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Abstract 

Background:  Obstructive sleep apnea (OSA) and insomnia are commonly co-occurring conditions that amplify morbidity 
and complicates the management of affected patients. Unfortunately, previous research provides limited guidance as to 
what constitutes the best and most practical management approach for this comorbid patient group. Some preliminary 
studies show that when cognitive behavioral insomnia therapy (CBT-I) is combined with standard OSA therapies for these 
patients, outcomes are improved. However, the dearth of trained providers capable of delivering CBT-I has long served as 
a pragmatic barrier to the widespread use of this therapy in clinical practice. The emergence of sophisticated online CBT-I 
(OCBT-I) programs could improve access, showing promising reductions in insomnia severity. Given its putative scalability 
and apparent efficacy, some have argued OCBT-I should represent a 1st-stage intervention in a broader stepped care model 
that allocates more intensive and less assessable therapist-delivered CBT-I (TCBT-I) only to those who show an inadequate 
response to lower intensity OCBT-I. However, the efficacy of OCBT-I as a 1st-stage therapy within a broader stepped care 
management strategy for insomnia comorbid with OSA has yet to be tested with comorbid OSA/insomnia patients.

Methods/design:  This dual-site randomized clinical trial will use a Sequential Multiple Assignment Randomized Trial 
(SMART) design to test a stepped care model relative to standard positive airway pressure (PAP) therapy and determine 
if (1) augmentation of PAP therapy with OCBT-I improves short-term outcomes of comorbid OSA/insomnia and (2) 
providing a higher intensity 2nd-stage CBT-I to patients who show sub-optimal short-term outcomes with OCBT-I+PAP 
improves short and longer-term outcomes. After completing baseline assessment, the comorbid OSA/insomnia patients 
enrolled will be randomized to a 1st-stage therapy that includes usual care PAP + OCBT-I or UC (usual care PAP + sleep 
hygiene education). Insomnia will be reassessed after 8 weeks. OCBT-I recipients who meet “remission” criteria (defined 
as an Insomnia Severity Index score < 10) will continue PAP but will not be offered any additional insomnia intervention 
and will complete study outcome measures again after an additional 8 weeks and at 3 and 6 month follow-ups. OCBT-I 
recipients classified as “unremitted” after 8 weeks of treatment will be re-randomized to a 2nd-stage treatment consisting 
of continued, extended access to OCBT-I or a switch to TCBT-I. Those receiving the 2nd-stage intervention as well as the UC 
group will be reassessed after another 8 weeks and at 3- and 6-month follow-up time points. The primary outcome will be 
insomnia remission. Secondary outcomes will include subjective and objective sleep data, including sleep time, sleep effi‑
ciency, fatigue ratings, PAP adherence, sleepiness ratings, sleep/wake functioning ratings, and objective daytime alertness.
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Discussion:  This study will provide new information about optimal interventions for patients with comorbid OSA 
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excessive daytime sleepiness [6, 10], a higher degree of 
functional impairment [13], increased workplace absentee-
ism [14], and greater reductions in quality of life [6] com-
pared to individuals with just one of these sleep conditions. 
Concurrent OSA/insomnia also presents a risk for various 
medical and psychiatric disorders [8, 9, 15].

The effects of OSA treatment on insomnia among patients 
with comorbid OSA/insomnia
Both insomnia and OSA are associated with interrupted 
sleep, which presents the possibility that effective OSA 
treatment could indirectly improve insomnia. However, any 
insomnia-related secondary benefit with positive airway 
pressure (PAP) therapy appears to be limited and nuanced. 
PAP treatment appears to have the greatest effect on mid-
dle insomnia (frequent nighttime awakenings), with little 
effect on initial insomnia (prolonged sleep onset latency) 
and terminal insomnia (early morning awakening) [7, 16]. 
However, even this benefit is limited, with 50% of individu-
als in one large study (N = 705) experiencing persistent sleep 
maintenance difficulties despite good PAP adherence [7].

Another overlapping symptom of OSA and insomnia, 
functional impairment, may not be adequately treated 
with PAP therapy alone. In addition to the limited effects 
of PAP therapy on sleep continuity among individuals with 
pre-existing insomnia, PAP therapy can lead to new, treat-
ment-emergent sleep onset difficulties, present in approxi-
mately one fifth of patients, even with excellent adherence 
and marked reduction in breathing events [7, 16]. This 
new-onset insomnia may be precipitated by difficulties 
adjusting to PAP or reflect a dormant insomnia that was 
previously masked by excessive sleepiness.

