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Abstract

Study Objectives: To investigate treatment models using cognitive behavioral therapy for insomnia (CBT-I) and positive airway pressure (PAP) for people with
obstructive sleep apnea (OSA) and comorbid insomnia.

Methods: 121 adults with OSA and comorbid insomnia were randomized to receive CBT-I followed by PAP, CBT-I concurrent with PAP, or PAP only. PAP was delivered
following standard clinical procedures for in-lab titration and home setup and CBT-I was delivered in four individual sessions. The primary outcome measure was
PAP adherence across the first 90 days, with regular PAP use (24 h on >70% of nights during a 30-day period) serving as the clinical endpoint. The secondary outcome
measures were the Pittsburgh Sleep Quality Index (PSQI) and Insomnia Severity Index (ISI) with good sleeper (PSQI <5), remission (ISI <8), and response (ISI reduction
from baseline >7) serving as the clinical endpoints.

Results: No significant differences were found between the concomitant treatment arms and PAP only on PAP adherence measures, including the percentage of
participants who met the clinical endpoint. Compared to PAP alone, the concomitant treatment arms reported a significantly greater reduction from baseline on the
ISI (p = .0009) and had a greater percentage of participants who were good sleepers (p = .044) and remitters (p = .008). No significant differences were found between
the sequential and concurrent treatment models on any outcome measure.

Conclusions: The findings from this study indicate that combining CBT-I with PAP is superior to PAP alone on insomnia outcomes but does not significantly improve
adherence to PAP.

Statement of Significance

Obstructive sleep apnea (OSA) and insomnia frequently co-occur in patients presenting to sleep medicine clinics. Although positive airway pressure (PAP) has
demonstrated efficacy for the treatment of OSA, adherence to PAP therapy is suboptimal and comorbid insomnia is associated with poor PAP adherence. This
study found that using cognitive behavioral therapy for insomnia (CBT-I) in addition to PAP for people with OSA and comorbid insomnia was superior to PAP alone
in terms of reducing insomnia symptoms but did not improve PAP adherence. These findings demonstrate that CBT-I concomitant with PAP can be effective in
treating insomnia. However, some patients with comorbid insomnia and OSA may require additional interventions to optimize PAP adherence.
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Introduction

Obstructive sleep apnea (OSA) is a sleep-related breathing
disorder that affects about 10%-20% of adults [1]. The recom-
mended treatment for OSA is positive airway pressure (PAP)
that has demonstrated efficacy for improving sleep continuity
and daytime functioning [2]. Unfortunately, adherence to PAP
is often suboptimal with only about 30%-50% of patients using
PAP for at least 4 h per night [3, 4]; although a recent big-data
analysis using electronic clinic data reported higher rates of
around 75% [5]. The Centers for Medicare & Medicaid Services
(CMS) implemented a policy in 2009 mandating that a patient
must achieve regular PAP use, defined as PAP use at least 4 h
per night on 70% of nights during a consecutive 30-day period
within the first 3 months of initial usage, otherwise continued
coverage of the PAP device and related accessories is denied.
Therefore, it is critical to identify barriers to regular use of
PAP or patients might lose access to an efficacious treatment
for OSA.

In the context of OSA, insomnia is a common comorbid
sleep disorder that adds significant morbidity and creates clin-
ical challenges in the management of OSA. The co-occurrence
of OSA and insomnia is common, with a prevalence between
18% and 42% depending on the diagnostic criteria for insomnia
[6]. People with OSA and insomnia have been found to have
increased medical (e.g. cardiometabolic conditions) and psy-
chiatric morbidity (e.g. mood disorders, PTSD) and worse
daytime functioning relative to each condition alone [7-15].
Traditionally, the approach in sleep medicine has been to diag-
nose and treat OSA and insomnia separately. One of the limita-
tions of only treating OSA is that residual insomnia symptoms
remain a problem [16], particularly sleep-onset difficulties [17,
18]. Furthermore, untreated insomnia among people with OSA
might lead to poor PAP acceptance and adherence and this has
been demonstrated in several studies across different coun-
tries and settings [17, 19-23]. Therefore, effective treatment of
comorbid insomnia could potentially lead to improvements in
PAP acceptance, adherence, and other associated treatment
outcomes.

Studies examining the impact of a concomitant treatment
approach for OSA and insomnia are providing new evidence,
which could shift the paradigm of treating each condition
separately. Cognitive behavioral therapy for insomnia (CBT-
I) has emerged as the recommended treatment for insomnia
disorder and has demonstrated efficacy for the treatment of
comorbid insomnia [24]. A few studies have now examined the
combination of CBT-I and PAP for patients with OSA and in-
somnia. Krakow et al. [25] used a sequence of CBT-I followed
by OSA treatment (PAP, oral appliance, or surgery) on 17 pa-
tients and found that only 47% reported clinically significant
improvements after CBT-I while 88% reported clinically sig-
nificant improvements after receiving both CBT-I and an OSA
treatment. Interestingly, the authors reported that many pa-
tients were not initially interested in or ready for OSA treat-
ment following diagnosis, despite knowledge of the benefits
of OSA treatment. Unfortunately, the study design was het-
erogeneous to OSA treatment and did not include objective
measures of PAP adherence, making it difficult to determine
the impact of CBT-I on OSA outcomes. Sweetman et al. [26]
conducted a randomized controlled trial using a four-session
CBT-I versus treatment as usual control prior to receiving

PAP treatment in 145 patients with OSA and insomnia. They
found that those in the CBT-I group had better nightly PAP use
and higher initial PAP acceptance compared to PAP without
CBT-I. In addition, those who received CBT-I showed greater
improvements in global insomnia severity. However, it is un-
known if a treatment sequence with concurrent initiation of
CBT-I with PAP could be more efficient and possibly be more
effective. Recent work from our group has focused on imple-
mentation strategies for CBT-I and PAP in a multidisciplinary
sleep clinic [27]. Using a mixed-methods approach to examine
the process of care for patients with OSA and comorbid in-
somnia, we found that patients generally preferred to receive
both CBT-I and PAP but there was uncertainty about the op-
timal timing of initiating insomnia treatment [28].

