
SCIENT IF IC INVEST IGATIONS

Therapy for insomnia with chronic obstructive pulmonary disease: a
randomized trial of components
Mary Kapella, PhD, RN1; Alana Steffen, PhD1; Bharati Prasad, MD1,2; Franco Laghi, MD3,4; Sachin Vispute, MPH, MSEd5;
Gretchen Kemner, MSN, PMHNP1,6; Celso Teixeira, LCPC7; Tara Peters, BS, CCRP1; Jeehye Jun, MSN, RN1; Julie Law, BS, CCRP1; David Carley, PhD1

1University of Illinois at Chicago, Chicago, Illinois; 2Jesse Brown VA Medical Center, Chicago, Illinois; 3Edward Hines Jr Department of Veterans Affairs Hospital, Hines,
Illinois; 4Loyola University Stritch School of Medicine, Maywood, Illinois; 5Rush University Medical Center, Chicago, Illinois; 6Howard Brown Health, Chicago, Illinois; 7Illinois
Sleep Counseling, PLLC, Highland Park, Illinois

Study Objectives: To determine efficacy and mechanisms of cognitive behavioral therapy for insomnia (CBT-I) and chronic obstructive pulmonary disease
(COPD) education (COPD-ED) on clinical outcomes in adults with concurrent COPD and insomnia.
Methods: We conducted a 23 2 factorial study to test the impact of CBT-I and COPD-ED delivered alone or in combination on severity of insomnia and fatigue,
sleep, and dyspnea. Participants were randomized to 1 of 4 groups—group 1: CBT-I + attention control (AC; health videos, n = 27); group 2: COPD-ED + AC,
n = 28; group 3: CBT-I + COPD-ED, n = 27; and group 4, AC only, n = 27. Participants received six 75-minute weekly sessions. Dependent variables included
insomnia severity, sleep by actigraphy, fatigue, and dyspnea measured at baseline, immediately postintervention, and at 3 months postintervention. Presumed
mediators of intervention effects included beliefs and attitudes about sleep, self-efficacy for sleep and COPD, and emotional function.
Results: COPD patients (percent predicted forced expiratory volume in 1 second [FEV1pp] 67% ± 24% [mean ± standard deviation]), aged 65 ± 8 years, with
insomnia participated in the study. Insomnia and sleep improved more in patients who received CBT-I than in those who did not, an effect that was sustained at
3 months postintervention and mediated by beliefs and attitudes about sleep. CBT-I was associated with clinically important improvements in fatigue and dyspnea.
When CBT-I and COPD-ED were concurrently administered, effects on insomnia, fatigue, and dyspnea were attenuated.
Conclusions: CBT-I produced significant and sustained decreases in insomnia improved sleep and clinically important improvement in fatigue, and dyspnea.
The combination of CBT-I and COPD-ED reduced CBT-I’s effectiveness. Further research is needed to understand the mechanisms associated with effects of
insomnia therapy on multiple symptoms in COPD.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Insomnia and fatigue are common complaints among patients with chronic obstructive pulmonary disease
(COPD), but little is known about effects of nonpharmacologic insomnia therapy on COPD-related outcomes. The purpose of this study was to determine
efficacy and mechanisms of cognitive behavioral therapy for insomnia (CBT-I) and COPD education (COPD-ED) on insomnia, fatigue, sleep, and dyspnea
in adults with concurrent COPD and insomnia.
Study Impact: Insomnia and sleep improved more in patients who received CBT-I than in those who did not, an effect that was sustained 3 months post-
intervention and mediated by the change in beliefs and attitudes about sleep. CBT-I was also associated with clinically important improvements in fatigue
and dyspnea. Interestingly, COPD-ED reduced the effectiveness of CBT-I. Further research is needed to understand mechanisms associated with long-
term effects of insomnia therapy on multiple symptoms in COPD.

INTRODUCTION

Insomnia and fatigue are commonly reported by patients with
chronic obstructive pulmonary disease (COPD) and negatively
impact health status,1 quality of life,2 and clinical outcomes in-
cluding mortality.3 A growing body of evidence supports the
effectiveness of nonpharmacologic therapy for insomnia in pa-
tients with coexisting medical illnesses, including patients with
fibromyalgia,4 cancer,5 and cancer survivors.6 The effectiveness
of nonpharmacologic therapy for insomnia in patients with

COPD remains unclear. In an earlier pilot study7 we reported
that cognitive behavioral therapy for insomnia (CBT-I) may min-
imize the severity of insomnia and fatigue in patients with COPD
and concurrent insomnia. Moreover, we reported that COPD
education (COPD-ED) could improve mood.7 Whether combin-
ing CBT-I and COPD-ED has an additive effect on ameliorating
insomnia and fatigue in these patients and mechanisms associ-
ated with outcomes remains to be determined.

The study had 2 aims. Aim 1 was designed to determine the
efficacy of administering CBT-I and COPD-ED alone and in
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combination on the severity of insomnia (primary outcome) and
sleep, fatigue, and dyspnea (secondary outcomes). Aim 2 was
designed to identify mechanistic contributors to pre/post-
intervention change in insomnia and fatigue. Specifically, we
hypothesized that the combination of CBT-I and COPD-ED is
superior to each intervention on its own in decreasing insomnia
and fatigue post-intervention and these effects are sustained for
at least 3 months.

METHODS

Design
We conducted a 23 2 factorial study to test the impact of CBT-I
and COPD-ED delivered alone or in combination on the severity
of insomnia and fatigue as well as dyspnea in patients with con-
current insomnia and COPD. Details of the study were described
previously.8 Study participants were randomly assigned to 1 of 4
groups consisting of combinations of CBT-I and COPD-ED
(each separately, both, and neither) and attention control (AC).