Targeted insomnia treatment for patients with comorbid 
OSA/insomnia
Cognitive behavioral therapy for insomnia (CBT-I) is a 
well-established first line treatment for insomnia [17]. 
A growing body of literature suggests CBT-I is also 
an effective treatment for insomnia symptoms among 
individuals with OSA, with some studies even show-
ing improved outcomes when OSA and insomnia treat-
ment are combined [18–25]. However, limited access to 
therapist-delivered CBT-I presents an implementation 
challenge [26]. Automated, interactive online CBT-I 
treatments may offer a solution by increasing access. 
Several studies have tested these types of online inter-
ventions with positive results [27–32]. The promising 
findings for online CBT-I protocols have led some to 
argue that this viable intervention should be positioned 
as a 1st-stage intervention to insomnia management, 
with only individuals who do not remit following the 
online intervention needing a higher intensity and less 
available therapist-led treatment [33–36].

Objectives and design rationale
The main objective of this study is to determine if aug-
mentation of usual care PAP therapy with online CBT-I 
(OCBT-I) improves insomnia and OSA outcomes, as well 
as to determine the added benefit of providing a higher 
intensity, second stage, therapist-led CBT-I (TCBT-I) to 
patients who demonstrate sub-optimal short-term out-
comes with OCBT-I. Specifically, the study aims include:

•	 Aim 1: To test OCBT-I augmentation of usual PAP 
care (UC) as a first-stage intervention in patients 
with comorbid OSA/insomnia

•	 Aim 2: To determine the value of the first to second 
stage CBT (OCBT-I or TCBT-I) stepped care model 
relative to UC for improving insomnia and OSA out-
comes after second stage treatment and at 3- and 
6-month follow-up

•	 Exploratory aim: To determine if second stage TCBT-
I produces significantly greater short and longer-
term improvements in insomnia and OSA outcomes 
than second stage OCBT-I

•	 Exploratory aim: To examine pre-treatment relation-
ships between syndrome-specific OSA and insomnia 
symptoms and to determine how these relationships 
are modified by treatment and influence global sleep-
related outcomes

Methods
Study design and setting
This study is employing a Sequential Multiple Assign-
ment Randomized Trial (SMART) design to test value 
added of providing a therapist-directed CBT-I as a sec-
ond stage treatment to those who do not initially achieve 
acceptable outcomes with OCBT-I. Eligible patients 
are being randomly assigned in a 3:1 ratio to an online 
(OCBT-I) program (SleepioTM) combined with usual 
PAP care or to a usual PAP care (UC) only condition. All 
eligible patients receive sleep hygiene education at their 
baseline assessment. Eight weeks after randomization, 
patients randomized to OCBT-I who meet study cri-
teria for remission, defined as a score of less than 8 on 
the Insomnia Severity Index [37], will receive no further 
insomnia treatment and those who do not meet remis-
sion criteria are randomized again in a 1:1 ratio to a 2nd-
stage intervention consisting of either therapist-lead 
CBT-I (TCBT-I) or continued, extended access to the 
OCBT-I resources. All participants complete all study 
outcome measures at baseline and several time points 
post-randomizations (8 weeks, 16 weeks, 3 months, and 
6 months; see Figs.  1 and 2). Those assigned to the UC 
condition are offered CBT-I (choosing either OCBT-I or 
TCBT-I) at the end of the study period.
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Two sites located in the USA are involved in the 
recruitment of patients: National Jewish Health (NJH) in 
Denver, Colorado, and Stanford University in Palo Alto, 
California. The study protocol has been approved by the 
Institutional Review Boards (IRBs) at each site. Modifica-
tions to the protocol which may impact on the conduct 
of the study, potential benefit of the patient or may affect 
patient safety, require a formal amendment to the pro-
tocol. Minor protocol deviations are reported to the IRB 
annually in aggregate. The study maintains a Data and 
Safety Monitoring Board (DSMB) to safeguarding the 
interests of study participants, assess the safety and effi-
cacy of study procedures, and monitor the overall con-
duct of the study.

Study coordinators at each site trained in human sub-
ject research review the consent form in detail with 
the study candidate at the initial screening visit before 
obtaining informed consent. Study participants are 
invited to contact the principal investigator at any time 
to inquire about results. All study personnel, except 
the treatment providers and the team members who 
employ randomization, are blinded to subject randomi-
zation. Study coordinators are unblinded at the end of 
the follow-up phase so that they can coordinate control 
subjects’ treatment of choice.

