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Abstract

Rationale: Sleep disturbance frequently affects patients with
chronic obstructive pulmonary disease (COPD), and is associated
with reduced quality of life and poorer outcomes. Data indicate that
smokers with preserved pulmonary function have clinical symptoms
similar to those meeting spirometric criteria for COPD, but little
is known about the driving factors for sleep disturbance in this
population of emerging interest.

Objectives: To compare the magnitude and correlates of sleep
disturbance between smokers with preserved pulmonary function
and those with airflow obstruction.

Methods: Using cross-sectional data from the COPD Outcomes-
Based Network for Clinical Effectiveness and Research Translation
multicenter registry, we identified participants clinically identified as
havingCOPDwith a smokinghistory of at least 20pack-years and either
preserved pulmonary function or airflow obstruction. We quantified
sleep disturbance by T-score measured in the sleep disturbance domain
of the Patient-Reported Outcomes Information System questionnaire,
and defined a minimum important difference as a T-score difference of
twopoints.Weperformedunivariate andmultivariable linear regression
to evaluate correlates within each group.

Results:We identified 100 smokers with preserved
pulmonary function and 476 with airflow obstruction. The
sleep disturbance T-score was 4.1 points greater among
individuals with preserved pulmonary function (95% confidence
interval [CI], 2.0–6.3). In adjusted analyses, depression symptom
T-score was associated with sleep disturbance in both groups
(airflow obstruction: b, 0.61 points; 95% CI, 0.27–0.94; preserved
pulmonary function: b, 0.25 points; 95% CI, 0.12–0.38). Of
note, lower percent predicted FEV1 was associated with
greater sleep disturbance among those with preserved pulmonary
function (b, –0.19 points; 95% CI, –0.31 to –0.07), whereas
higher FEV1 was associated with greater sleep disturbance
among individuals with airflow obstruction (b, 0.06 points; 95%
CI, 0.01–0.10).

Conclusions:Among smokers with clinically identified COPD, the
severity of sleep disturbance is greater among those with preserved
pulmonary function compared with those with airflow obstruction.
Nonrespiratory symptoms, such as depression, were associated
with sleep disturbance in both groups, whereas the relationship
of sleep disturbance with FEV1 differed.
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Among patients with chronic obstructive
pulmonary disease (COPD), sleep
disturbance leads to significant reductions in
health-related quality of life (1) and has
been linked with greater frequency of
COPD exacerbations and increased
mortality (2, 3). The etiology of significant
overlap between sleep disturbance and
COPD is unclear, and there are likely to be
bidirectional interactions between sleep
quality and COPD severity and outcomes
(4). An understanding of the contributing
factors is necessary to expand
understanding and to devise effective
therapies. Sleep disturbance in patients with
COPD has been linked with daytime
hypoxemia, overall symptom burden, and
comorbidities including depression and
anxiety disorders with severity of airflow
obstruction associated in some, but not all,
studies (1, 2, 5–7).

Our current knowledge of sleep
disturbance in COPD arises from patients
with airflow obstruction on spirometry,
whereas clinically diagnosed COPD also
includes individuals with preserved
pulmonary function (8). Although many
individuals with clinically diagnosed COPD
without airflow obstruction are
misclassified, evidence from the
SPIROMICS (Subpopulations and
Intermediate Outcome Measures in
COPD Study) cohort indicates that
symptomatic smokers with preserved
pulmonary function on spirometry have
respiratory exacerbations, limited activity,
poor sleep quality, and radiographic
evidence of airway disease (9, 10). In light
of the adverse effects that sleep disturbance
has on quality of life, it is important that we
understand the burden of sleep disturbance
and its impact in this population of
emerging interest.