The sample size calculation made when the study was
designed was based on main effect differences at the end of the
intervention.7 This called for 166 participants as to retain 140
(35 per group) participants in the study. These figures would
result in 80% power to detect a moderate effect size (Cohen’s
d= 0.47) for each treatment component (alpha = 0.05). How-
ever, we terminated recruitment before reaching our goal due to
logistical challenges and time constraints. With the final sample
of 109 (27–28 per group), the minimum detectable effect size
increased by 15% to 0.54 for the main effects for treatment
components assuming 80% power and alpha = 0.05. To main-
tain the 0.47 minimum detectable effect size at 80% power
would require a larger type I error rate (alpha = 0.113).

Participants
The study took place from June 2014 to July 2019 and was
approved by the Institutional Review Board at the University of
Illinois at Chicago (UIC), Edward Hines Jr Veterans Hospital
(Hines), and Jesse Brown Veterans Hospital. Participants were
recruited through letters of invitation, newspaper advertise-
ments, and word of mouth.

Inclusion criteria included the following: (1) COPD defined
according to Global Initiative for Chronic Obstructive Lung Dis-
ease (GOLD) criteria,10 (2) age ≥ 45 years, (3) clinically stable
at the time of enrollment, and (4) insomnia (Insomnia Severity
Index [ISI] score ≥ 8).11,12 Participants were assessed for sever-
ity of COPD using spirometry (VMAX Encore 22; Viasys
Healthcare, Inc, Yorba Linda, CA).13 Individuals whomet initial
eligibility criteria underwent a 1-night polysomnography (PSG)
at the UIC Sleep Science Center (n = 31). When laboratory PSG
was not available (n = 78), patients underwent an overnight sleep
study at home (Alice NightOne with Sleepware G3 integrated
Somnolyzer scoring; Philips Respironics, Murrysville, PA).

Exclusion criteria included the following: (1) restrictive lung
disease or asthma; (2) pulse oximetry (SpO2) < 90% at rest or
< 85% at night for > 5 minutes; (3) obstructive sleep apnea
(apnea-hypopnea index > 15 events/h), periodic limb movements

with arousals (> 10/h), positive Restless Legs Syndrome Rating
Scale (> 30),14 history of narcolepsy; (4) current hypnotic use;
(5) acute respiratory infection within the previous 2 months; (6)
unstable chronic illness or alcohol or drug abuse; (7) major psy-
chiatric disease or a Hospital Anxiety and Depression Scale
(HADS) depression score of > 1115; and (8) actively participating
in a pulmonary rehabilitation program.

Procedures
Participants were screened by phone followed by a screening
visit at the UIC Center for Sleep and Health Research. All par-
ticipants provided written, informed consent to participate.
Excluding the screening, participants had a total of 9 laboratory
visits (1 pretest visit, 6 intervention visits, 1 post-test visit, and
one 3-month follow-up visit [in laboratory or home]).

Eligible participants were scheduled for the baseline (pretest)
visit and they were then randomly assigned to 1 of the 4 treat-
ment groups. The treatment groups were randomly ordered in
blocks of 4 and sequentially assigned through REDCap17,18

according to stratum. We had 4 strata defined by sex and COPD
severity, managed separately by site. Participants were random-
ized by crossing the 2 factors CBT-I vs AC and COPD-ED vs
AC. Thus, patients in group 1 received CBT-I + AC; patients in
group 2 received COPD-ED + AC; those in group 3 received
CBT-I + COPD-ED; and those in group 4 received AC + AC.
All participants received 6 treatment sessions lasting approxi-
mately 75 minutes each. Nonblinded investigators generated
allocation by REDCap and assigned participants to interven-
tions. Investigators administering spirometry and scoring sleep
studies and actigraphy were blinded to group assignment.

Participants attended the intervention visits at the UIC Center
for Sleep and Health Research or at the Physical Performance
Laboratory of Edward Hines Jr VA Hospital. For the 3-month
follow-up, participants either went to the UIC Center for Sleep
and Health Research or Physical Performance Laboratory or
were mailed an actigraph and questionnaires. We tracked atten-
dance and used strategies to reduce attrition such as communica-
tion between investigators and participants, minimizing study
participant burden using REDCap andmonetary incentives. Tests
were performed in the same order for each participant. Selection
bias was minimized by use of the randomized design. We docu-
mented dropout, adverse events, andmissing data details.

Intervention components
The CBT-I protocol was based on the modified7 Perlis et al19

insomnia treatment protocol. The CBT-I protocol was adminis-
tered by a behavioral sleep medicine specialist (C.T., J.L.) or a
mental health registered nurse (G.K.) trained in behavioral
sleep medicine. All sessions were conducted in individual for-
mat. We originally intended to conduct group sessions but
found transportation issues interfered with participants arriving
at scheduled appointment times. CBT-I sessions were guided
by a study manual and session guidelines and included a review
of the sleep diary and actigraphy data, a didactic/interactive pre-
sentation, and discussion. Topics of the didactic/interactive
presentation included insomnia information, techniques and
medications used to manage insomnia, and prevention of
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insomnia relapse. COPD-ED sessions, conducted by the same
investigators who administered CBT-I, included nonsleep
topics related to COPD such as how the lungs work, managing
COPD and complications, medications, and breathing techni-
ques. Participants attended sessions with AC when not assigned
to receive a component. AC was composed of general health
education videos and discussion. AC participants received the
same dose (75 minutes) of in-person interaction as the interven-
tion participants, but no COPD or insomnia elements of treat-
ment were included in AC.