The purpose of this study was to investigate the impact of
concomitant treatments using CBT-I and PAP for people with
OSA and comorbid insomnia. The primary aim was to determine
the efficacy of the concomitant treatment approach compared
to the standard approach of PAP alone on PAP adherence and
insomnia symptoms. The secondary aim was to determine if the
sequence of concomitant treatments (CBT-I prior to PAP vs CBT-I
concurrent with PAP) provided any advantage on treatment out-
comes. It was hypothesized that compared to PAP alone, the
concomitant treatment approach would improve adherence to
PAP during the first 90 days of use and improve self-reported
measures of insomnia symptoms from baseline to the study
endpoint. Additionally, it was hypothesized that CBT-I adminis-
tered before PAP would yield the best outcomes.

Methods
Overall study design and rationale

This study was a three-arm randomized controlled trial using a
partial factorial design conducted at two sites (Rush University
Medical Center and Northwestern University Feinberg School
of Medicine). Each study arm consisted of two phases (see
Supplementary Figure S1). Arm A consisted of CBT-I in Phase
I followed by PAP in Phase II and was designed to test the im-
pact of treating insomnia prior to the initiation of PAP (i.e. se-
quential treatment model). Arm B consisted of self-monitoring
in Phase I followed by concurrent CBT-I and PAP in Phase II and
was designed to test the impact of treating insomnia concur-
rent with the initial use of PAP at home (i.e. concurrent treat-
ment model). Arm C consisted of self-monitoring in Phase I,
followed by PAP alone in Phase II and was designed to test the
impact of current standard care for OSA without direct interven-
tion on insomnia (i.e. standard treatment model). The selection
and timing of interventions and assessments were designed to
mimic standard clinical procedures to enhance generalizability.
Further details about each study intervention and assessments
are provided below. Further details on the design can be found
in the work of Crawford et al. [29].

Participants

Participants were recruited between February 2013 and April
2018 using advertisements posted at each site, advertisements
posted in public transportation (both buses and trains), ad-
vertisements using community bulletin boards, referrals from
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clinics at each site, and word of mouth from participants.
Inclusion criteria were adults aged 18 and older who met the
International Classification of Sleep Disorders, Version 2 [30]
criteria for OSA and insomnia disorder. Specific criteria for OSA
include an Apnea-Hypopnea Index (AHI) at least 5 on full-night,
in-lab baseline polysomnography (PSG) and at least one of the
following clinical symptoms: daytime sleepiness or fatigue,
unrefreshing sleep, gasping, choking, or holding the breath at
night, witnessed apneas or loud snoring. Specific criteria for in-
somnia disorder include a complaint lasting at least 3 months
of difficulty initiating sleep, maintaining sleep, or waking too
early, despite adequate opportunity and circumstances for
sleep, coupled with at least one area of significant daytime
impairment or distress. Additionally, participants had to re-
port sleep-onset latency or wake after sleep onset more than
30 min, at least three nights per week using 1 week of a pro-
spective sleep diary. Exclusion criteria included (1) acute severe
psychiatric condition or suicidal ideation requiring immediate
treatment, (2) comorbid sleep disorder requiring treatment
outside of the study protocol (e.g. central sleep apnea, narco-
lepsy), (3) severe OSA requiring immediate treatment, defined
as AHI more than 100 or arterial oxygen saturation (Sa0,) less
than 80% for more than 10% of total sleep time, as recom-
mended by the Data and Safety Monitoring Board for this study,
(4) active use of sedative-hypnotics, (5) severe excessive day-
time sleepiness (defined by an Epworth Sleepiness Scale [ESS]
score greater than 16, or a score of 3 [high chance] on the ESS
question about the risk of dozing “In a car, while stopped for
a few minutes in traffic” or evidence of excessive sleepiness
while operating a motor vehicle), (6) use of CBT-I or PAP within
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6 months prior to screening, and (7) unstable living environ-
ment to support PAP setup and use.

A three-step screening process was employed that consisted
of (1) a brief telephone screen for preliminary eligibility, (2) an
in-person assessment including a physical examination and
review of medical history, the Structured Diagnostic Interview
for DSM-IV [31], and the Duke Structured Interview Schedule
for Sleep Disorders [32] to evaluate for exclusion criteria, and (3)
overnight technologist-monitored in-laboratory PSG to evaluate
the presence of OSA. Each PSG record was scored by a Registered
PSG Technologist following the American Academy of Sleep
Medicine Manual for the Scoring of Sleep and Associated Events
[33]. Written informed consent was obtained from all partici-
pants at the beginning of the in-person interview. The study was
approved by the local IRB at both sites. See Figure 1 for the study
flow diagram.