To address sleep disturbance in COPD,
we made use of data from the COPD
Outcomes-Based Network for Clinical
Effectiveness and Research Translation
(CONCERT) that include detailed
information regarding individuals with
clinically diagnosed COPD, including those
with airflow obstruction on spirometry and
those without obstruction. The primary aim
of the current investigation was to compare,
among individuals with a significant
smoking history, the relative magnitude of
sleep disturbance symptoms in participants
with preserved pulmonary function
compared with those with airflow
obstruction. The secondary aim of this

investigation was to evaluate correlates of
sleep disturbance separately among
individuals with preserved pulmonary
function and those with airflow obstruction.
Our overall hypotheses were that sleep
disturbance would be greater among
participants with airflow obstruction, and
that correlations with sleep disturbance in
both groups would be observed with
respiratory symptoms and objective
respiratory pathology (e.g., hypoxemia and
severity of obstruction).

Methods

We performed this cross-sectional study
with data from the multicenter CONCERT
study (8, 11, 12). Briefly, CONCERT used
electronic health data to identify
participants with COPD from seven major
health care systems throughout the United
States. CONCERT included individuals if
there was evidence of COPD from clinical
data including diagnostic International
Classification of Diseases, 9th revision (ICD-9)
codes for COPD, prescription of inhaled
bronchodilators and corticosteroids, or
spirometry consistent with obstruction.
Among those with evidence of COPD, a
sample was invited to complete in-person
evaluations that involved spirometry,
ascertainment of medical history, COPD
symptoms, and quality of life. We included
individuals with a greater than 20–pack-
year history of smoking and a self-reported
physician diagnosis of COPD or ICD-9
billing diagnosis of COPD. We defined
airflow obstruction as a postbronchodilator
FEV1/FVC ratio less than 0.7 (13). We
defined preserved pulmonary function as
the absence of obstruction (FEV1/FVC
ratio> 0.7) and an FEV1 greater than 80%
predicted.

We used the sleep disturbance domain
(consisting of six items) of the Patient-
Reported Outcomes Information System
(PROMIS) questionnaire, short form
version 43, as our primary outcome
measure. The PROMIS questionnaire
(14, 15) is composed of items assessing
seven domains including sleep disturbance,
anxiety, depression, and pain interference.
Each domain is scored and transformed
into a standardized T-score, where a score
of 50 identifies the U.S. population mean
with a standard deviation of 10. Although
clinical cut points for sleep disturbance
have not been established, we define a

minimum important difference (MID) of
0.2 SD, or a T-score of difference of 2, as
has been used previously (16). When
exploring these symptoms as binary
variables, we used a cutoff T-score of 2, or a
minimally important difference above the
population mean. Higher scores represent a
higher degree of symptoms related to that
domain (e.g., a higher score in the sleep
disturbance domain relates to a greater
degree of sleep disturbance symptoms) (15).
The sleep disturbance domain of PROMIS
has excellent agreement with the commonly
used Pittsburgh Sleep Quality Instrument (6,
17, 18), and consists of six questions that
assess participants’ ratings of overall sleep
quality, difficulty falling asleep, and the
degree to which sleep was restful and
refreshing. The PROMIS instrument is
available at www.healthmeasures.net.

We used the Functional Assessment of
Chronic Illness Therapy (FACIT) 10-item
instrument to quantify dyspnea (19). All
comorbidities are participant-reported
physician diagnoses. For those with self-
reported, physician-diagnosed sleep apnea,
participants were asked about their usage of
positive airway pressure (referred to
collectively as continuous positive airway
pressure [CPAP]). We defined medications,
and oxygen/noninvasive positive pressure
ventilation use according to participant
report, and used the 6-minute walk test to
measure oxygenation (20).