Protection of confidentiality is accomplished by 
assigning each participant a distinct research code 
number. Data capture for a majority of study question-
naires is achieved using an electronic data capture sys-
tem (REDCAP) which is HIPAA-compliant and allows 
recording and storage of data in password-protected 
files in the cloud. Data acquired in paper form are kept 
in locked files at the respective study site. Twice-yearly 

checks of data integrity, including range checks and 
completeness percentages, are conducted during the 
period of study visit conduct. Only project staff will 
have access to trial dataset and the key to the encryp-
tion code. Additional data sharing policies can be found 
in the Declarations.

Participants
A total of 384 adults with comorbid OSA/insomnia are 
being recruited from the Sleep Disorders Centers at NJH 
and Stanford University, as well as from the community. 
Both medical centers have active insomnia and sleep 
apnea research programs with proven infrastructures 
for clinical trials and a large volume of patient referrals 
including those with comorbid OSA/insomnia. Adequate 
participant retention is anticipated, given that both study 
sites have histories of reasonable study retention in pro-
jects involving behavioral/psychological interventions.

Inclusion and exclusion criteria are listed in Table  1. 
Should a patient with a stable medical/psychiatric condi-
tion at the time of enrollment show a worsening of the 
associated condition or develop a new condition, the 
participant will be evaluated by a study physician and 
the participant’s treating physician(s) will be consulted. 
Should either the study physician or the treating physi-
cian decide that study continuation is contra-indicated, 
the participant will be immediately removed from the 
trial and referred back to the treating physician for 
appropriate management. Additionally, participants who 
become pregnant during the study will be removed from 
the trial. Participants who elect to discontinue treatment 
will be asked to complete all subsequent visits, if willing, 
and all standard outcome data will be collected.

Fig. 1  Overall study design
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Measures
Screening
Structured clinical interviews are utilized to screen 
potential study participants. The Duke Structured Inter-
view for Sleep Disorders (DSISD) [38] is used to assess 
sleep disorder diagnoses [39, 40] and the Mini Inter-
national Neuropsychiatric Interview (MINI), version 
7.0.2 [41], is used to ascertain any comorbid psychiatric 

conditions. The Folstein Mini-Mental Status Exam 
(MMSE) [42] is administered to assess for any cognitive 
deficits.

Primary outcome measures
Remission of insomnia, defined using a validated cutoff 
score on the Insomnia Severity Index (ISI; ISI < 8) [37], 
is the primary outcome. The ISI is a 7-item self-report 

Fig. 2  SPIRIT figure—protocol timeline
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questionnaire that assesses the severity of insomnia 
symptoms over the past 2 weeks, including related func-
tional impairment, and provides a global measure of per-
ceived insomnia severity. The total score ranges from 0 
to 28, with higher scores indicating more severe insom-
nia. The ISI is a well-validated [43] and has demonstrated 
sensitivity to therapeutic changes [44, 45].

Secondary outcome measures

Insomnia  Total sleep time (TST) and sleep efficiency 
(SE) serve as additional insomnia outcomes. Both sub-
jective (Consensus Sleep Diary [46]) and objective 
(Philips Respironics Actiwatch 2 and Actiwatch Spec-
trum Plus actigraph devices) measures of TST and SE 
are obtained. The actigraph devices are worn by par-
ticipants and estimate sleep/wakefulness by measur-
ing motion and light. Participants receive automated 
daily emails with personalized links to access the 
REDCap sleep diary to report bedtime, time of initial 
sleep attempt, sleep onset latency, number and length 
of nocturnal awakenings, final wake time, rise time, 
sleep quality ratings, and sleep medication use. Fig-
ure 2 details when the daily sleep diaries and actigraph 

devices are utilized during baseline, treatment, and fol-
low-up stages.