Fidelity
Therapists (C.T., J.L., and G.K.) were trained in CBT-I, COPD-
ED, and AC topics by experts (Principles and Practice of CBT-I
Course at the University of Pennsylvania) and practiced the
interventions under supervision (M.K., C.T.). Therapists used a
standardized form for guidance during CBT-I, COPD-ED, and
AC sessions. To assure high-quality, live sessions were periodi-
cally reviewed. CBT-I sessions 2, 4, and 6 were reviewed. Over
95% of study sessions were conducted by 2 research specialists
(G.K. and C.T.) over the course of the study.

Outcome measures
Dependent variables included insomnia (primary outcome) and
fatigue, sleep, and dyspnea (secondary outcomes), measured 3
times: at baseline (pretest), immediately post-intervention
(post-test), and at 3 months (follow-up).

We quantified severity of insomnia using the ISI. ISI scores
range from 0 to 28, with higher scores indicating worse insom-
nia. Scores of 8 to 14 indicate subthreshold insomnia, 15 to 21
indicate moderate insomnia, and scores of 22–28 indicate
severe insomnia.11 A 6-point reduction represents a clinically
meaningful minimal improvement in insomnia.20 A reduction
> 7 or 8 points is considered a moderate improvement and a
reduction > 8 points is considered a marked improvement.11

We measured fatigue and dyspnea using the Chronic Respi-
ratory Disease Questionnaire (CRQ) fatigue (CRQF) and dys-
pnea (CRQD).19,20 The CRQF and the CRQD consist of 4 and 5
items, respectively. Items are scored on a 7-point Likert scale.
Lower scores indicate more fatigue or dyspnea. CRQF and
CRQD are valid and reliable tools to quantify severity of fatigue
and dyspnea in patients with COPD.21 The minimal clinically
significant change in the CRQ score is a change of 0.5 points,
and a moderate change is a CRQ change of 1 point.22

Sleep architecture was indirectly quantified using actigraphy
(Actiwatch-2V

R

; Minimitter; Philips Respironics, Murrysville,
PA).23,24 Variables examined included wake after sleep onset
(WASO) and sleep efficiency (SE). A WASO reduction of 20
minutes or a 5% increase in SE are considered clinically signifi-
cant.25 All participants wore the actigraph during the 6-week
intervention period and the report was reviewed at each session
with those who received CBT-I. We found from our pilot work
that participants enjoyed seeing their objective data and discus-
sing it along with their sleep diary data during sessions.

Patients randomized to CBT-I were instructed to complete
the Consensus Sleep Diary26 daily while wearing the actigraph.
Diary data were discussed during the weekly CBT-I sessions

and used for editing and scoring the actigraphy data. Patients
not randomized to CBT-I were instructed to complete the Con-
sensus Sleep Diary for 1 week at baseline, post-treatment, and
at the 3-month follow-up. Reliability and validity in measuring
self-reported sleep were reported.27,28

Mediator measures
The Dysfunctional Beliefs and Attitudes about Sleep Scale
(DBAS-30)29 was used to measure sleep-related beliefs in the
participants. The scale consists of 30 items in 5 themes: misat-
tributions or amplification of the consequences of insomnia,
diminished perception of control and predictability of sleep,
unrealistic sleep expectations, misconceptions about the causes
of insomnia, and faulty beliefs about sleep-promoting practices.
The response scale included a 0–10 Likert scale labeled
“strongly disagree” to “strongly agree.” The DBAS score is an
average of item scores. Adequate reliability and validity were
demonstrated in older adults with and without sleep problems.
The DBAS is sensitive to changes in sleep-related beliefs in
older adults with insomnia.30 A DBAS score above 3.5 identi-
fies clinically significant levels of unhelpful beliefs related to
sleep.31

We measured self-efficacy for sleep using the Self-Efficacy
Scale (SES) for sleep,32 a 9-item questionnaire including a 1–5
Likert scale. Respondents indicated their confidence (“not con-
fident at all” to “very confident”) in falling asleep, staying
asleep, and obtaining refreshing sleep. Reliability, validity, and
test-retest reliability of the SES have been demonstrated in
older adults.33

The COPD Self-efficacy Scale34 (COPDSE) was used to
measure self-efficacy for COPD. The COPDSE is a 34-item
questionnaire with 5 subscales that includes a 5-point Likert
scale. Respondents indicated their confidence in managing
breathing (dyspnea) during intense emotions, physical exertion,
adverse weather or environmental conditions, and risk factors.
Responses range from 34 to 170 (“very confident” to “not at all
confident”) items scoring 1 to 5, with 1 representing higher
self-efficacy. Reliability and validity of the COPDSE have
been demonstrated in people with COPD.35

We measured the self-reported emotional arousal experi-
enced in the previous 2 weeks using the 7 item CRQ Emotional
Function domain (CRQEF).19,20 The questionnaire includes
items on anxious and depressed mood and satisfaction with per-
sonal life.

Statistical analyses
Descriptive statistics and plots were used to screen the data
prior to our main analyses. Baseline adjustment for covariates
(eg, age, COPD severity [pulmonary function test], site, and
sex) were incorporated into the main effect analyses to reduce
error variance and improve statistical power.36 All tests were
2-sided and an error rate of a < 0.05 was considered statistically
significant. The test of each specific aim is described below,
and all statistical analysis used an intent-to-treat approach, with
all cases retained regardless of attrition or missing data utilizing
all available data with a full information maximum likelihood
approach. Data analyses were performed using SAS version 9.4
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statistical software (SAS Institute, Cary, NC), IBM SPSS Sta-
tistics for Windows, version 27 (IBM Corporation, Armonk,
NY), and Stata Statistical Software 15.1 (StataCorp 2017; Sta-
taCorp LLC, College Station, TX).