Statistical Analysis
To explore the proportion of participants in
each group with a substantial burden of
respiratory and nonrespiratory symptoms of
interest, we compared self-reported
respiratory and nonrespiratory symptoms
between participants with preserved
pulmonary function and those with airflow
obstruction, using x2 tests. In the event of
continuously measured symptoms (e.g.,
PROMIS T-scores), the population mean
T-score of 50 plus the minimum important
difference of 2 (T-score of 52) was used as
the cutoff. We constructed multivariate
linear regression models to explore
associations for PROMIS sleep disturbance
T-score in participants with airflow
obstruction and in participants with
preserved pulmonary function. Our
multivariate models stratified by group
status included candidate variables
hypothesized to explain variability in sleep
disturbance (21). Specifically, we used the
following: age, sex, race, education, sleep
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apnea, untreated sleep apnea, hypoxia
(oxygen saturation as measured by pulse
oximetry, 88%), hypoxia without oxygen
therapy, cough, paroxysmal nocturnal
dyspnea, phlegm production, wheezing,
body mass index (BMI), PROMIS domains
of depression, anxiety, and pain
interference, FACIT dyspnea score,
smoking status, FEV1, FEV1/FVC ratio, and
use of long- and short-acting b-agonists,
inhaled corticosteroids, long- and short-
acting anticholinergics, and systemic
corticosteroids. Stratified by preserved
pulmonary function versus airflow
obstruction, we also present correlation
coefficients for each variable of interest
from univariate linear regression. Finally,
we performed these analyses involving the
entire sample of 576 participants regardless
of pulmonary function, and include those
results in the online supplement. There
were few missing data in our analysis. Data
regarding hypoxemia status was missing
among 23 participants, dyspnea data in 5,
pain survey data in 3, and data about
wheezing in 1. Overall, this led to 29
participants (5%) being excluded from
multivariate logistic regression (n = 5, 5%
from those with preserved pulmonary
function; n = 24, 5% from those with
airflow obstruction). Analysis was
performed with STATA statistical
software (StataCorp, College Station, TX),
version 14.2.

Results

Our analysis included 576 individuals with a
20–pack-year smoking history and
clinically identified COPD, including 100
individuals with preserved pulmonary
function, and 476 with airflow obstruction.
Both groups were in late middle age (mean
age, 66.5 yr [preserved pulmonary
function] vs. 67.8 yr [airflow obstruction]),
predominantly male (64.0 vs. 62.0% men),
and white (82.0 vs. 81.1%; Table 1). In
comparison with participants with airflow
obstruction, participants with preserved
pulmonary function reported a greater
magnitude of sleep disturbance (T-score of
54.2 vs. 50.0). In addition, participants with
preserved pulmonary function had more
comorbidities, including sleep apnea (38.0
vs. 20.6%), depression (58.0 vs. 37.2%), and
diabetes (33.0 vs. 21.4%). As expected,
fewer individuals with preserved
pulmonary function were hypoxemic

(14 vs. 43.2%). Of all 163 participants
reporting paroxysmal nocturnal dyspnea,
only 37 (22.7%) had a known history of
heart failure.

We compared the presence of
respiratory and nonrespiratory symptoms
by group in Figure 1. For ease of exposition,
symptoms measured continuously by
T-score are defined as present if the score is
greater than or equal to the MID from the
population mean (score of 52). Pain and
sleep disturbance reported at or above a
T-score of 52 (an MID above the

population mean) was significantly more
frequent among those with preserved
pulmonary function than among those with
airflow obstruction (pain: 82.0 vs.
62.4%, P, 0.01; sleep disturbance: 59.0 vs.
40.8%, P, 0.01). No significant differences
were noted for the presence of respiratory
symptoms (Figure 1).