OSA  The Quebec Sleep Questionnaire (QSQ) is uti-
lized to measure OSA outcomes. The QSQ, is a 32-item 
self-report instrument that assesses sleep/wake function-
ing, with items scored on a 7-point symptom frequency 
scale (1 = “all the time” and 7 = “not at all”). The QSQ 
has well established psychometric properties and is sen-
sitive for detecting treatment-related improvements 
among patients with OSA [47]. Additionally, objective 
PAP adherence (using PAP internal monitoring technol-
ogy) is tracked at each assessment time point (see Fig. 2) 
to document effects of the insomnia interventions on 
adherence levels. PAP adherence variables are based on 
1  month of data obtained from the participants’ PAP 
devices and include (a) the percentage of nights that PAP 
is used, (b) the average number of hours the device was 
used over all days during the past 30 days, (c) the daily 
average number of hours of PAP usage on nights used 
over the past 30 days, (d) minimum and maximum hours 
of use over the past 30 days, and (e) whether PAP was 
used at least 70% of nights for 4 h per night over the past 
30 days (Medicare criteria).

Table 1  Participant selection criteria

Inclusion criteria

  • Adults ≥ 21 years of age

  • Diagnosis of OSA with an AHI ≥ 5 on a diagnostic polysomnogram

  • Accept PAP as primary/sole OSA therapy, been given a prescription for PAP, and have had an opportunity to use PAP for ≥ 1 month

  • Meets the Diagnostic and Statistical Manual of Mental Disorders, 5th edition (DSM-5), Insomnia Research Diagnostic Criteria

  • A sleep onset latency or wake time after sleep onset > 30 min for 3 or more nights per week during 2 weeks of sleep diary monitoring [1]

  • An Insomnia Severity Index (ISI) score ≥ 10, indicating at least “mild” insomnia

Exclusion criteria

  • Current, untreated, psychiatric disorder (i.e., major depression)

  • A lifetime diagnosis of any psychotic or bipolar disorder

  • Imminent suicide risk

  • Alcohol or drug abuse within the past year

  • Terminal illness (i.e., cancer) or neurological degenerative disease (i.e., dementia)

  • Current use of medications known to cause insomnia (e.g., stimulants)

  • Comorbid narcolepsy, idiopathic hypersomnia, restless legs syndrome, periodic limb movement during sleep (PLMS with arousal > 15 per hour), 
or severe circadian rhythm sleep disorder (with severity defined by bedtimes later than 3:00am or rise times later than 11:00 am)

  • Consumption of more than 2 alcoholic beverages per day on a regular basis (defined as 5 or more times per week)

Additional considerations

  • Varying levels of PAP adherence are being included, with the candidates’ most recent diagnostic PSG to determine if they meet the AHI inclusion 
and PLM exclusion criteria

  • Individuals using sleep aids (prescribed or over-the-counter) are not excluded as long as they still meet criteria for insomnia disorder

  • Participants who report consuming alcohol regularly after 7:00 pm at the screening visit are asked to discontinue this practice at least 2 weeks 
prior to baseline assessment

  • Individuals using psychotropic medications (SSRI or SNRI) are eligible for the study, as long as medication doses are stable for at least 3 months 
with at least partial remission (via structured interview) of related mood or anxiety disorder

  • All participants are asked to not initiate other treatment for their insomnia during the trial, but are not excluded if they choose to do so (they are 
asked to report other treatments if they choose to obtain such treatment)
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Daytime functioning  Fatigue is the most common 
daytime complaint of insomnia sufferers [48]. The well-
validated Fatigue Severity Scale (FSS) [49, 50] assesses 
manifestations of daytime fatigue over the past week. 
Respondents are instructed to indicate their degree of 
agreement with each of nine statements using a 7-point 
scale, with the mean item score providing an index of 
fatigue level. A higher FSS score indicates greater fatigue. 
Subjective sleepiness is assessed via the well validated 
8-item Epworth Sleepiness Scale (ESS) [51, 52]. Respond-
ents are instructed to indicate how likely they are to fall 
asleep in different common day-to-day situations, such 
as “watching TV” or “sitting and talking to someone,” 
using a 4-point rating scale (0 = “would never doze” to 
3 = “high chance of dozing”). Higher ESS scores indi-
cate greater daytime sleep tendency. Additionally, objec-
tive daytime alertness is assessed by the Psychomotor 
Vigilance Test (PVT) [53, 54] before and after treatment 
(see Fig. 2). During PVT testing, participants monitor a 
red rectangular box on the computer screen and press a 
button as soon as possible when a stimulus appears. The 
response speed and the count of lapses (responses with 
latencies > 500 ms) are utilized in the current study, as 
these measures appear most sensitive to effects of sleep 
loss [54].