Procedures

All eligible participants were randomized to one of three study
arms. The randomization scheme was created by the biostatis-
tician in random size blocks of 3 or 6 and stratified by OSA se-
verity using AHI at least 5 and less than 15 for mild OSA and AHI
at least 15 for moderate-to-severe OSA. The technologist scoring
the PSG and the durable medical equipment (DME) company
staff who set up the PAP machines were blinded to treatment
assignment to minimize potential bias. Additionally, the ran-
domization schedule was concealed for the research staff mem-
bers involved in the screening process until the participant was
deemed eligible and had to be notified of their randomization.

Assessed for eligibility (n= 1307)

Enrollment

Excluded (n= 1186)
+ Not meeting study criteria (n=707)

¢ Declined to participate, lost contact before
completing screening (n=479)

Randomized (n= 121)

Allocation

\4

A4

Allocated to Arm A (n=41)

Allocated to Arm B (n=39)

Allocated to Arm C (n=41)

+ Excluded from analysis post randomization (n=3)
Central sleep apnea on PAP titration (n=2)
Withdrew with data removed (n=1)

Follow Up

A 4

Lost to follow-up (n=3)
Dropped out in Phase 1 (n=1)
Dropped out in Phase 2 (n=2)

Lost to follow-up (n=5)
Dropped out in Phase 1 (n=5)

Lost to follow-up (n=5)
Dropped out in Phase 1 (n=3)
Dropped out in Phase 2 (n=2)

Analysis

<

Analyzed (n=41) Analyzed (n= 39)

Analyzed (n= 38)

Figure 1. The CONSORT flow diagram depicting participant flow. In Arm A, Phase I consisted of 4 weeks (28 days) of CBT-I and in Arms B and C, Phase I consisted of 4
weeks (28 days) of sleep diary monitoring. For all Arms, Phase II consisted of PAP therapy for 90 days.
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Study interventions

Cognitive behavioral therapy for insomnia

The protocol for CBT-I consisted of four weekly individual
sessions (approximately 50 min each) delivered by a trained
therapist (doctoral-level student, postdoctoral fellow, or staff
sleep psychologist) under the supervision of a clinical psych-
ologist certified in Behavioral Sleep Medicine (JCO). Standard
CBT-I components were used including sleep restriction [34],
stimulus control [35], sleep hygiene [36], and cognitive strat-
egies to reduce sleep-related arousal [37]. During the course
of CBT-I, the therapist was not allowed to discuss instructions
for OSA treatments (e.g. PAP adherence). CBT-I was delivered
during Phase I for Arm A (prior to the start of PAP therapy) and
during Phase II for Arm B (concurrent with the start of PAP
therapy).

Positive airway pressure

The protocol for PAP therapy in all three arms followed the
standard of care procedures recommended by the American
Academy of Sleep Medicine [38]. The prescribed pressure or
pressure range was determined based on a standardized over-
night PAP titration study [39] at Assessment 2 and reviewed by
a board-certified sleep physician. An order with the prescribed
pressure, size, and type of mask (e.g. nasal masks, full face
masks, or nasal pillows), and any other patient-specific instruc-
tions (e.g. humidification) was then sent to a DME company for
a home setup. The DME contacted each participant to schedule
an in-home setup using a standard PAP machine designated for
this study (Philips Respironics CPAP/Auto CPAP Model 460 and
560). One week after receiving the PAP machine, participants
were contacted by the research staff to verify the initiation of
PAP treatment, as well as discuss any initial issues related to
the PAP equipment. Subsequently, any issues related to PAP use
(e.g. mask discomfort necessitating mask exchange) that were
reported by participants to the research staff were discussed
with the study physician and recommendations were provided
as needed. In some cases, the DME company would schedule
an in-home visit to replace or provide new equipment or sup-
plies. However, no specific interventions for insomnia or PAP
adherence (e.g. desensitization, motivational techniques) were
discussed as part of these interactions related to PAP therapy.
Participants were provided with a 90-day period to use PAP
therapy with assessments occurring 30 days (Assessment
3) and 90 days (Assessment 4) after initiation. At the 90-day as-
sessment, participants were asked to return the PAP machine
to the research team and efforts were made to transition the
participant to long-term care at a sleep center to continue with
long-term PAP therapy as part of standard care. The initiation of
PAP therapy began at Phase II for all three arms.

Sleep self-monitoring

Sleep self-monitoring condition consisted of completing 4 weeks
of sleep diaries that were reviewed weekly by study staff. No
therapeutic intervention was introduced during the monitoring
condition. This condition has been used previously as a control
condition in previous research [40] and allows for the control of
contextual factors such as therapist contact and self-monitoring
of sleep, which itself has been reported to yield changes in sleep
[41, 42]. The sleep self-monitoring was used during Phase I for
Arm B and Arm C.

Outcome measures

PAP adherence

Adherence data for PAP were obtained from the memory card
that is integrated into the PAP machines at Assessments 3 and
4. The percent of days using PAP and the average hours of use
per night were used as the primary outcome measure. In add-
ition, the CMS criteria for regular PAP use defined as PAP use
at least 4 h on at least 70% of nights during a 30-day window
within the first 90 days was used as a clinical endpoint for OSA
treatment outcomes.