We present univariate and multivariate
associations with sleep disturbance among
participants with preserved pulmonary
function and with airflow obstruction in
Table 2. Adjusting for all hypothesized

Table 1. Characteristics of participants with preserved pulmonary function and with
airflow obstruction

Preserved
Pulmonary Function*

Airflow
Obstruction*

(n = 100) (n = 476)

Demographics
Age, yr 66.5 (10.6) 67.8 (9.5)
Sex, % women 36 (36.0) 181 (38.0)
Race, % nonwhite 18 (18.0) 90 (18.9)

Comorbidities and general health
Sleep apnea status, %
No sleep apnea 62 (62.0) 378 (79.4)
Sleep apnea, nonadherent to

CPAP/untreated
28 (28.0) 77 (16.2)

Sleep apnea, adherent to CPAP 10 (10.0) 21 (4.4)
Depression diagnosis, % 58 (58.0) 177 (37.2)
Diabetes mellitus, % 33 (33.0) 102 (21.43)
Chronic kidney disease, % 25 (25.0) 84 (17.7)
Coronary disease, % 47 (47.0) 175 (36.8)
Heart failure, % 20 (20.0) 74 (15.6)
Sciatica, % 59 (59.0) 195 (41.0)
Number of comorbidities 5.7 (2.8) 4.5 (2.4)
BMI, kg/m2 30.8 (6.1) 28.7 (7.0)
Sleep disturbance, T-score 54.2 (9.9) 50.0 (9.5)
Depression, T-score 50.5 (9.4) 48.6 (9.3)
Anxiety, T-score 52.2 (9.4) 50.0 (9.0)
Pain interference, T-score 58.7 (8.6) 54.0 (9.5)
6-Minute walk distance, ft 1,089 (390) 1,112 (349)

Respiratory health
FEV1 % predicted 94.8 (15.1) 58.3 (18.9)
Hypoxemia status, %

Nonhypoxic 81 (85.3) 260 (56.8)
Hypoxemic, using oxygen 11 (11.6) 159 (34.7)
Hypoxemic, without oxygen 3 (3.2) 39 (8.5)
FACIT dyspnea, score 44.4 (8.0) 44.7 (8.0)

Currently smoking, % 35 (35.0) 165 (34.7)
Respiratory medications
LABA, % 13 (13.0) 164 (34.5)
LAMA, % 5 (5.0) 149 (31.3)
SABA, % 41 (41.0) 269 (56.5)
SAMA, % 16 (16.0) 106 (22.3)
ICS, % 18 (18.0) 208 (43.7)

Systemic corticosteroid, % 1 (1.0) 14 (2.9)

Definition of abbreviations: BMI = body mass index; CPAP = continuous positive airway pressure;
FACIT = Functional Assessment of Chronic Illness Therapy; ICS = inhaled corticosteroid; LABA =
long-acting b-agonist; LAMA = long-acting muscarinic antagonist; SABA = short-acting b-agonist;
SAMA= short-acting muscarinic antagonist.
P value from x2 or unpaired t test for categorical or continuous variables, respectively.
*Values shown represent mean (SD) or n (%).
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factors, increasing severity of depressive
symptoms was associated with sleep
disturbance both among those with
preserved pulmonary function (b, 0.61
increase in sleep disturbance T-score for
each increase in depression T-score; P,
0.01) and with airflow obstruction (b, 0.25;
P, 0.01). FEV1 was associated with sleep
disturbance in both groups, adjusting for
other factors. However, lower FEV1 percent
predicted was associated with greater sleep
disturbance among participants with
preserved pulmonary function (b, –0.19
T-score per each percent predicted FEV1;
P, 0.01), and greater FEV1 percent
predicted was associated with greater sleep
disturbance in those with airflow obstruction
(b, 0.06; P = 0.02). Only among those with
preserved pulmonary function were sleep
apnea with adherence to CPAP and greater
dyspnea associated with sleep disturbance.
Specific to those with airflow obstruction,
advancing age, paroxysmal nocturnal
dyspnea, and pain interference were
associated with sleep disturbance (Table 2).

Discussion

Among participants with a substantial
smoking history and a clinical diagnosis of
COPD, sleep disturbance was more
pronounced in participants with preserved
pulmonary function compared with those
with evidence of airflow obstruction. In both
groups, adjusted analyses demonstrated
sleep disturbance to be related to the
magnitude of depression. We also
found FEV1 to be related to sleep

disturbance in both groups, but with
contrasting relationships.