Global outcome measures
In the current study, changes in total wake time (TWT) 
from sleep diaries and actigraphy (mean values from 
baseline, post-treatment, and follow-up time points), 
general sleep quality, and overall daytime functioning 
are tracked as global outcome measures. The Pittsburgh 
Sleep Quality Index (PSQI) [55] measures sleep qual-
ity over the past month. The Functional Outcomes of 
Sleep Questionnaire (FOSQ) [56] is used to ascertain the 
impact of excessive sleepiness on daytime functioning in 
5 domains: general productivity, social outcome, activ-
ity level, vigilance, and intimate relationships and sexual 
activity.

Safety/acceptability measures
Adverse events (AE) are assessed via the Systematic 
Assessment for Treatment Emergent Events (SAFTEE) 
[57, 58]. To date, no adverse events have occurred. To 
assess treatment credibility, acceptability, and patient sat-
isfaction, the Therapy Evaluation Questionnaire (TEQ) is 
utilized at weeks 1 and 8 [59].

Procedures
Participants undergo a multi-level screening (see Fig. 2). 
After an initial phone screening, they undergo an 

in-depth screening assessment. Those meeting selection 
criteria and enrolled then complete a baseline assess-
ment. Following baseline assessment, they are encour-
aged to continue PAP therapy and are randomly assigned 
to either OCBT-I (n = 288) or UC (n = 96) in a 2:1 ratio. 
Following the initial 8-week treatment stage, partici-
pants complete the same measures as during the baseline 
assessment. OCBT-I recipients who, at this point, meet 
remission criteria receive no additional treatment but 
continue to complete all study assessments (8 weeks later 
and at scheduled follow-ups.) Those classified as unre-
mitted are randomized to a 2nd stage 8-week therapy 
consisting of an extended period of OCBT-I engagement 
or six sessions of therapist-delivered CBT (TCBT-I). 
Immediately following the second treatment stage, and 
at 3- and 6-month follow-ups, they are assessed again. 
At the end of the study period, those assigned to the UC 
condition are offered CBT-I (choosing either OCBT-I or 
TCBT-I); but no additional data is collected. Throughout 
the duration of their participation in the study, all partici-
pants receive standard care visits as determined by their 
OSA care provider.

Treatments
Online CBT‑I (OCBT‑I)
Participants randomized to the OCBT-I are given access 
to the SleepioTM program. The first stage OCBT-I con-
sists of a structured 6-session self-directed CBT-I pro-
gram delivered by an animated character named, “The 
Prof.” This program is typically completed over an 8-week 
time frame and consists of a fully automated, media-rich 
web application, driven dynamically by baseline, adher-
ence, and progress data. Program content covers behav-
ioral (sleep restriction, stimulus control) and cognitive 
(putting the day to rest, thought restructuring, mindful-
ness) strategies, as well as relaxation strategies (progres-
sive muscle relaxation) and advice on healthy sleep habits 
(sleep hygiene). OCBT-I uses proprietary algorithms that 
feed the delivery of information, support, and advice in 
a personally tailored manner. Sleepio also offers regular 
live and pre-recorded presentations by insomnia treat-
ment experts, as well as access to an expert-moderated 
discussion forum. Participants who are randomized into 
the 2nd stage OCBT-I option are granted extended access 
to the educational content of the program. Throughout 
all stages of OCBT-I treatment, Sleepio provides reports 
of logins and activity to monitor adherence to the inter-
vention protocol.

Therapist‑Delivered CBT‑I (TCBT‑I)
The therapist-directed CBT-I is delivered by a licensed 
clinical psychologist who is certified in behavioral sleep 
medicine by the American Board of Sleep Medicine or 
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the Board of Behavioral Sleep Medicine. This treatment 
is delivered during the course of 6, 45–60-min sessions 
scheduled during an 8-week time frame. The treatment 
is guided by published insomnia treatment manuals [60, 
61] and consists of reviewing CBT-I information, such 
as treatment rationale, general sleep education, stimu-
lus control, sleep restriction, constructive worry, sleep-
related cognitive techniques, relaxation strategies, and 
relapse prevention. The therapists have the discretion to 
choose which elements of CBT-I to emphasize but the 
overall treatment is guided by the same general treatment 
principles and techniques. Sleep diaries are used to mon-
itor and maintain adherence to the TCBT-I treatment.

