sleep disorders and in-hospital
sleep duration and sleep efficiency among medical inpatients
with COPD compared with those without COPD.

METHODS

Study design

We enrolled patients from an ongoing prospective study of in-
hospital sleep in general medicine inpatients at the University of
Chicago Medical Center.'>'® Eligible patients included those
admitted to general medicine wards who were community-
dwelling adults aged > 50 years and cognitively intact (as de-
fined by the Short Portable Mental Status Questionnaire).'
Excluded patients had known sleep disorders (by self-report
or chart review), were in respiratory isolation, had been transferred
from the intensive care unit (ICU), were already 72 hours into
hospitalization before eligibility screening, or had been readmitted
within 2 weeks. Patients were also excluded if they were immobile,
on bed rest, or unable to use wrist actigraphy accurately or safely.
These exclusion criteria were used to define a sample of patients
without known sleep disorders and whose actigraphy data could be
interpreted. Using the International Classification of Diseases 9th
Revision coding (codes 490—496), we defined two groups: those
with COPD as a primary or secondary diagnosis and those
without a history of COPD. The University of Chicago Insti-
tutional Review Board approved this study, and written consent
was obtained from all participants.

Data collection

Risk of sleep disorders

The risk of undiagnosed sleep disorders was measured during
initial patient interview with a trained research assistant using
the Berlin Questionnaire, which includes 11 items specific to
snoring, fatigue, and high blood pressure.'” The Berlin Ques-
tionnaire, considered the most accurate screening question-
naire to predict diagnosis of OSA,'®'? has been shown to have
validity evidence with polysomnography in a variety of patient
populations.?® Risk of OSA using the Berlin score is determined
through three categories with 11 total questions; high risk is
demonstrated when two or more categories have a (+) score.
Risk of insomnia was measured during the initial patient in-
terview using the Insomnia Severity Index (ISI), which grades
insomnia as mild, moderate, or severe through seven questions
with responses on a 0 to 4 scale, with a total score of 0 to 28 (<8
is no clinical insomnia) and has been previously validated.?!
Excessive daytime sleepiness was measured on intake using
the Epworth Sleepiness Scale), which includes responses on
an additive scale never (0) to high (3) to create total score. A
score of > 9 is indicative of excessive sleepiness.*
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Self-reported sleep quality in hospital and before hospitalization

Patient-reported daily sleep quality at night during the hospitali-
zation was assessed using the Karolinska Sleep Diary, which in-
cludes questions regarding quality, ease, and soundness of sleep the
previous night, including number of awakenings.* Self-reported
sleep quality throughout the month before hospital admission was
measured on intake using the Pittsburgh Sleep Quality Index.*

Objective sleep duration and efficiency

Enrolled study patients wore a wrist activity monitor (Actiwatch 2;
Respironics Inc., Murrysville, Pennsylvania) to collect objective
sleep-wake activity data, which have been validated to calculate
sleep duration and efficiency in field and workplace studies.>>>*
Through actigraphy, sleep duration (in minutes) and sleep efficiency
(100 x [minutes of actual sleep/sleep onset-sleep offset]) can be
estimated. Sleep onset and offset can also be determined via self-
report. Consented patients wore wrist actigraphy initiated on the
day of enrollment until the day of hospital discharge. Data were
downloaded and analyzed using Actiware 5 (Respironics, Inc.). To
confirm the accuracy of sleep interval, nightly sleep onset and
awakening were based on patient report logged in the Karolinska
Sleep Diary. Sleep duration was determined by total time spent
asleep during the sleep interval, and sleep efficiency was defined
as the percentage of time spent asleep during the sleep interval.

Demographics, health status, disease severity, and
patient outcomes

Demographic information, including age, race, ethnicity, and
biologic sex, was collected. Diagnoses, health status variables,
and number of hospitalizations and rehospitalizations were also
collected using International Classification of Diseases-9 coding.
These data were obtained from inpatient interviews, chart re-
views, and administrative data collected as part of an ongoing
study of admitted general medicine patients to the University of
Chicago Medical Center.'®?’

Data analysis

Study data were collected and managed using REDCap (Research
Electronic Data Capture) hosted at The University of Chicago.*®*’
Patient demographic and disease severity variables were merged
with the ongoing data set within the REDCap database.