The population of participants in our
sample with clinically identified COPD and
with preserved pulmonary function likely
represents a heterogeneous group of
participants with a phenotype of COPD
without airflow obstruction and those with
other, non-COPD causes of dyspnea.
Regardless of etiology, the greater sleep
disturbance observed in this group may
stem from alternative causes of dyspnea and
fatigue such as heart failure, diabetes, and
obesity that also drive health care utilization
(22–25). Sleep disturbance and insomnia
have a bidirectional relationship with these
three conditions, with greater sleep
disturbance contributing to disease severity
(26–28), and in turn sleep disturbance may
augment symptom perception (29). In
addition, heart failure and obesity can both
predispose to restrictive ventilatory
impairment and may underlie the
association of reduced FEV1 and dyspnea
with sleep disturbance in this group;
residual confounding due to undiagnosed
heart failure and truncal obesity may have
caused lower FEV1 and dyspnea to remain
correlated in adjusted analyses (30, 31). The
low-to-normal FEV1 in this group without
obstruction may also reflect primarily
small-airway disease with sleep-disrupting
bronchitic symptoms. Given these putative
relationships, further work to explore the
role of sleep disturbance in preserved
airflow phenotypes of COPD should
be pursued.

Although large studies have not found a
relationship between insomnia symptoms

and severity of obstruction (2, 5, 6), we
found that, among those with airflow
obstruction, a higher FEV1 was associated
with greater sleep disturbance. These
findings are consistent with a study of 106
participants showing greater arousal
frequency with less severe obstruction (7).
This weak but significant association may
relate to a reduced predisposition to sleep-
related upper airway obstruction and sleep
apnea among participants with severe
obstruction and hyperinflation (32), and it
is worth noting that this relationship was
only observed in the adjusted model
after accounting for variables that
independently predispose to sleep apnea
such as BMI, sex, and age.

Contrary to findings where smokers
with preserved pulmonary function had
appreciable but less severe symptoms than
did smokers with airflow obstruction (9),
individuals with preserved pulmonary
function in our sample tended to have a
higher burden of respiratory symptoms
such as cough, phlegm production, and
dyspnea than those with airflow
obstruction, although differences were not
statistically significant. The disparities
between these two groups in nonrespiratory
symptoms were even greater; participants
with preserved pulmonary function had
substantially greater prevalence and severity
of symptoms such as sleep disturbance and
pain. These symptoms may independently
drive health care utilization, and may also
relate to a greater burden of comorbid
conditions such as major depressive
disorder and sciatica in our group with
preserved pulmonary function.
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Figure 1. Symptoms reported among participants with preserved pulmonary function and with airflow obstruction. Shown is the proportion of participants
in each group with respiratory and nonrespiratory symptoms of interest. For symptoms measured continuously by T-score, the cutoff is made at a
score of 52 (general population mean plus the minimum important difference of 2). Error bars refer to 95% confidence intervals. Proportions compared by
x2 test; *P, 0.05. Dist. = disturbance; PND = paroxysmal nocturnal dyspnea.

ORIGINAL RESEARCH

Donovan, Rise, Carson, et al.: Sleep Disturbance in Smokers 1839



This work highlights the contribution
of depression to sleep disturbance in
participants with clinically diagnosed
COPD. Prior work demonstrated that
depressive mood is common among those
with COPD (21.4%), and that 90% of
patients with COPD with depression
complained of symptoms of insomnia (1).
As depression is a morbid yet treatable
condition that detracts substantially from
quality of life (33–35), clinicians should be
on alert to inquire about depression among
those patients with COPD and sleep
disturbance. Concomitant therapy for
insomnia alongside depression is also
associated with more sustained and
effective therapy response in both
conditions (36).