Test of specific hypotheses
We used separate covariance pattern models regressing out-
comes on treatment component indicators (effect coded –1, +1),
time (categorical), and their interactions as fixed effects. An
unstructured residual covariance pattern was used to account for
correlations due to repeated measurements. The null hypothesis
was rejected when a significant treatment 3 time interaction
was observed. For example, a significant CBT-I3 time effect in
the hypothesized direction meant that participants receiving
CBT-I improved more than those who did not, averaged across
the other conditions at the specified time point. Models run with
and without a priori covariates yielded the same statistical con-
clusions for efficacy findings, and unadjusted models are pre-
sented. Potential moderators suggested by our previous work
include sex, severity of baseline insomnia, baseline fatigue, and
COPD and were tested as interactions in the context of the Aim
1 models. Significant moderation suggests characteristics asso-
ciated with better response to the intervention.

We hypothesized that CBT-I and COPD-ED components
impact insomnia and fatigue through complementary mecha-
nisms. We used path analysis to test the conceptual model illus-
trated in Figure 2.37 The models tested if each treatment
component was related to change in the hypothesized mediator
post-treatment, and whether that change is associated with
improvement in the outcome post-treatment. The “a” paths rep-
resent the direct effects of each treatment component on the
mediator, also known as the action theory part of a mediation
model, and indicate that treatment impacted the mediator (ie,
difference in change between those who received the compo-
nent compared with those who did not). The “b” path is the
effect of the mediator on the outcome, representing the concep-
tual theory aspect of mediation, and indicates the relationship
between mediator and outcome. Significant conceptual theory
(b paths) supports that the mediator is an appropriate target to
improve the outcome. The “c’” paths are the direct effects of
the treatment component on the outcome, showing what aspect
of a treatment effect is not explained by the mediator. A signifi-
cant indirect effect (a 3 b) provides the strongest support for
mediation. A total effect is the sum of the indirect (a 3 b) and
direct paths (c) and is useful to determine what proportion of an
effect is due to the mediated effect. These path models used
dummy-coded indicators for treatment variables and their inter-
action, included baseline measures of mediators and outcomes
as covariates, and used full information maximum likelihood
estimation to incorporate all available data.

RESULTS

Baseline characteristics
A total of 109 patients (percent predicted forced expiratory
volume in 1 second [FEV1%] 67% ± 24% [mean ± SD], age

65 ± 8 years) were enrolled in the study (Figure 1). Demo-
graphic characteristics were balanced among groups (Table 1).
In contrast, at baseline, patients randomized to COPD-ED had
more severe insomnia (ISI = 17) than the other patients
(ISI = 14.8). Thirty-six percent of participants were women and
73% were Black. As per the study design, all participants had
COPD40; GOLD stage 1 (n = 30), GOLD stage 2 (n = 53),
GOLD stage 3 (n = 17), GOLD stage 4 (n = 9). Descriptive sta-
tistics for measures and baseline outcome scores are summa-
rized in Table 2 and Table 3. Participants reported moderate
levels of insomnia and fatigue, more than 1 hour awake during
the night, and low SE at baseline.

Primary outcome
In Table 3 we summarize the main effects of the interventions
on clinical outcomes. This analysis focuses on a between-group
comparison of difference in change (DIC) from baseline to a
follow-up time point. Severity of insomnia decreased more
from baseline to immediately post-treatment (6 weeks) among
patients who received CBT-I compared with those who did not
receive CBT-I (DIC = –5.8 to –2.2 = –3.6 points). The decrease
in insomnia associated with administration of CBT-I was sus-
tained at the 3-month follow-up visit (DIC= –3.5). This CBT-I
group’s mean decrease in insomnia at 3 months was clinically
meaningful, almost to the moderate level (–6.8). The corre-
sponding DIC for COPD-ED compared with no COPD-ED was
not statistically significant: –1.5 at 6 weeks and –0.2 at follow-
up weeks.

Full-model results for the Aim 1 analyses are summarized in
Table 4. At follow-up, a 3-way interaction was significant and
plotted to aid interpretation (Figure 3a). The largest decrease in
ISI occurred in patients randomized to CBT-I (+ AC). Compared
with CBT-I (+ AC), CBT-I + COPD-ED had an attenuated effect
on ISI. While the model identified baseline differences in ISI for
these subgroups, we obtained the same results in an alternative
model adjusting for baseline ISI and other a priori covariates.

Secondary outcomes
Actigraphy WASO and SE results showed findings like ISI.
CBT-I was associated with a significant DIC compared with
those who did not receive CBT-I at post-treatment and 3-month
follow-up. SE increased in a similar pattern (Table 3). On aver-
age, improvements in WASO and SE did not reach the clini-
cally significant level. At follow-up, the interaction effect was
evident for SE (Figure 3b).

Fatigue decreased post-treatment and continued to be less
than pretreatment at the 3-month follow-up; however, the DIC
was not significant for main effect comparisons of CBT-I and
COPD-ED (Table 3 and Table 4). At the 3-month follow-up,
there was an interaction between CBT-I and COPD-ED like
that observed for insomnia and SE, suggesting that the combi-
nation of CBT-I and COPD-ED was less effective than CBT-I
alone (Table 4 and Figure 3c). There was a clinically important
improvement in fatigue and dyspnea for those randomized to
either CBT-I or COPD-ED (Table 3 and Figure 3d).
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Moderators
We assessed whether sex, initial ISI, and fatigue severity and
COPD severity modulated the effects of CBT-I and COPD-ED
in the differed subgroups. CBT-I was more effective among
participants with greater fatigue at baseline [b = 1.08 (0.48),
P= .028], an effect that was also evident at 3 months [b = 1.02
(0.48), P= .037]. In contrast, initial ISI and COPD severity had

no impact on the effects of CBT-I. No moderator had any
impact on the effects of COPD-ED.

Mediation
To identify potential mechanistic contributors to pre/post-inter-
vention change in insomnia and fatigue we examined the

Figure 1—CONSORT participant flow.