Given skewed data distributions, continuous variables are
presented as median and interquartile range (IQR). Categorical
variables are presented as frequency and percentage. Multivariable
logistic regression models were used to compare the odds of
potential underlying sleep disorder (measured by Berlin and ISI),
excessive daytime sleepiness (Epworth Sleepiness Scale) and poor
self-reported sleep quality (measured by the Pittsburgh Sleep
Quality Index) between groups. Nightly sleep duration obtained
from actigraphy was analyzed using a linear mixed-effects model
to account for repeated measurement of patients during their
hospital stay. Model assumptions were evaluated using histo-
grams, Q-Q plots, and scatterplots of random effects residuals.
Sleep efficiency could range from 0% to 100%.

These percentages were converted to a proportion and estimated
using a mixed-effects beta model. Given that this model used the
logit link, it compared the odds of normal sleep efficiency between
groups. Nightly sleep quality, ease of falling asleep, and sleep
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Table 1—Baseline demographic and clinical characteristics.

thtr«al:cso;;))rt (ncg I1:|3)1) ?: ¢ ?ﬁ? P Value
Age (y) 62 (56-73) 61 (55-71] 63 (57-74) 027
BMI (kg/m?) 26 (22-32) 26 (22-31] 26 (22-32) 1
Length of stay (days) 4 (3-6) 4 (2-6] 4 (3-6) .343
Wrist actigraphy (days) 1(1-2) 1(1-2] 1(1-2) .181
Biological sex
Male 258 (45.1) 52 (39.7) 206 (46.7) 156
Female 314 (54.9) 79 (60.3 235 (53.3)
Race
White 124 (22.1) 22 (17.1) 102 (23.7)
African American 415 (74.1) 105 (81.4) 310 (71.9) .070
Other 21 (3.8) 2(1.6) 19 (4.4)
Comorbidities
Prior hospitalization 174 (39.7) 33 (32.4) 141 (42.0) .082
CHF 79 (13.8) 29 (22.1) 50 (11.4) .002
ESRD 64 (11.2) 11 (8.4) 53 (12.1) 242
Diabetes 162 (28.3) 41 (31.3) 121 (27.4) .389
Charlson Comorbidity Index
0 131 (28.5) 16 (15.7) 115 (32.1)
1 103 (22.4) 39 (38.2) 64 (17.9)
2 72 (15.7) 22 (21.6) 50 (14.0) <.001
3 86 (18.7) 13 (12.8) 73 (20.4)
24 68 (14.8) 12 (11.8) 56 (15.6)
Oxygen requirement
Present on admission 12 (2.1) 2 (1.5) 10 (2.3) 1.000
Within first 24 h 176 (31.4) 63 (48.8) 113 (26.2) <.001
No need w/in 24 h 157 (89.2) 56 (88.9) 101 (89.4) .920
>4% Desaturation 367 (64.4) 86 (65.7) 281 (64.0) 731

Data are presented as median [interquartile ratio, IQR] or frequency (%).

BMI = body mass index, CHF = congestive heart failure, COPD = chronic obstructive pulmonary disease, ESRD = end stage renal disease.

soundness (measured by the Karolinska Sleep Diary) were
evaluated using a mixed-effects proportional-odds model with
a cumulative logit link and multinomial conditional response
distribution. The tenability of the proportional odds assumption
was evaluated using the Score test. For all mixed-effects models,
the need for additional random slopes was tested using the
likelihood ratio test. All statistical analyses were conducted
using SAS version 9.4 (SAS Institute, Cary, North Carolina),
with P < .05 used to indicate statistical significance.

RESULTS

From March 2010 to July 2015, 572 individuals at a single center
completed questionnaires and had corresponding wrist actigraphy
data. Ofthese, 131(22.9%) had a COPD diagnosis. Thirty-five
patients had an admitting diagnosis of COPD, the remaining
96 patients a history of COPD. Median age was 62 years (IQR:
56-73 years), and median length of stay across groups was 4 days

Journal of Clinical Sleep Medicine, Vol. 16, No. 10

(IQR: 3-6 days). Compared with patients without COPD,
patients with COPD were slightly younger and were more likely
to be African American, to have congestive heart failure, and
require oxygen within the first 24 hours of admission (Table 1).
Patients with COPD had a greater unadjusted risk of OSA
via Berlin and rate of clinically significant insomnia via ISI
(Figure 1). Associations remained statistically significant after
adjustment for covariates (adjusted odds ratio [aOR] 1.82, 95%
confidence interval [CI] 1.12-2.96, P=.015,a0R 2.15,95% CI
1.23-3.75, P = .007). No statistically significant unadjusted
differences were observed when comparing self-reported sleep
quality via the Pittsburgh Sleep Quality Index (P = .482) or
excessive daytime sleepiness via Epworth (P =.927) in patients
with or without COPD (Figure 1). These results remained after
adjustment for covariates (aOR .92, 95% CI .52-1.62, P=.767
and aOR .90, 95% CI .52—1.58, P = .724, respectively).
Patients at high risk for sleep apnea, determined by Berlin, av-
eraged 17.1% longer length of stay compared with low-risk patients
(5.0 days vs 4.3 days, 95% CI: 0.8-36.0%, P =.039). Patients with
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Figure 1—Questionnaire evaluation of sleep disorders.
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Error bars represent confidence intervals. %COPD vs % no COPD:
Berlin (51.9% vs 37.9%, P =.005); Insomnia Severity Index (34.9%
vs 19.5%, P =.001); Pittsburgh Sleep Quality Index (33.0% vs 36.8%,
P=.482); Epworth (33.3% vs 33.8%, P=.927). COPD = chronic obstructive
pulmonary disease.