Similar to depression, pain was also
associated with sleep disturbance in adjusted

analyses among those with airflow
obstruction. This is not surprising given the
high prevalence of pain symptoms in those
with COPD (37), and the bidirectional
relationship between sleep and pain.
Although data support the intuitive causal
relationship of pain resulting in sleep
disturbance (38), other studies suggest that
inadequate or disturbed sleep perpetuates
chronic pain (39). It is possible that
interventions aimed at improving sleep
quality may have salutatory effects on pain
and vice versa.

Also consistent with earlier
observations, respiratory symptoms such as
dyspnea, cough, and phlegm production
were associated with overall sleep
disturbance symptoms in univariate
analyses (5, 6). Prior studies reported
composite assessment of respiratory

symptoms such as the COPD Assessment
Test score (6), whereas we explored
individual symptoms. Overall, of the
symptoms queried, paroxysmal nocturnal
dyspnea was the only respiratory symptom
associated with sleep disturbance in the
adjusted model—a finding not entirely
explained by burden of diagnosed heart
failure. Although the test characteristics
in patients with COPD are unclear,
paroxysmal nocturnal dyspnea has a
specificity of 89% for heart failure among
the general population of community-
dwelling adults (40). Among our
participants, the vast majority of those
complaining of paroxysmal nocturnal
dyspnea did not have a diagnosis of heart
failure. Given the high prevalence of
undiagnosed heart failure in COPD (41),
and the known strong associations of heart

Table 2. Adjusted and unadjusted correlation of general and respiratory-specific health status and symptoms with sleep
disturbance

Preserved Pulmonary Function Airflow Obstruction

Unadjusted Adjusted Unadjusted Adjusted

Age, yr 20.25 (–0.43, –0.07)* 20.12 (–0.32, 0.08) 20.22 (–0.31, –0.14)* –0.10 (–0.20, –0.01)†

Sex, female 3.82 (–0.21, 7.86) 2.07 (–1.54, 5.67) 1.32 (–0.44, 3.08) 0.70 (–0.89, 2.29)
Nonwhite 0.03 (–5.10, 5.17) 21.48 (–5.83, 2.87) 1.96 (–0.21, 4.14) 1.24 (–0.74, 3.22)
BMI, kg/m2 20.03 (–0.36, 0.29) 0.17 (–0.16, 0.49) 0.05 (–0.07, 0.18) 20.10 (–0.22, 0.01)
Nonhypoxic Ref Ref Ref Ref
Hypoxic, uses oxygen 0.49 (–5.93, 6.91) 2.87 (–2.55, 8.29) 0.57 (–1.32, 2.45) 0.75 (–1.08, 2.58)
Hypoxic, no oxygen 5.48 (–6.27, 17.23) 1.53 (–7.78, 10.83) 2.51 (–0.71, 5.72) 2.42 (–0.35, 5.19)

No sleep apnea Ref Ref Ref Ref
SA, not CPAP adherent 1.05 (–3.46, 5.55) 0.11 (–3.81, 4.03) 4.55 (2.25, 6.85)* 1.99 (–0.16, 4.14)
SA, CPAP adherent 21.24 (–7.98, 5.50) –8.71 (–15.09, –2.33)† 1.75 (–2.37, 5.87) 20.99 (–4.99, 3.01)

PND 7.17 (3.32, 11.02)* 1.36 (–2.58, 5.31) 7.35 (5.53, 9.17)* 3.79 (1.93, 5.65)†

Cough 3.71 (–0.17, 7.58) 0.78 (–3.65, 5.20) 1.5 (–0.25, 3.24) 20.07 (–2.62, 2.48)
Phlegm 3.13 (–1.17, 7.43) 2.50 (–2.49, 7.48) 1.15 (–0.74, 3.04) 20.40 (–3.09, 2.28)
Wheezing 4.63 (0.71, 8.55)* 1.19 (–2.36, 4.73) 4.26 (2.57, 5.94)* 0.13 (–1.62, 1.87)
Depression, T-score 0.49 (0.3, 0.68)* 0.61 (0.27, 0.94)† 0.46 (0.38, 0.54)* 0.25 (0.12, 0.38)†