AC = attention control, CBT-I = cognitive behavioral therapy for insomnia, CONSORT = Consolidated Standards of Reporting Trials, COPD = chronic obstructive
pulmonary disease, COPD-ED = COPD education, HADS = Hospital Anxiety and Depression Scale, RLS = Restless Legs Syndrome Questionnaire.
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Table 1—Demographic and clinical characteristics at baseline.

CBT-I COPD-ED

Characteristics
All Participants

(n = 109) Yes (n = 55) No (n = 54) Yes (n = 55) No (n = 54)

Age, y 65 ± 8 64 ± 8 65 ± 9 65 ± 8 64 ± 9

Women, % 36% 36% 35% 36% 36%

FEV1, % predicted 66.8 ± 23.6 67.2 ± 23.7 66.4 ± 23.8 67.3 ± 24.8 66.2 ± 22.5

FEV1/FVC 55.0 ± 11.5 55.5 ± 12.0 54.5 ± 11.1 55.1 ± 11.6 55.0 ± 11.6

BMI, kg/m2 27.2 ± 6.1 27.6 ± 6.3 26.8 ± 5.9 27.2 ± 7.1 27.2 ± 5.0

Race, %

Black 73% 80% 67% 74% 73%

White 23% 18% 28% 20% 23%

Unknown or other 4% 2% 5% 6% 4%

Education, %

> High school 66% 75% 80% 80% 74%

≤ High school 34% 25% 20% 20% 26%

Smoking, pack-years 31.8 ± 26.3 30.0 ± 21.6 33.5 ± 30.4 32.5 ± 28.8 31.1 ± 24.0

Apnea-hypopnea index, events/h 5.1 ± 3.4 5.5 ± 3.3 4.7 ± 3.4 5.3 ± 3.4 5.0 ± 3.4

Baseline SaO2, % 93.4 ± 2.7 93.1 ± 2.6 93.6 ± 2.8 93.2 ± 2.9 93.5 ± 2.5

Inhaled beta-agonist, % 82.41% 80% 83% 84% 82%

Oral beta-agonists, % 100% 100% 98% 100% 99%

Inhaled glucocorticoid, % 51.85% 56% 46% 53% 52%

Inhaled anticholinergic, % 49.07% 45% 60% 45% 49%

Data are presented as mean ± SD unless otherwise indicated. BMI = body mass index, CBT-I = cognitive behavioral therapy for insomnia, COPD-ED = chronic
obstructive pulmonary disease education, FEV1 = forced expiratory volume in 1 second, FVC = forced vital capacity, SaO2 = arterial oxygen saturation,
SD = standard deviation.

Table 2—Descriptive statistics for outcomes and presumed mechanisms at baseline.

Mean ± SD Range Potential Range Cronbach’s Alpha

Insomnia Severity (ISI) 15.9 ± 4.4 6–27 0–28 0.80

Wake after Sleep Onset (minutes) (WASO) 72.1 ± 32.9 17–170 N/A N/A

Sleep Efficiency (%) (SE) 74.2 ± 10.3 39–90 0–100 N/A

CRQ Fatigue Level (CRQF, lower score =more
fatigue)

3.7 ± 1.1 1–6 1–7 0.85

CRQ Dyspnea level (CRQD, lower
score = worse dyspnea)

4.4 ± 1.4 1–7 1–7 0.86

CRQ Emotional Function (CRQEF, lower
score = worse emotional function)

4.4 ± 1.2 1.0–6.7 1–7 0.89

Dysfunctional Beliefs and Attitudes about Sleep
(DBAS, lower score = less dysfunctional
beliefs about sleep)

4.4 ± 1.5 1.2–7.9 0–10 0.92

Self-Efficacy for Sleep (SES, lower score = less
confident about sleep)

23.4 ± 6.7 9–45 9–45 0.79

Self-Efficacy for COPD (COPDSE, lower
score =more confident in managing
breathing)

101.7 ± 25.1 39–163 34–170 0.96

Difference for COPD-ED (yes, no), Insomnia Severity, P = .0078. COPD = chronic obstructive pulmonary disease, COPD-ED = COPD education,
CRQ =Chronic Respiratory Disease Questionnaire, ISI = Insomnia Severity Index, N/A = not applicable, SD = standard deviation.

M Kapella, A Steffen, B Prasad, et al. Therapy for insomnia with COPD

Journal of Clinical Sleep Medicine, Vol. 18, No. 12 2768 December 1, 2022



hypothesized mediators including COPDSE, SES, DBAS, and
CRQEF.8 Model results are presented in Table 5.

Models 1–4 present the mediated effects on insomnia severity
and 5–8 are the mediated effects on fatigue. Generally, the effects
of CBT-I were greater on SES, DBAS, and CRQEF; the effect of
COPD-ED was greater for COPDSE; and the combined compo-
nents resulted in attenuated effects. The treatment component
effects on mediators (“a” paths) show significant effects for
both COPD-ED and CBT-I on DBAS with (nonsignificant)

attenuation when components are given together. CBT-I has a
significant effect on CRQEF, while COPD-ED and the attenua-
tion from the combined components is marginally significant
(P < .10). The mediator effect paths (“b” paths) were highly sig-
nificant for nearly every mediator predicting both insomnia
severity and fatigue. The 1 exception was that DBAS was not
related to fatigue. A significant indirect mediation effect was
observed for the impact of CBT-I on ISI through DBAS,
accounting for 22% of CBT-I’s total effect on insomnia severity.

Table 3—Baseline scores and change for four outcomes by treatment components: COPD-ED and CBT-I.