clinical insomnia, determined by ISI, averaged 13.5% longer length
of stay compared with patients with nonclinical insomnia (5.0 days
vs 4.4 days, 95% CI: 6.8% shorter to 38.3% longer, P =.207). The
interaction with COPD was not statistically significant; inter-
action P = .414 for Berlin, and interaction P = .531 for ISI.

Using wrist actigraphy obtained from 825 nights from indi-
viduals, median sleep duration was 316 minutes (IQR 193-393)
for patients with COPD compared with 325 minutes (IQR 237—
416) for patients without COPD (P = .044). An unconditional
(ie, no predictor) linear mixed-effects model indicated approxi-
mately 33% of variability in sleep time was available to predict via
between-patient covariates (eg, COPD, age, sex). A fixed linear
effect oftime indicated patients averaged an 8.7-minute decrease in
sleep each day in hospital (95% CI 0.7-16.6 minutes, P = .033)
irrespective of COPD. No between-patient differences for this
decrease were indicated given nonsignificant random linear
slope variance (—2ALL [df=2]=2.3, P=.317). After adjusting
for covariates (age, sex, race, body mass index [BMI], prior hos-
pitalization, congestive heart failure [CHF], end-stage renal disease
[ESRD], and diabetes mellitus), patients with COPD averaged
34.1 fewer minutes of sleep compared with patients without COPD
(95% CI 4.2-64.0 minutes, P =.026) (Table 2). Normality and
homoscedasticity of residuals were tenable for this final model.

Median sleep efficiency was 71.8% (IQR 54.6%—84.3%) for
patients with COPD compared with 76.6% (IQR 62.8%—86.2%)
for patients without COPD (P = .012). We found no statisti-
cally significant change in sleep efficiency across days (OR
0.98, 95% CI 0.93—1.04, P = 0.488) irrespective of COPD; a
random linear time slope could not be estimated. This result
indicated that the sleep efficiency of patients fluctuated across
days, an absence of systematic or random change. After con-
trolling for age, sex, race, BMI, prior hospitalizations, CHF, and
ESRD, patients with COPD had a 22.5% lower odds of normal
sleep efficiency relative to patients without COPD (95% CI
3.3%-37.9%, P = .024) (Table 3).

Finally, using the Karolinska Sleep Quality Index, after
adjusting for covariates, no statistically significant differences
between patients were found for self-reported sleep quality
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(aOR 0.92,95% CI1 0.63-1.34, P=.660), sleep soundness (aOR
1.04, 95% CI.70-.56, P = .840), or ease of falling asleep (aOR
0.91, 95% CI 0.59-1.40, P = .679).

DISCUSSION

In this prospective observational study, we demonstrated,
among patients hospitalized in medical wards in a tertiary urban
medical center, that those with a diagnosis of COPD have higher
odds of being screened as being at high risk for OSA and
clinically significant insomnia and experience worse in-hospital
sleep quantity and quality as measured by wrist actigraphy
compared with those without COPD. Specifically, patients with
COPD averaged more than half an hour less sleep per night
during hospitalization than their counterparts without COPD,
irrespective of underlying comorbidities. Although no clini-
cally significant difference in sleep efficiency between patients
with and without COPD was noted (71.8% vs 76.6%, respec-
tively), patients with COPD had 22.5% lower odds of normal
sleep efficiency while in the hospital (95% CI13.3%—-37.9%, P=
.024). Aside from sex and age, no other covariates were sig-
nificantly associated with sleep time (Table 2). All patients,
regardless of comorbidities, averaged more than 8 minutes less
sleep each night with each consecutive day in the hospital.
No statistically significant differences were observed for in-
hospital sleep quality, soundness, or ease of falling asleep.