Pittsburgh Sleep Quality Index

The PSQI is a 19-item self-report measure of sleep quality and
sleep disturbances over the past month [43]. Each item is scored
on a 0-3 scale. Items are combined to yield seven component
scores addressing different sleep domains and the component
scores are added to yield a global sleep quality score. A PSQI
cutoff score of less than 5 was used to determine the clinical
endpoint of good sleepers.

Insomnia Severity Index

The ISIis a brief seven-item scale that assesses nocturnal and
daytime symptoms of insomnia over the past week. It has
been used as both a screening and outcome measure in treat-
ment research [44, 45] and has adequate internal consistency
with evidence supporting concurrent, predictive, and content
validity [44]. In addition to the total score, we also used val-
idated cutoff scores to determine clinical endpoints for the
minimally important treatment response (ISI total score re-
duction from baseline >7 points) and remission (ISI total score
<8) [44, 46].

Data analyses

All analyses were conducted using SAS version 9.4 (SAS
Institute, Inc., Cary, NC, 2013). Modified intent-to-treat analyses
were conducted on 118 of the 121 participants randomized,
excluding two participants who had central sleep apnea dis-
covered at the PAP titration (A2) and one participant who re-
quested to have all data removed upon withdrawal from the
study. A two-tailed .05 significance level was used for all statis-
tical tests. A preliminary review of the distribution of the data
revealed a non-normal distribution for PAP adherence data. As
a result, non-parametric tests were conducted on this outcome
measure. Parametric tests were conducted on other outcome
measures as described below.

For the primary outcome measure, PAP adherence, the
Kruskal-Wallis test with planned contrasts was used to com-
pare the two pooled CBT groups (Arms A and B) with the PAP
alone group (Arm C) on the percentage of nights used during
the first 90 days, the minutes used per night, and the per-
centage of regular PAP users based on the CMS criteria defined
above. Following this analysis, we compared Arm A versus
Arm B to examine the effect of the timing of CBT-I on PAP ad-
herence. For the secondary outcome measure, sleep quality,
linear mixed models (LMM) with planned contrasts (Arms
A and B vs Arm C) over time (A1, A4) were conducted on the
PSQI total score, as well as categorical variables for each scale
as described above. In addition, LMM was conducted on the
ISI to compare all three Arms over time (A1, A2, A3, A4) to



examine the change in insomnia symptoms across each as-
sessment time point from baseline to study endpoint. Helmert
contrasts were conducted with time re-parameterized to in-
form the time point where the velocity changes (i.e. slopes)
were greatest between the treatment arms. Simple effects
were conducted to assess between-group differences at each
assessment [47]. Following these main analyses, exploratory
post hoc analyses were conducted to examine demographic
variables and OSA severity as potential factors related to PAP
adherence.

An a priori power analysis was conducted to estimate the
sample size using a medium effect size (Cohen’s d = .50) based
upon our preliminary work [28], a one-tailed alpha of .05, and a
minimum power estimate of .80. This power analysis revealed
that a sample size of 105 participants with usable data were
needed with 35 per group. To compensate for an anticipated
dropout rate of 25%, the initial recruitment target was set at 140
participants. If data were missing for PAP use (e.g. no data be-
yond 30-day assessment) we assumed missing days as no use
(0 min per day). For missing data on categorical outcomes (PAP
regular use, good sleeper, insomnia remission, and response), we
assumed a negative outcome (i.e. not regular user, poor sleeper,
non-remitter, non-response). This approach to missing data is
based on a conservative assumption that missing data is most

Table 1. Participant Characteristics

Ongetal. | 5

likely associated with a lack of use and a lack of improvement
in symptoms.

Results
Sample characteristics

A total of 121 participants were randomized with intent-to-
treat analyses conducted on 118 participants (see Figure 1).
The overall rate of attrition (no outcome data at the study
endpoint) was 11.0% (n = 13) with no significant differences be-
tween the arms (Arm A = 7.3%, Arm B = 12.8%, Arm C = 13.2%).
Demographic variables are presented in Table 1. The average
age was 50.0 years (SD = 13.1) with a range from 25 to 79 years.
Distribution of sex was 53.4% female and 46.6% male. Over 90%
of the sample was non-Hispanic with 49% identifying as white,
42% as black or African American, 6% as Asian, 2% as more than
one race, and 1% as American Indian or Alaskan Native. About
half the sample was single (52%) and 32% were married. The
majority were employed (64%) with 18% retired and 13% un-
employed. Most participants had an education level above high
school with 31% reporting a graduate degree, 25% reporting a
bachelor’s degree, and 25% reporting some college. There were
no significant differences between the treatment arms on any

Variable (units) Full sample (N=118) Arm A (n=41) Arm B (n = 39) Arm C (n =38) p

Age (M, SD in years) 50.0 13.1 47.7 12.6 53.2 11.1 49.2 15.1 0.15

Gender (n, %) 0.26
Male 55 46.6% 21 51.2% 14 35.9% 20 52.6%

Female 63 53.4% 20 48.8% 25 64.1% 18 47.4%

Race (n, %) 0.35
American Indian/Alaskan Native 1 0.9% 0 0.0% 0 0.0% 1 2.6%

Asian 7 5.9% 3 7.3% 1 2.6% 3 7.9%
Black or African American 50 42.4% 15 36.6% 19 48.7% 16 42.1%
White 58 49.2% 23 56.1% 19 48.7% 16 42.1%
More than one race 2 1.7% 0 0.0% 0 0.0% 2 5.3%