Pain interference, T-score 0.65 (0.46, 0.84)* 0.06 (–0.23, 0.36) 0.43 (0.35, 0.51)* 0.22 (0.12, 0.31)†

Anxiety, T-score 0.51 (0.32, 0.69)* 20.31 (–0.65, 0.03) 0.42 (0.33, 0.51)* 0.01 (–0.13, 0.14)
Dyspnea, T-score 0.53 (0.30, 0.75)* 0.52 (0.23, 0.81)† 0.40 (0.30, 0.50)* 0.12 (–0.01, 0.24)
Currently smoking 4.26 (0.22, 8.31)* 1.30 (–2.92, 5.52) 2.95 (1.18, 4.73)* 0.55 (–1.36, 2.46)
Number of comorbidities 1.21 (0.54, 1.88)* 0.46 (–0.23, 1.15) 1.01 (0.66, 1.35)* 0.10 (–0.27, 0.47)
Baseline LABA 0.55 (–5.31, 6.41) 22.04 (–10.03, 5.95) 20.50 (–2.30, 1.30) 21.68 (–3.94, 0.58)
Baseline ICS 20.26 (–5.39, 4.87) 22.10 (–8.91, 4.7) 0.71 (–1.02, 2.43) 0.78 (–1.37, 2.93)
Baseline SABA 3.69 (–0.25, 7.63) 20.29 (–4.05, 3.47) 2.03 (0.31, 3.75)* 20.34 (–2.05, 1.38)
Baseline LAMA 23.76 (–12.78, 5.26) 21.95 (–9.37, 5.47) 1.34 (–0.50, 3.18) 1.18 (–0.67, 3.04)
Baseline SAMA 1.86 (–3.51, 7.23) 21.17 (–5.64, 3.30) 1.38 (–0.68, 3.43) 1.15 (–0.72, 3.02)
Oral corticosteroid 211.77 (–31.45, 7.91) 20.98 (–17.39, 15.44) 20.88 (–5.94, 4.18) 20.32 (–4.78, 4.13)
FEV1 % predicted 20.19 (–0.32, –0.07)* –0.19 (–0.31, –0.07)† 0.02 (–0.03, 0.06) 0.06 (0.01, 0.10)†

Definition of abbreviations: BMI = body mass index; CPAP = continuous positive airway pressure; ICS = inhaled corticosteroid; LABA = long-acting
b-agonist; LAMA = long-acting muscarinic antagonist; PND = paroxysmal nocturnal dyspnea; Ref = referent; SA = sleep apnea; SABA = short-acting
b-agonist; SAMA= short-acting muscarinic antagonist.
Shown are b coefficients with 95% confidence intervals for each hypothesized correlate of sleep disturbance. b coefficients refer to the magnitude of
change in sleep disturbance T-score for a 1-unit change in the exposure outlined in that row. Units for continuous exposures are noted in parentheses.
Unadjusted correlates arise from univariate linear regression models (modeling sleep disturbance T-score as outcome). Adjusted models include all other
exposures in the table.
*Significant unadjusted relationships at P, 0.05 level.
†Significant adjusted relationships at the P, 0.05 level, these are also in boldface type.
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failure with sleep disturbance and nocturia
(42–44), it is possible that undiagnosed
heart failure may at least partially mediate
sleep disturbance in COPD.

Among participants with preserved
pulmonary function, adherent CPAP use was
associated with reduced sleep disturbance
even when compared with the referent group
of those with no sleep apnea. This
observation may be confounded by the fact
that those with better sleep continuity are
able to tolerate PAP (45). However, as 84–
93% of individuals with moderate to severe
obstructive sleep apnea remain undiagnosed
(46), there is likely a sizeable proportion of
individuals in our cohort misclassified as not
having sleep apnea whose sleep quality could
be improved with identification and
management of unrecognized sleep apnea.
Because of a higher BMI, the proportion of
undiagnosed sleep apnea is likely to be
greater among those with preserved
pulmonary function, and this could explain
why the association with adherent CPAP use
was observed only in this group.