Insomnia Severity Index CRQ Fatigue WASO Sleep Efficiency

Y N Y N Y N Y N

COPD-ED

Baseline 17.0 14.8 3.6 3.9 74.5 68.8 73.8 74.9

Change at post-test 24.8 23.3 0.5 0.4 27.2 22.4 1.9 2.7

Change at follow-up 25.1 24.9 0.6 0.6 26.2 20.8 3.3 1.3

CBT-I

Baseline 16.0 15.8 3.8 3.7 76.8 66.5 72.7 76.0

Change at post-test 25.8 22.2 0.6 0.4 213.1 3.5 4.5 0.1

Change at follow-up 26.8 23.3 0.7 0.4 213.3 6.2 4.5 0.1

Sleep efficiency (actigraphy), n = 101. Bold = P < .05. Numbers are model-based least-square means adjusted for treatment components, time, and their
interaction. Participants who received CBT-I are compared with those who did not receive it and participants who received COPD-ED are compared with those
who did not receive it. We observed a baseline difference where those receiving COPD-ED had more severe insomnia (17) than those who did not (14.8),
despite randomization. There were no other statistically significant differences between those who received COPD-ED and those who did not for all outcomes
at baseline, and the change observed at post-test and follow-up. CBT-I = cognitive behavioral therapy for insomnia, COPD-ED = chronic obstructive pulmonary
disease education, CRQ, Chronic Respiratory Disease Questionnaire, N = no, WASO =wake after sleep onset (actigraphy), Y = yes.

Table 4—Models of 4 outcomes regressed on treatment components, time, and their interaction.

Insomnia Severity Fatigue Level WASO SE Dyspnea

b P b P b P b P b P

Intercept 15.89 <.0001 3.72 <.0001 71.64 <.0001 74.37 <.0001 4.42 <.0001

COPD-ED 1.11 .01 20.14 .17 2.88 .38 20.53 .61 0.02 .87

CBT-I 0.13 .75 0.05 .65 5.18 .12 21.65 .11 20.26 .07

COPD-ED 3 CBT-I 20.84 .04 0.08 .42 2.55 .44 20.30 .77 20.11 .41

Baseline 0.00 — 0.00 — 0.00 — 0.00 — 0.00 —

Post-test 24.03 <.0001 0.45 <.0001 24.84 .06 2.31 <.0001 0.38 <.0001

Follow-up 25.05 <.0001 0.59 <.0001 23.54 .20 2.29 <.0001 0.44 .0004

COPD-ED 3 baseline 0.00 — 0.00 — 0.00 — 0.00 — 0.00 —

COPD-ED 3 post-test 20.74 .12 0.03 .72 22.41 .34 20.44 .54 0.09 .31

COPD-ED 3 follow-up 20.10 .83 20.03 .73 22.69 .32 0.97 .17 20.11 .34

CBT-I 3 baseline 0.00 — 0.00 — 0.00 — 0.00 — 0.00 —

CBT-I 3 post-test 21.80 <.001 0.10 .27 28.30 <.001 2.23 <.001 0.11 .21

CBT-I 3 follow-up 21.77 <.001 0.16 .09 29.78 <.001 2.21 <.001 0.21 .09

COPD-ED 3 CBT-I 3 baseline 0.00 — 0.00 — 0.00 — 0.00 — 0.00 —

COPD-ED 3 CBT-I 3 post-test 0.91 .06 20.14 .12 21.40 .58 20.14 .84 20.15 .08

COPD-ED 3 CBT-I 3 follow-up 1.56 <.001 20.21 .02 3.80 .16 21.84 .01 20.13 .26

Components (COPD-ED and CBT-I) were effect coded (21, 1). Bold = P < .05. AC = attention control, CBT-I = cognitive behavioral therapy for insomnia,
COPD-ED, chronic obstructive pulmonary disease education, SE = actigraphy sleep efficiency, WASO = actigraphy wake after sleep onset.
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DISCUSSION

This is the largest study to date designed to examine the effi-
cacy of CBT-I and COPD-ED on insomnia and fatigue in

patients with concurrent COPD and insomnia. The study has 3
major findings. First, contrary to our hypothesis, the combina-
tion of CBT-I and COPD-ED is not superior to each interven-
tion on its own in decreasing insomnia and fatigue. Second,

Figure 2—Mediation model.

CBT-I = cognitive behavioral therapy for insomnia, COPD-ED = chronic obstructive pulmonary disease education.

Figure 3—Changes in insomnia severity (A), sleep (B), fatigue (C), and dyspnea (D).
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CBT-I produces significant and sustained decreases in insomnia
and clinical improvements in fatigue and dyspnea. Finally,
changes in behavior and attitudes toward sleep associated with
CBT-I are potential mechanisms through which this nonphar-
macological intervention improves insomnia.

Although the benefits of CBT-I have been documented in
other patient populations, its benefits have been investigated in
only our pilot study and one other study conducted by Rybarc-
zyk and colleagues38 with a sample of 17 participants with
COPD. Our results augment theirs showing that, in addition to

Table 5—Mediation models.

Model
Treatment
Component

(Action Theory)
(Conceptual
Theory)

Total Effect
(a 3 b + c)

(Mediation)

Path a Path b Indirect Effect

Outcome-> COPD Self-Efficacy Insomnia Severity Insomnia Severity

1. COPD Self-Efficacy and
Insomnia Severity

COPD-ED 26.2 (4.4) 0.08 (0.03)* 21.8 (1.3) 20.49 (0.39)

CBT-I 22.7 (4.2) 24.7 (1.2)* 20.22 (0.35)

COPD-ED 3 CBT-I 5.9 (6.1) 2.6 (1.7) 0.47 (0.52)

Outcome-> Sleep Self-Efficacy Insomnia Severity Insomnia Severity

2. Sleep Self-Efficacy and
Insomnia Severity

COPD-ED 0.97 (1.8) 20.47 (0.06)* 21.5 (1.3) 20.46 (0.84)