In this study, we also demonstrated the feasibility of screening
for risk of sleep disorders during hospitalization using previously
validated tools. Our results suggest that the prevalence of OSA in
COPD patients may be > 1.5 times the estimated prevalence of
OSA within the general adult population.® It is important to keep
in mind that these patients underwent interviews to assess risk,
not in-laboratory polysomnography, the gold standard for OSA
diagnosis. This higher in-hospital prevalence may be explained
by the association between OSA and other acute medical di-
agnoses associated with receiving hospital care.*® It is possible
the association between screening high risk for OSA with a
COPD diagnosis suggests that the “overlap syndrome” is a
contributing factor. In addition to OSA, we observed an as-
sociation between screening high risk of insomnia and COPD
among hospitalized patients. This finding is concerning because
increased risk of insomnia also places patients at increased risk
for other deleterious medical conditions, including myocardial
infarction and obesity.*'*? It is also possible the higher risk of
insomnia emanating from poorly controlled symptom man-
agement of COPD is interfering with sleep. We also demon-
strated that patients screening at higher risk for OSA via Berlin
spent nearly 1 day more in hospital than those screening at high
risk for insomnia via ISI. Although not statistically significant,
1 day more of hospitalization carries increased costs and clinical
significance. Because of their known high risk for readmission,
hospitalization is a missed opportunity to screen COPD patients
for sleep disorders. Future work to elucidate whether formally
diagnosing and treating underlying sleep disorders in hospi-
talized COPD patients can improve their health is warranted.

The lower than normal sleep efficiency and duration we
observed in hospitalized patients with COPD may have various
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Table 2—Actigraphy sleep time linear mixed-effects model results.

Coefficient (min) SE 95% Cl for Coefficient P Value
Lower Upper

COPD vs no COPD -34.13 15.20 -64.04 -4.22 .026
Linear time (0 = baseline) -9.30 4.05 -17.27 -1.34 022
Age 1.68 64 | 2.94 010
Male vs female 27.81 13.31 1.62 54.00 .038
Race

White vs other 35.51 37.62 -38.53 109.56 346

Black vs other 28.72 36.07 -42.27 99.71 427

White vs Black 6.79 15.71 -24.13 37.71 .666
BMI 19 0.45 -1.08 .70 677
Prior hospitalization -7.29 14.63 -36.08 21.50 619
CHF 297 19.11 -34.64 40.58 877
ESRD 5.71 21.60 -36.81 48.22 792
Diabetes -10.52 14.77 -39.59 18.56 AT7
Intercept 204.88 47.67 — — —

BMI = body mass index, CHF = congestive heart failure, Cl, confidence interval, COPD = chronic obstructive pulmonary disease, ESRD = end-stage renal

disease, SE, standard error.

Random intercept variance = 7,033.99, SE = 1,309.63. Residual variance = 13,274, SE = 1,085.71. The reference category for the fixed effect of any categorical
predictor is identified following the “vs” For example, the patients with a COPD diagnosis averaged 34.13 fewer minutes of sleep per night compared with

patients with no COPD diagnosis. Linear time 0 equals first study day.

Table 3—Sleep efficiency mixed-effects beta model results.

Coefficient SE OR 95% CI for OR P Value
Lower Upper

COPD vs no COPD -.25 1 .78 62 97 .024
Linear time (0 = baseline) -.03 .03 97 .92 1.03 347
Age .01 .00 1.01 1.00 1.02 .009
Male vs female 21 10 1.23 1.01 1.49 .037
Race

White vs other .30 28 1.35 .78 2.33 282

Black vs other 23 27 1.26 75 212 .390

White vs Black .07 12 1.07 85 1.35 552
BMI .00 .00 1.00 1.00 1.01 473
Prior hospitalization .09 1 1.10 .88 1.36 405
CHF -.05 14 95 12 1.26 742
ESRD A7 .16 1.19 .36 1.64 291
Diabetes -.02 1 98 .79 1.22 0.881
Intercept -17 .36 — — — —

COPD = chronic obstructive pulmonary disease. BMI = body mass index. CHF = congestive heart failure, Cl, confidence interval, ESRD = end stage renal

disease, OR, odds ratio, SE, standard error.