Ethnicity (n, %) 0.86
Hispanic/Latino 11 9.3% 3 7.3% 4 10.3% 4 10.5%
Non-Hispanic/Latino 107 90.7% 38 92.7% 35 89.7% 34 89.5%

Marital status (n, %) 0.24
Married 38 32.2% 14 34.2% 10 25.6% 14 36.8%

Single 61 51.7% 21 51.2% 19 48.7% 21 55.3%
Divorced 14 11.9% 3 7.3% 8 20.5% 3 7.9%
Live-in partner 3 2.5% 1 2.4% 2 5.1% 0 0.0%
Widowed 2 1.7% 4.9% 0 0.0% 0 0.0%

Occupational status (n, %) 0.37

Employed 75 63.6% 28 68.3% 23 59.0% 24 63.2%
Student 4 3.4% 2 4.9% 0 0.0% 2 5.3%
Retired 21 17.8% 5 12.2% 10 25.6% 6 15.8%
Homemaker 2 1.7% 0 0.0% 2 5.1% 0 0.0%
Disabled 1 0.9% 0 0.0% 0.0% 1 2.6%
Unemployed 15 12.7% 6 14.6% 4 10.3% 5 13.2%

Education (n, %) 0.55
Less than high school 3 2.5% 1 2.4% 2 5.1% 0 0.0%

High school or GED 18 15.3% 8 19.5% 5 12.8% 5 13.2%
Some college 29 24.6% 10 24.4% 1 28.2% 8 21.1%
Bachelor’s 30 25.4% 9 22.0% 7 18.0% 14 36.8%
Graduate degree 37 31.4% 13 31.7% 14 35.9% 10 26.3%
Not reported 1 0.9% 0 0.0% 0 0.0% 1 2.6%

OSA severity (n, %) 0.99
Mild 51 43.2% 18 43.9% 17 43.6% 16 42.1%

Moderate to severe 67 56.8% 23 56.1% 22 56.4% 22 57.9%

M = mean; n = number of observations; SD = standard deviation; GED = General Education Development; OSA = obstructive sleep apnea.
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of these demographic characteristics. There were 51 (43%) parti-
cipants who were in the mild OSA category and 67 (57%) in the
moderate-to-severe category.

Data for the diagnostic PSG and PAP titration are provided
in Table 2. There were no significant differences between arms
on sleep parameters (TST, SOL, WASO, NWAK, SE) or respira-
tory parameters (AHI, SpO,, PAP pressure). The average AHI was
23.82 (SD = 20.69) and the average PAP pressure was 9.97 cm H,0
(SD =2.93).

PAP adherence

Planned contrasts revealed no significant differences between
the groups who received CBT-I and PAP (Arms A and B) com-
pared to PAP only (Arm C) on the percentage of nights used,
¥3(1) = .15, p = .7014 (see Table 2). Similarly, no significant dif-
ferences between groups were found on the minutes used per
night y%(1) = .49, p = .4852 (see Table 2). Finally, no significant dif-
ference was found in the planned contrasts on the categorical
outcome of PAP “regular user,” y%(1) = .37, p = .5406, with 34% in
Arm A, 38% in Arm B, and 42% in Arm C (see Figure 2). Analyses
comparing Arms A and B on the variables above revealed no sig-
nificant differences, indicating that the timing of CBT-I initiation
did not yield differences in PAP use.

Insomnia symptoms

On the PSQI total score (see Figure 3), LMM revealed a main effect
over time indicating that sleep quality improved from baseline

Table 2. Diagnostic PSG, PAP Titration, and PAP Adherence

to study endpoint across all treatment arms, F(1, 101) = 153.35,
p < .0001. No significant effects were found on the time x treat-
ment arm interaction, F(1, 101) = .71, p = .4021. On the ISI total
score (see Figure 4), LMM revealed a significant main effect of
time (F[3, 308] = 142.15, p < .0001) and a main effect between
treatment arms (F[2, 308] = 3.17, p = .0434). There was also a sig-
nificant time by treatment interaction, F(6, 308) = 3.89, p = .0009
(see Figure 5). In order to interpret the main effect of time, a
series of Helmert contrasts were used to examine whether sig-
nificant changes in ISI occurred between each time point. These
contrasts revealed that a significant change occurred between
baseline (A1) and start of PAP (A2) for Arm A, F(140) = 36.10,

100%

BRegular Users
. @ Not Regular Users
75% oo
58%

50%

62%
38% 42%

|

Arm B

Percent

34%

|

Arm A

25%

Arm A: CBT—PAP
Arm B: CBT+PAP
Arm C: PAP only

0%
Arm C

Figure 2. Regular use of PAP by treatment arm. The percentage of participants
per arm who were categorized as regular or not regular users based on the clin-
ical endpoint criteria for regular use of PAP defined as use at least 4 h on at
least 70% of nights during a 30-day window within the 90-day study period.
Participants who had missing data were categorized as not regular users.