CBT-I 2.2 (1.7) 24.5 (1.2)* 21.0 (0.82)

COPD-ED 3 CBT-I 20.31 (2.4) 2.1 (1.8) 0.14 (1.1)

Outcome->

Beliefs and
Attitudes about

Sleep Insomnia Severity Insomnia Severity

3. Beliefs and Attitudes about
Sleep and Insomnia Severity

COPD-ED 20.75 (0.35)* 1.2 (0.35)* 22.0 (1.3) 20.90 (0.49)

CBT-I 20.88 (0.33)* 24.8 (1.2)* 21.05 (0.50)*

COPD-ED 3 CBT-I 0.64 (0.48) 2.7 (1.8) 0.77 (0.62)

Outcome->
CRQ Emotional

Function Insomnia Severity Insomnia Severity

4. CRQ Emotional Function and
Insomnia Severity

COPD-ED 0.37 (0.21) 21.9 (0.57)* 21.8 (1.3) 20.72 (0.46)

CBT-I 0.45 (0.21)* 25.0 (1.2)* 20.87 (0.47)

COPD-ED 3 CBT-I 20.56 (0.29) 2.5 (1.8) 1.1 (0.65)

Outcome-> COPD Self-Efficacy Fatigue Fatigue

5. COPD Self-Efficacy and CRQ
Fatigue

COPD-ED 26.2 (4.4) 20.01 (0.001)* 0.16 (0.23) 0.07 (0.06)

CBT-I 22.7 (4.2) 0.44 (0.22)* 0.03 (0.05)

COPD-ED 3 CBT-I 5.9 (6.1) 20.43 (0.31) 20.07 (0.08)

Outcome-> Sleep Self-Efficacy Fatigue Fatigue

6. Sleep Self-Efficacy and CRQ
Fatigue

COPD-ED 0.97 (1.8) 0.03 (0.01)* 0.18 (0.23) 0.03 (0.05)

CBT-I 2.2 (1.7) 0.46 (0.22)* 0.07 (0.06)

COPD-ED 3 CBT-I 20.31 (2.4) 20.42 (0.31) 20.01 (0.07)

Outcome->

Beliefs and
Attitudes about

Sleep Fatigue Fatigue

7. Belief and Attitudes about
Sleep and CRQ Fatigue

COPD-ED 20.75 (0.35)* 20.09 (0.06) 0.29 (0.22) 0.07 (0.06)

CBT-I 20.88 (0.33)* 0.51 (0.21)* 0.08 (0.06)

COPD-ED 3 CBT-I 0.64 (0.48) 20.58 (0.31) 20.06 (0.06)

Outcome->
CRQ Emotional

Function Fatigue Fatigue

8. CRQ Emotional Function and
CRQ Fatigue

COPD-ED 0.37 (0.21) 0.44 (0.10)* 0.18 (0.23) 0.16 (0.10)

CBT-I 0.45 (0.21)* 0.49 (0.22)* 0.20 (0.10)

COPD-ED 3 CBT-I 20.56 (0.29) 20.46 (0.31) 20.25 (0.14)

All models are adjusted for baseline measures of the mediator and outcome. Cell values are parameter estimate (standard error). *P < .05. Italic: P < .10.
-> = effects on variables in columns to the right, CBT-I = cognitive behavioral therapy for insomnia, COPD-ED = chronic obstructive pulmonary disease
education, CRQ = Chronic Respiratory Disease Questionnaire.
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self-report measures of insomnia and sleep, objectively mea-
sured sleep improved in patients after CBT-I compared with
patients treated with a COPD-specific active intervention. Our
results also add COPD-related evidence to findings of studies
that tested CBT-I against active and contact control conditions
and found sustained, positive effects on outcomes in other
chronic medical or psychiatric conditions.39,40 We found supe-
riority of CBT-I over the COPD-ED in patients with COPD at
post-treatment and that the combination of both treatment
components may actually reduce long-term effectiveness.
Additionally, our findings add new evidence that changes in
sleep-related beliefs (DBAS) mediate the decrease in insomnia
in patients with COPD who receive CBT-I and evidence sug-
gesting a clinically important improvement in dyspnea for those
who received either CBT-I or COPD-ED.

Consistent with our pilot work, we found positive treatment-
related effects of the CBT-I intervention on severity of insom-
nia, WASO, and SE.7 However, the magnitude of improvement
was less in the current study than in our previous pilot study. A
possible explanation for the difference is that, unlike the pilot
study, the factorial study design controlled for attention and
allowed for examination of interactions among the components
on the outcomes. Another reason could be that the current study
included more women than the pilot study, which may have
affected the results. Women with COPD likely experience con-
current symptoms differently than men. Investigators have
reported differences between men and women in responses to
CBT-I that could be attributed to physiological, psychological,
and situational dissimilarities.41,42 Additional research is
needed to further understand sex-related effects of interventions
for insomnia on persons with chronic conditions.

Findings of this study add to those of Parsons and col-
leagues43 who found a significant effect of CBT-I on insomnia
severity through DBAS in their meta-analysis of mediators of
change. We found that, in addition to sleep-related beliefs
(DBAS), self-efficacy for sleep (SES), self-efficacy for COPD
(COPDSE), and self-reported emotional arousal experienced in
the previous 2 weeks (CRQEF) were highly significant predict-
ing both insomnia severity and fatigue. This finding supports
the possibility that these constructs relate to the outcomes.
Future investigations will need to address the effects of enhanc-
ing self-efficacy and addressing anxiety and depressed mood on
insomnia and fatigue. Parsons et al43 also examined arousal-
related mediators and found a partial mediation effect of
arousal, while ours did not. These differences could be related
to differences in sample size that could have limited our ability
to detect fatigue-related significance. In addition, to quantify
the emotional arousal experienced in the previous 2 weeks we
used the CRQEF. This is an instrument that includes both anxi-
ety and depression questions to measure arousal, whereas the
studies in the meta-analysis of Parsons et al43 used primarily
anxiety/worry/rumination measures.