Random intercept variance = 0.44, SE = 0.07. Scale = 6.84, SE = 0.62. Sleep efficiency was modeled as a proportion with 0 = no sleep efficiency and 1 =
perfect sleep efficiency. In a beta model, we are predicting the probability of the outcome coded 1 (ie, perfect sleep efficiency); fixed effects are interpreted
similarly to logistic regression. The reference category for the fixed effect for any categorical predictor is identified following the “vs” For example, the odds
of reporting normal sleep efficiency were 22% lower for patients with a COPD diagnosis relative to those with no COPD diagnosis (ie, [1-0.78]*100).

causes and may relate to the altered physiology of breathing during
sleep, or it could be associated with known causes of poor sleep in
hospitalized patients.>® Although increased risk and a sleep dif-
ference of approximately 30 minutes in patients with COPD may
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seem small, they have potential clinical implications and could
impact patient outcomes.® Poor sleep in the hospital setting has also
been associated with poor hospital outcomes, such as delirium and
hyperglycemia.***> Our results are in concert with prior studies
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assessing sleep in hospitalized patients, which have primarily
reported on nighttime hospital disruptions and sleep environment
in the ICU.*>*3¢ Alarm fatigue, activities of patient care, and
patient pain levels during hospitalization have all been shown to
impact inpatient sleep.*-” Future work to understand whether
improving the sleep environment for COPD patients can im-
prove their hospital stay and underlying illness(s) is merited.
Our study also has implications for screening and educating
COPD patients on sleep disorders during the hospitalization
period. For example, an analysis of patients with COPD from
the Long-Term Oxygen Treatment cohort found a greater risk
of undiagnosed OSA to be associated with poor outcomes.*®
Interestingly, prior studies have demonstrated a multifacto-
rial approach to reducing readmission rates within the COPD
population, including increasing patient education, involving a
multidisciplinary team, and noninvasive ventilation in appro-
priate patients.**** During the post-hospital period, patients are
most vulnerable and at greatest risk for readmission.** Because
COPD patients are often rehospitalized for clinical conditions
other than COPD, poor sleep has been suggested as an un-
derlying contributor to this “post-hospital syndrome.”** Given
the great interest by various stakeholders on reducing read-
mission for COPD exacerbations to control costs and improve
health, it is important to test whether sleep-based interventions
as part of a multifactorial approach can reduce readmissions.
This study has several limitations. Owing to its observational
nature, we cannot address direction of causality. This was a single
institution study, representing English-speaking patients admitted
to a general medicine ward, which limits the ability to generalize
findings. Unlike the gold standard for OSA diagnosis (ie, poly-
somnography), actigraphy is unable to assess sleep architecture;
however, it can provide more robust information on sleep duration
across multiple days. Under- and over-diagnosis of COPD remains
a challenge in health services research, particularly if International
Classification of Diseases coding instead of spirometry is used, as
in our study.*>** Many COPD patients are initially admitted to the
ICU, and this study excluded ICU patients and ICU transfers.
Because we excluded the sickest of the COPD patients, this study
may in fact underestimate risk of sleep disorders in patients with
COPD. Because only 6% of study patients were admitted for
COPD exacerbation, steroid effect on sleep was not evaluated.
Several challenges exist with these data. The data include survey
data, which are self-reported, and therefore subject to response
and social desirability biases; however, we used validated ques-
tionnaires. Temporal issues such as recall bias are of concern owing
to the question of accurate recall of details of sleep quality a month
before hospital admission. Administrative data can also present
potential coding discrepancies and questions of accuracy and
validity of diagnoses.*” Furthermore, it should be noted that
overdiagnosis of COPD in hospitalized patients could occur in up to
a third of patients diagnosed with COPD, based on confirmatory
spirometry testing.*® Daytime hypercapnia was not evaluated in
these patients. Confounding was considered during analysis. In
controlling for comorbid conditions, we attempted to control for
demographics and severity of illness. The possibility of omitted
confounders is a consideration. Goodness-of-fit of the model
was tested with intake survey data and actigraphy, but not with
the Karolinska questionnaire owing to ordinal nature of the data.
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This study is the first to compare the risk of undiagnosed sleep
disorders among medical inpatients with COPD and report on
in-hospital self-reported and objective sleep of patients with
COPD. Hospitalized patients with COPD are at higher risk than
patients without COPD for underlying sleep disorders, such as
insomnia and OSA. Hospitalized COPD patients also obtain
more than 30 minutes less sleep per night compared with other
hospitalized patients. Given the known association between
sleep disorders and COPD, as well as the potential contributor of
sleep loss to risk of readmission, future work to diagnose and
treat underlying sleep disorders for these patients is warranted.

ABBREVIATIONS

aOR, adjusted odds ratio

BMI, body mass index

CHF, congestive heart failure

CI, confidence interval

COPD, chronic obstructive pulmonary disease
ESRD, end-stage renal disease

ICU, intensive care unit//

IQR, interquartile range

ISI, Insomnia Severity Index

OSA, obstructive sleep apnea
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