Randomization
First- and second-stage treatment assignments are con-
ducted by a designated member of the study team at each 
site using the minimization method [62, 63], a modified, 
adaptive randomization procedure that ensures treat-
ment conditions are balanced in regard to pre-treatment 
stratification variables. This method accommodates 
many stratification variables by weighting each equally 
and seeks to achieve an overall balance of the levels of 
these variables across experimental conditions, rather 
than a balance within each stratum. The variables used 
in randomization include age (< 55 vs. ≥ 55 years), sex 
(male vs. female), insomnia severity (ISI scores < 15 vs. 
≥ 15), pre-PAP AHI (≥ 20 and < 20), and objective PAP 
adherence (> 4 h vs. ≤ 4 h per night determined by PAP 
download data for the 30 days prior to study entry). Ran-
domization is performed independently at each site by 
one designated study staff via a computer-based Fortran 
program developed by the study statistician, and all study 
coordinators are blinded to participant randomization.

Data management and analysis
Plots of the longitudinal outcome variables will be cre-
ated to examine trends over time. Additionally, all 
variables will be tested to determine if parametric dis-
tributional assumptions are valid. The hypothesis tests 
listed below describe parametric models for binary or 
continuous outcomes. Linear (mixed or standard) mod-
els will be used for the latter and can also be applied to 
integer-valued outcomes that have a sufficient number 
of potential values, for which a normal approximation is 
adequate. For simplicity, the term “continuous outcomes” 
will be utilized. For continuous outcomes that are not 
approximately normally distributed or cannot be suitably 
transformed, nonparametric analyses will be conducted. 
Socio-demographic, psychiatric, medical, and sleep char-
acteristics will first be described using central tendency 
and dispersion indices for continuous variables, as well as 
frequency distributions for nominal data. Characteristics 

of participants in different treatment arms will be com-
pared with basic statistical tests to verify that the ran-
domization worked as anticipated. For longitudinal 
models, all available records from participants will be 
used in analyses, including those who drop out of the 
study. Characteristics of dropouts will be compared with 
completers and methods of correction will be employed 
in final models if deemed necessary (i.e., multiple impu-
tation or inverse probability weighting) [64]. Methods to 
account for potential missing-not-at-random (MNAR) 
data will also be applied as a sensitivity analysis [65].

Aim 1: To test OCBT‑I augmentation of usual PAP 
care (UC) as a first‑stage intervention
We hypothesize that insomnia remission rates after the 
first stage of treatment will be higher for individuals in 
the OCBT-I intervention group than the UC group. To 
test this hypothesis, a mixed effects logistic regression 
will be utilized, with remission (Y/N) as the outcome 
and treatment group, time, site, and the group-time-site 
interaction as predictors. Treatment group by time will 
be the predictor variable. Follow-up sensitivity analyses 
will include covariates, such as participant demographics. 
Separate logistic regression models will be conducted for 
the secondary sleep apnea and insomnia outcome indica-
tors. Similarly, mixed effects linear regression models will 
be employed for continuous sleep outcome measures, 
such as sleep duration, efficiency, and PAP adherence.

Power calculations for aim 1 were completed based 
on two independent proportion tests using a z-approx-
imation due to the larger sample sizes. Previous work 
[32] suggests that approximately 50% of OCBT-I recipi-
ents reach remission, compared to approximately 15% 
of those in the control group. However, considering the 
comorbid sample and the somewhat rigorous remission 
definition of the current study, conservatively powered 
estimates were utilized for detecting a difference between 
35% (OCBT-I) and 15% (UC). Factoring in an attrition 
rate of 15% and using a 5% alpha value, 96% power was 
projected to detect this difference between groups, with 
82 UC and 245 OCBT-I subjects. The lowest the remis-
sion rate in the OCBT-I group can be in order to retain at 
least 80% power is 30.2%.

Aim 2: To determine the value of the first to second 
stage CBT‑I (OCBT‑I or TCBT‑I) stepped care model 
relative to UC for improving insomnia and OSA 
outcomes after 2nd stage treatment and at 3‑ 
and 6‑month follow‑up
We predict that among participants who did not achieve 
insomnia remission during the first intervention stage, 
those assigned to the stepped care TCBT-I group will 
have the best outcomes. Specifically, we hypothesize 
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that the OCBT-I to TCBT-I group will show significantly 
greater improvements in insomnia and OSA outcomes 
compared to the OCBT-I to extended OCBT-I group and 
compared to non-remitters in the UC group at the end of 
phase 2 and at follow-up time points (3- and 6-month). 
To test this hypothesis, linear mixed models (continuous 
outcomes) across all time points will be utilized, followed 
by generalized linear models (binary outcomes) at each 
specific time point. The mixed effects models will include 
treatment group, time, and group by time predictors, 
as well as site and its interaction with the other predic-
tors. In order to account for the adaptive nature of the 
study design in which some subjects receive two treat-
ment modalities and some only one, weighting of records 
will be employed based on inverse probability weighting 
(IPW) principles [66].