Our results augment the understanding of how treatments
affect fatigue levels in COPD. Although fatigue levels margin-
ally decreased only from baseline to follow-up in patients who
received CBT-I, the decrease was clinically important. In addi-
tion, results revealed that patients receiving CBT-I + COPD-
ED had an attenuated effect, suggesting the combination of

both treatment components reduces CBT-I’s effectiveness on
fatigue and refuting our hypothesis that the combination of
CBT-I and COPD-ED is superior to each intervention on its
own. It is possible that combining CBT-I and COPD-ED limits
the focus on each intervention, lessening effects on outcomes.
Also, participants continued to have poor sleep that could have
contributed to continued fatigue. Results suggest that fatigue
was most improved long term for the CBT-I–only group. This
could be related to a lasting effect of CBT-I on mediators of the
change in insomnia, including beliefs and attitudes about sleep,
self-efficacy, and emotional function, which were also associ-
ated with fatigue levels. Our findings are in line with a meta-
analysis of 47 studies of insomnia therapy by Ballesio et al44

who found that CBT-I administered individually has a role in
symptom management, but not specifically on fatigue. Our
results are also consistent with others who found that fatigue
decreased from pretest to post-test CBT-I in adults with other
chronic medical conditions.44 The decrease in fatigue did not
reach statistical significance in our study of patients with
COPD, which could be attributed to our sample size, as well as
differences in study design, measures, and participant charac-
teristics, such as other condition-specific symptoms.

We reason that our finding that the success of insomnia
treatment may be related to decreases in a clinically important
symptom of COPD, dyspnea, merits further investigation.
Considering that dyspnea is the most common and distressing
symptom experienced by patients with COPD, it is noteworthy
that CBT-I and COPD-ED treatments were associated with a
clinically important decrease in dyspnea measured with the
CRQD. A possible explanation for the decrease in dyspnea in
the CBT-I and COPD-ED groups is that patients with COPD
and insomnia may have altered their perception of dyspnea.
Previous studies found differences between patients with
COPD and healthy controls in the perception and processing
of respiratory sensations in the prefrontal cortex, an area of the
brain associated with sleep.45–47 Klumpp et al48 reported that,
in anxious or depressed patients, worse sleep measured by the
Pittsburgh Sleep Quality Index and actigraphy corresponded
with less activation in the dorsal anterior cingulate cortex, an
area of the brain commonly associated with dyspnea and
pain.49 Our findings draw attention to a need for further
research on how interventions to improve sleep and minimize
fatigue may also affect other symptoms associated with
COPD.

Strengths and limitations
This study has several strengths. We enrolled participants with
concurrent COPD and insomnia that allowed us to examine
intervention components in persons with both conditions. Char-
acteristics of the sample, comprising 36% women and over
70% Black participants, increased the likelihood that findings
can be generalized to a variety of people with COPD. We used
an efficient factorial study design that allowed us to test the 2
factors alone and combined, as well as to examine additional
variables of interest. Our therapists were trained in CBT-I,
COPD-ED, and AC and conducted all sessions, limiting thera-
pist bias on effects.
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The following limitations must be considered. Over 75% of
participants had mild or moderate COPD. Whether patients with
severe or very severe COPD would respond to CBT-I and
COPD-ED similar to patients with mild or moderate COPD
remains to be determined. We also had a lack of power, which
may have reduced the ability to detect a true effect in secondary
outcomes. In addition, patients randomized to COPD-ED + AC
had worse (but moderate) insomnia (ISI 17.0) than patients not
randomized to COPD-ED + AC (ISI 14.8) at baseline, which
could have affected our results. In addition, as more than half of
the participants underwent a screening sleep study at home (home
sleep apnea test), it is possible that some with periodic limb
movements or those whose apnea-hypopnea index may have
been underestimated by a home sleep apnea test may have been
included in the study. Finally, the dropout rate was greater among
patients with severe COPD and those randomized to COPD-ED +
AC than in patients randomized to the other 3 groups. The most
common reason given for dropout was lack of interest followed by
lack of time. Insomnia therapy conducted remotely could make it
much easier for patients to complete the therapy sessions.

The 3 main conclusions of this study are as follows. First,
contrary to our hypothesis, the combination of CBT-I and
COPD-ED is not superior to each intervention on its own in
decreasing insomnia and fatigue in patients with concurrent
COPD and insomnia. Second, in these patients, CBT-I produces
significant and sustained decreases in insomnia and clinical
improvements in fatigue and dyspnea. Finally, changes in
behavior and attitudes toward sleep associated with CBT-I are
potential mechanism through which this nonpharmacological
intervention improves insomnia.

ABBREVIATIONS

AC, attention control
CBT-I, cognitive behavioral therapy for insomnia
COPD, chronic obstructive pulmonary disease
COPD-ED, COPD education
COPDSE, self-efficacy for COPD
CRQ, Chronic Respiratory Disease Questionnaire
CRQD, Chronic Respiratory Disease Questionnaire Dyspnea
CRQEF, Chronic Respiratory Disease Questionnaire Emotional

Function
CRQF, Chronic Respiratory Disease Questionnaire Fatigue
DBAS, Dysfunctional Beliefs and Attitudes about Sleep

Questionnaire
GOLD, Global Initiative for Chronic Obstructive Lung Disease
ISI, Insomnia Severity Index
SE, sleep efficiency
SES, Self-Efficacy Scale
UIC, University of Illinois at Chicago
WASO, wake after sleep onset
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