Full sample Arm A Arm B Arm C
Variable (units) n M SD n M SD n M SD n M SD p
Diagnostic PSG
TST (min) 118 374.01 64.37 41 37392 69.64 39 374.63 56.85 38 37347 6736 0.99
Sleep efficiency (%) 118 79.10 13.13 41 78.99 1340 39 78.48 11.83 38 79.85 14.37  0.90
SOL (min) 118 18.16 2416 41 18.44 2659 39 20.08 29.09 38 15.90 14.24  0.75
NWAK (n) 118 24.70 16.23 41 22.83 13.31 39 22.56 12.53 38 28.92 21.28 0.15
WASO (min) 118 81.35 5494 41 80.24 51.89 39 83.46 4540 38 80.38 67.14  0.96
AHI (events per hour) 118 23.82 20.68 41 21.04 16.15 39 27.17 2554 38 23.38 1949 041
REM AHI 117 33.24 2457 40 27.91 2529 39 36.53 2648 38 35.47 2122 0.24
NREM AHI 118 21.37 2162 41 18.87 1595 39 24.83 27.04 38 20.50 20.79  0.45
SpO, (mean %) 118 95.60 2.68 41 95.93 219 39 95.03 297 38 95.82 2.83 027
PLM arousal index 118 249 10.35 41 1.64 434 39 1.53 412 38 4.38 17.18  0.39
Arousal index 118 28.39 18.78 41 24.69 17.48 39 31.81 2091 38 28.89 17.56  0.23
PAP titration
TST (min) 109  362.32 7329 41 35415 7375 34  369.01 60.43 34  365.47 84.83  0.66
Sleep efficiency (%) 109 79.18 15.03 41 79.64 15.08 34 78.63 13.74 34 79.17 16.55  0.96
SOL (min) 109 17.83 28.09 41 18.24 3217 34 22.69 33.00 34 12.46 13.63  0.30
NWAK (n) 109 21.21 12.52 41 20.54 14.37 34 19.68 9.52 34 23.56 12.77 0.41
WASO (min) 109 76.25 54.34 41 74.53 57.15 34 78.85 53.79 34 75.71 5291 0.92
PAP (cm H,0) 105 9.97 293 39 9.38 267 34 10.45 343 32 10.19 2,60 0.26
PAP adherence (90 days)
Nights use (%) 118 51.87 36.73 41 52.73 3236 39 47.84 38.57 38 55.08 39.71 0.84
Nights >4 h use (%) 118 35.74 35.69 41 33.00 33.37 39 34.84 37.37 38 39.61 36.94 0.82
Average use all nights (min) 118  158.38  148.47 41 14790 137.29 39 151.74 15458 38 176,51 155.81 0.78

n = sample size; M = mean; SD = standard deviation; PSG = polysomnography; TST = total sleep time; SOL = sleep-onset latency; NWAK = number of awakenings;

WASO = wake after sleep onset; AHI = apnea-hypopnea index; REM = rapid eye movement; NREM = non-rapid eye movement; SpO, = peripheral capillary oxygen sat-
uration; PLM = periodic limb movements; PAP = continuous positive airway pressure.
Diagnostic PSG was conducted at Al (baseline), PAP titration conducted at A2 (end of Phase I), PAP adherence is over the first 90 days of use (A4) using an intent-to-
treat analysis. One participant in Arm A did not enter REM on the diagnostic PSG.
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Figure 3. The PSQI at baseline (A1) and 90 days (A4, study endpoint that oc-
curred 90 days after PAP initiation). The data table shows mean and standard
deviations in parentheses for each arm. A significant main effect over time was
found indicating that sleep quality improved from baseline to study endpoint
across all treatment arms, F(1, 101) = 153.35, p < .0001.
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Figure 4. The ISI total score at each assessment point from baseline (A1), PAP
start (A2), 30 days (A3, assessment at 30 days after PAP start), and 90 days (A4,
study endpoint that occurred 90 days after PAP start). During Phase I, Arm A re-
ceived CBT-1 and Arms B and C received no active intervention. During Phase 1I,
all treatment arms received PAP starting at A2 (PAP start) while Arm B received
CBT-I between PAP start and the 30-day assessment. The data table shows mean
and standard deviations in parentheses for each arm. Significant main effects
were found over time, F(3, 308) = 142.15, p < .0001, and between treatment arms,
F(2,308) = 3.17, p = .0434. There was also a significant time by treatment inter-
action, F(6, 308) = 3.89, p = .0009.

p < .0001 and Arm C, F(126) = 10.09, p = .0019, but not for Arm
B, F(122) = 1.92, p = .1682. No other significant differences be-
tween groups were found at the other time points. In order to
interpret the interaction, simple main effects were conducted
to examine group differences at each time point. At A2 a sig-
nificant difference was found (F[2, 308] = 6.98, p = .0011) with
Arm A (M = 11.65) significantly lower than both Arm B (M = 15.93)
and Arm C (M = 14.29). At A3, a significant difference was found
(F[2, 308] = 3.20, p = .0422) with Arm A (M = 8.00) and Arm B
(M = 7.50) significantly lower than Arm C (M = 10.52). At A4, a
significant difference was found (F[2, 308] = 3.49, p = .0318), with
Arm A (M = 6.45) and Arm B (M = 5.76) significantly lower than
Arm C (M = 8.73). No significant differences between groups
were found at baseline.