Contrary to prior work (21),
hypoxemia and supplemental oxygen
administration did not emerge as major
contributors to poor sleep quality in the
adjusted analyses of our study. It is worth
noting that sleep disturbance has not been
associated with pulse oximetry measures in
prior work evaluating sleep quality in
COPD. In McSharry and colleagues, sleep
disturbance was associated with lower rates
of arterial oxygen tension as measured by
arterial blood gasses but not oximetry (7).
Later, in Budhiraja and colleagues, oxygen
use was associated with reduced sleep
disturbance, but no relationship with pulse
oximetry was reported (5). The absence of
an association between hypoxia and sleep
disturbance in our analysis would mirror
the experience in obstructive sleep apnea
where correction of nocturnal hypoxemia
does not appear to improve sleep
architecture (47) or neuropsychological

functioning (48). However, there did
appear to be an improvement in insomnia
as measured by the Pittsburgh Sleep Quality
Instrument score in oxygen users compared
with nonusers in the Long-Term Oxygen
Treatment Trial (LOTT) (see LOTT
description in the online supplement),
although the significance of this finding did
not persist after Bonferroni adjustment (49).

This investigation has some limitations.
First, our assessment of sleep disturbance is
based on self-report, and no objective
measure of sleep disruption or
fragmentation by polysomnography or
actigraphy was used. As noted previously,
we are also likely underestimating the
proportion and potential impact of
undiagnosed (and therefore untreated)
obstructive sleep apnea. In addition,
although we were able to evaluate and adjust
for sleep disturbance related to COPD-
specific medications such as corticosteroids
and inhalers, other medication use was not
ascertained in CONCERT and may be a
source of residual confounding.
Furthermore, given the novel nature of the
PROMIS sleep disturbance instrument, a
threshold score for abnormal sleep
disturbance has not yet been established.
Therefore the current analysis allows us to
explore associations across the entire range
of sleep disturbance as opposed to risk or
odds of pathologic sleep disturbance.
However, because prior work already
established a firm association of COPD with
pathologic degrees of sleep disturbance, this
is of less concern. Finally, the cross-sectional
nature of the work reduces our ability to
consider predictors as opposed to
consequences of sleep disturbance.

The current work with its large sample
size and generalizable population provides
insight into the explanatory factors of sleep
disturbance in patients with clinically
diagnosed COPD. Given that the disease-
defining features of COPD did not appear to
be associated with sleep disturbance, a focus

on the identification and therapy of
comorbidities contributing to sleep
disturbance, such as sleep apnea and
depression, will be of paramount
importance. Furthermore, the sizeable
contribution of paroxysmal nocturnal
dyspnea raises the prospect of undiagnosed
heart failure playing a major role in sleep
disturbance. Longitudinal studies will be
needed to better elucidate causality
regarding these potential mediators, and
help prioritize therapeutic trials.

Conclusion
Individuals with a significant smoking
history and preserved pulmonary function
have greater sleep disturbance than those
with airflow obstruction. Our study adds to
the existing literature that has failed to find a
consistent association between greater
severity of airflow obstruction and sleep
disturbance among those with COPD.
Furthermore, the absence of a significant
association with hypoxia would support the
argument that the central disease processes
of COPD—airflow obstruction and
impaired gas exchange—are not major
drivers of sleep disturbance symptoms.
Instead, among those with airflow
obstruction, the most robust associations
were noted with depression, pain
interference, and paroxysmal nocturnal
dyspnea, suggesting these symptoms should
be prioritized in managing patients with
COPD with sleep disturbance. This study
also supplements emerging data that
individuals with risk factors for COPD who
lack airflow obstruction are vulnerable to
symptoms that impair quality of life. n
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