Power calculations for aim 2 included several consid-
erations. Specifically, based on findings from a previous 
sequential insomnia treatment study, a second stage of 
treatment is thought to enhance response rates by about 
20% [67]. For the current study, we predict that 5% (UC) 
and 20% (OCBT-I) of participants will remit after the 
second stage time frame. If aim 1 expectations are cor-
rect, approximately 85% of the 96 UC subjects (n = 82) 
and 65% of the 288 OCBT-I subjects (n = 187) will be 
non-remitters. Further allowing for a 25% attrition by the 
end of stage 2, these non-responder sample sizes would 
be 61 (UC) and 140 (OCBT-I). These expected remission 
percentages and sample sizes yield 83% power to detect 
differences between groups using an alpha of 5%, based 
on a 2-proportion z-test. Even with IPW methods uti-
lized for adjustment, these calculations suggest adequate 
power for the comparison.

Discussion/conclusions
OSA and chronic insomnia are prevalent and debili-
tating conditions, with the common co-occurrence 
of these disorders amplifying morbidity and compli-
cating the management of affected patients. Unfortu-
nately, previous research provides limited guidance as 
to what constitutes the best and most practical man-
agement approach for this comorbid patient group. 
Some studies show that when CBT-I and standard 
OSA therapies are combined, outcomes are markedly 
improved over those seen with OSA therapies alone 
[24, 25]. However, a dearth of trained providers avail-
able to deliver CBT-I has long served as a pragmatic 
barrier to the widespread use of this therapy in clinical 
practice [68]. The emergence of sophisticated OCBT-I 
programs could improve access. OCBT-I studies have 
shown promising results for individuals with insomnia 
[30, 32, 69–72]. The efficacy of OCBT-I for individuals 
with comorbid insomnia/OSA is relatively unknown. 

Nonetheless, given the putative scalability and appar-
ent efficacy of this intervention approach, OCBT-I 
could represent a first stage intervention in a broader 
stepped care model that allocates more intensive and 
less assessable therapist-delivered CBT-I only to those 
who show an inadequate response to lower intensity 
OCBT-I [36]. However, the efficacy of OCBT-I as a 
first stage therapy within a broader stepped care man-
agement strategy has yet to be tested with comorbid 
OSA/insomnia patients.

To date, no large, well-controlled trials with adequate 
follow-up periods have been conducted to ascertain 
optimal sleep/wake symptom management strategies for 
comorbid OSA/insomnia patients. This study offers the 
first trial of this nature, which includes a number of inno-
vative features, including testing an OCBT-I program 
used in conjunction with PAP as a first stage intervention 
for patients with comorbid OSA/insomnia. Furthermore, 
determining the types of patients that comprise these 
first stage responders will help inform future treatment 
decisions in clinical settings. The stepped care, “SMART” 
clinical trial design will uniquely test whether there is 
“value added” of providing therapist-directed CBT-I to 
those who do not initially achieve acceptable outcomes 
with OCBT-I. Ascertaining the best deployment of online 
and therapist delivered CBT-I resources for comorbid 
OSA/insomnia patients, as well as investigating if certain 
patient characteristics predict treatment preferences and 
responses, will serve to inform future clinical decision 
making processes.

Trial status
Protocol Version 2, 25 March 2020; recruitment period 
is from April 15, 2017, to June 30, 2022. This manuscript 
was initiated in 2019. Due to the multi-site nature of the 
study, the number of contributing authors, the many 
responsibilities of the involved parties, and the impact 
of COVID-19, the draft cycled through several rounds 
of edits, which took longer than expected due to these 
circumstances. The manuscript was approved by all co-
authors for submission in August 2021. However, SPIRIT 
requirements were not met and the entire draft had to be 
reworked. During this year, some of the key authors’ had 
unforeseen extended medical leave, slowing these revi-
sions. Finally, when this SPIRIT revised version uploaded 
for submission on June 17, 2022, additional institutional 
documentation was required, delaying the complete 
manuscript submission to July 18, 2022, after recruitment 
was completed.
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