Clinical significance for insomnia treatment efficacy was
examined using clinical endpoints based on validated cut-
scores for the PSQI and ISI described above (see Figure 5). Using
the clinical endpoint for good sleepers on the PSQ], a significant
difference was found between people who received CBT-I (Arms
A and B) versus PAP only (Arm C), x*(1) = 4.063, p = .044, with
53.8% (n = 43 out of 80) of those in Arms A and B who were con-
sidered good sleepers compared to 34.2% (n = 13 out of 38) in
Arm C. Using the clinical endpoint for remission on the ISI, a sig-
nificant difference was found between those who received CBT-I
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Figure 5. Percentage of participants per arm who meet categorical outcomes at
the study endpoint (A4). Good sleepers were defined as PSQI total score of less
than 5 at the study endpoint. Insomnia remission was defined as the ISI score
less than 8 at the study endpoint. Insomnia response was defined as a reduction
in the ISI score more than 7 points from baseline to study endpoint. Significant
differences were found with more good sleepers in Arms A and B compared to
Arm C, y*(1) = 4.063, p = .044 and more treatment remission in Arms A and B
compared to Arm C, y%(1) = 7.021, p = .008. The pattern was in the predicted dir-
ection for treatment response, but the difference between groups did not reach
significance, p = .083. There was no difference in good sleeper status, remission,
and response between Arms A and B.

(Arms A and B) versus PAP only (Arm C), x*(1) = 7.021, p = .008.
Among those who received CBT-I, 65.0% (n = 52 out of 80) were
in remission compared to 39.5% (n = 15 out of 38) of people who
received PAP only. Using the clinical endpoint for a response on
the ISI, no significant difference was found between the groups,
x(1) = 3.015, p = .083, although the pattern was in the predicted
direction. Among those who received CBT-I, 63.8% (n = 51 out
of 80) were in remission compared to 47.4% (n = 18 out of 38) of
people who received PAP only. No significant differences were
found when comparing Arm A with Arm B on either the PSQI or
ISI clinical endpoints.

Adverse events

There were a total of 33 adverse events (solicited and unsoli-
cited) reported that were related and anticipated. The most
commonly reported adverse events were aerophagia, discom-
fort with mask, which are known to be related to PAP use. Other
common adverse events included transient worsening of day-
time symptoms, such as sleepiness/fatigue or cognitive diffi-
culties. None of these events were categorized as serious and
these issues were addressed in a timely manner as appropriate
(e.g. mask replacement, discussion of safety behaviors related to
sleepiness). There was no evidence of differential adverse events
between arms (Arm A = 13, Arm B = 12, Arm C = 8).

Post hoc exploratory analyses

To explore potential factors related to PAP adherence, we con-
ducted post hoc analyses examining the relationship between
demographic variables and PAP adherence. For level of educa-
tion, we dichotomized based on those with a graduate degree
and those who did not have a graduate degree. A chi-square re-
vealed a significant difference on percentage of regular users,
¥(1) = 10.39, p = .0013, such that those who have a graduate
degree were more likely to be regular users (59%, n = 22) com-
pared to those who did not have a graduate degree (28%, n = 23).
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Similarly, we dichotomized marital status based on those
who reported being married and those who were not married
(single, divorced, live-in partner, widowed). We found a signifi-
cant difference, F(1, 116) = 4.34, p = .0398, with those who were
married demonstrating a higher percentage of nights using
PAP (mean = 61.93%, SD = 34.95) compared to those who were
not married (mean = 47.10, SD = 36.80). No significant differ-
ences were found on race or ethnicity, although non-Hispanics
(mean = 53.76, SD = 35.89) had a trend (p = .082) toward a
higher percentage of nights using PAP compared to Hispanics
(mean = 33.54, SD = 41.44). For OSA severity, the Kruskal-Wallis
test was used to compare mild OSA (AHI >5 and <15) versus
moderate-to-severe OSA (AHI >15) on the PAP adherence meas-
ures. A significant difference was found on percent of nights
used y2(1) = 4.56, p = .0328, with moderate-to-severe OSA partici-
pants using PAP on a greater percentage of days (mean = 59.4%;
median = 69.0%) relative to those with mild OSA (mean = 42.0%;
median = 30.0%).

Discussion

The purpose of this study was to examine the efficacy of a con-
comitant treatment approach using CBT-I and PAP for people
with OSA and comorbid insomnia. Strengths of this study in-
clude the use of standardized in-laboratory PSG for OSA diag-
nosis and PAP titration, structured clinical interview and
quantitative criteria for insomnia disorder, and the use of a
policy-based clinical endpoint for OSA and empirically valid-
ated endpoint for insomnia. Additionally, we used a factorial de-
sign that examined the sequence of CBT-I initiation that could
inform clinical decisions regarding the management of these
comorbid sleep disorders.

With regard to insomnia outcomes, concomitant treatment
using CBT-I with PAP was superior to PAP alone for reducing
insomnia symptoms. Those who received the concomitant
treatment reported a significantly greater reduction on the ISI
compared to those who received PAP alone after 3 months of
treatment. Moreover, the timing of the reduction on the ISI cor-
responded with the timing of CBT-I as indicated by the pattern
of change across assessments, providing support that the reduc-
tion of insomnia symptoms was driven by CBT-I and not PAP.
Finally, there was a greater percentage of participants who were
in remission from insomnia (63% and 57% in Arms A and B vs
40% in Arm C) and were good sleepers (56% and 51% vs 34%)
in the concomitant treatment arms compared to PAP alone.
There was also a similar pattern observed for treatment re-
sponders (63% and 64% vs 47%), which did not reach statistical
significance. These findings are consistent with previous reports
which found that CBT-I can effectively treat insomnia among
those with comorbid and untreated OSA [26, 48, 49]. Notably,
we used a brief four-session CBT-I that was similar to the one
used in the study by Sweetman et al. [26]. Therefore, it appears
that comorbid insomnia in the context of OSA can be effectively
treated using a relatively shorter version of CBT-I compared to
the typical CBT-I dose of six to eight sessions. Given the con-
cerns of adverse effects with hypnotic medications and OSA,
these findings support CBT-I as the recommended treatment for
insomnia in people with both OSA and insomnia.

Despite the improvements in insomnia symptoms, our
findings revealed no significant differences in PAP adherence
between those who received the concomitant treatment and

those who received PAP alone. Across the three arms, partici-
pants used PAP on average 2.6 h per night, which is lower than
the average 4.6 h of PAP use reported in a recent systematic
review [50]. Using the CMS criteria of regular PAP use, 34%, 38%,
and 42% were regular PAP users during the 90-day study period
for Arms A, B, and C, respectively. Since this clinical endpoint
was selected based on policy implications, these findings indi-
cate that the majority of participants in our study would lose
coverage for PAP or be required to repeat the evaluation based
on the CMS policy. The low level of PAP adherence observed in
this study may reflect the challenges of using PAP in the con-
text of comorbid insomnia, a known risk factor for low PAP
use [17, 19]. Alternatively, the low rate of PAP adherence might
also have been due to the inclusion of mild OSA, given the post
hoc finding that those with mild OSA used PAP on a fewer per-
centage of nights compared to those with moderate-to-severe
OSA. In contrast, the study by Sweetman et al. [26] included
only those with moderate-to-severe OSA with an AHI at least
15, which reported PAP adherence of 295.1 min with CBT-I and
237.7 min with treatment as usual at the 3-month follow-up
period. It is also possible that our recruitment methods, which
were primarily targeted at the community rather than sleep
clinics, could account for the low levels of PAP adherence.
Many individuals in our sample were not seeking treatment
for sleep problems and therefore might have had lower levels
of motivation or self-efficacy to engage in PAP therapy com-
pared to previous studies [25, 26] that recruited participants
from clinical settings who are more likely to be seeking treat-
ment. Self-efficacy has been found to be a strong predictor of
PAP use in previous studies [51-53], but a validated measure of
self-efficacy was not included in this study nor was it actively
manipulated as part of the intervention. Finally, 42% of our
sample was African American and previous research has found
that African Americans have lower adherence to PAP compared
to whites [54].

Collectively, the findings in this study suggest that the re-
duction of insomnia symptoms alone might be insufficient for
optimizing PAP use during the first 90 days. On the other hand,
CBT-I did not appear to have an adverse impact on PAP use,
given that sleep restriction and stimulus control could poten-
tially create a ceiling for PAP use per night by reducing time in
bed. Since this study only focused on using CBT-I to improve
PAP use, it is possible that additional interventions targeting
self-efficacy (e.g. motivational interviewing) could be incorpor-
ated into CBT-I or added as a separate intervention. The post
hoc analyses revealed that individuals with a high level of edu-
cation (graduate degree) and those who were married demon-
strated better PAP adherence. This could reflect a difference in
the participant’s understanding of OSA and insomnia and could
impact their motivation for using PAP. In our previous study
[28], we found that most people did not make the distinction
between OSA and insomnia and rather complained of overall
poor sleep. It might have been the case that some participants
with lower levels of education might have assumed that CBT-I
would effectively treat their OSA and therefore were not motiv-
ated to engage in PAP therapy. Moreover, individuals who were
married might receive social support for using PAP from their
partner or family members. These exploratory findings sug-
gest that patient education and/or peer support should be con-
sidered as additional interventions to improve PAP adherence
in this patient population.



Limitations

The findings of this study should be considered within the con-
text of some limitations. First, we did not use a validated measure
of self-efficacy or motivation to engage in treatment. As dis-
cussed earlier, these patient variables could contribute to low
PAP adherence use beyond the symptoms of insomnia. Second,
the study assessment included only the first 90 days of PAP use.
Although this time frame was selected based on key clinical and
policy endpoints, it is not clear if differences in long-term PAP ad-
herence might have emerged given that CBT-I can have long-term
effects on insomnia symptoms [55]. Third, our criteria for in-
somnia disorder were heterogeneous with regard to the timing
of the insomnia complaint and previous studies have found that
sleep maintenance symptoms are associated with lower PAP use
[19]. However, recent studies have revealed that both sleep-onset
insomnia and early morning awakenings were associated with
lower PAP use [13, 17] or discontinuation within the first year of
use [18], indicating that the association between insomnia sub-
type and PAP use is inconsistent and merits further investigation.
It is also possible that insomnia subtypes would require different
treatment sequences, suggesting a potential benefit in basing
treatment decisions on symptoms rather than disorders [56].

Conclusions

The findings from this study indicate that a concomitant treat-
ment approach using CBT-I and PAP is superior to the standard
treatment approach using PAP alone on insomnia outcomes.
However, the present findings revealed no significant benefit of
CBT-I for improving PAP adherence. Given the inconsistencies
between our findings and some other studies, further research
is warranted in determining the optimal treatment approach for
improving PAP adherence among people with both OSA and in-
somnia. In particular, further investigation of demographic vari-
ables, patient self-efficacy, and insomnia subtypes is warranted
along with the impact of OSA severity.

Supplementary Material

Supplementary material is available at SLEEP online.
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