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A B S T R A C T

Background: Chronic insomnia is associated with poor asthma control. Cognitive-behavioral treatment for in-
somnia (CBT-I) is an efficacious and durable treatment for comorbid insomnia in medical and psychiatric dis-
orders. However, the efficacy and potential accompanying mechanisms of CBT-I have not been examined in
asthma. The purpose of this study is to test the efficacy of a CBT-I intervention on sleep and asthma control in
adults with insomnia and asthma. We will also explore airway inflammation (i.e., exhaled nitric oxide, blood
eosinophils) as a potential biological mechanism linking improvements in sleep with improvements in asthma
control.
Methods: The study is a single center, parallel group, randomized controlled trial. Two hundred and ten adults
with insomnia and asthma that is not well-controlled will be randomized to either a 9-week Internet-based CBT-I
program (Sleep Healthy Using the Internet (SHUTi)) or an enhanced usual care condition which utilizes an
online educational video about insomnia. The primary sleep outcome is insomnia severity measured by the
Insomnia Severity Index. Secondary sleep outcomes are sleep quality and wrist actigraph-recorded sleep para-
meters. Asthma control will be assessed by the Asthma Control Test, Asthma Quality of Life Questionnaire,
pulmonary function testing, and self-report of asthma exacerbations and asthma-related healthcare utilization.
Treatment outcomes will be measured at baseline, 9 weeks, and 6months.
Discussion: This trial has the potential to identify a novel strategy for improving asthma control. Findings may
advocate for the inclusion of treatment of comorbid insomnia into current asthma management practice
guidelines.

1. Introduction

Insomnia is the most common sleep disorder, comprising sleep-
specific complaints, such as difficulty falling asleep, difficulty staying
asleep, or poor sleep quality, and associated daytime symptoms.
Insomnia has a prevalence of 10–15% in the adult population [1], and
is even more common among those with medical conditions [2]. For
instance, approximately 37% of adults with asthma have insomnia [3].

Asthma is highly prevalent, affecting at least 19 million adults in the
United States [4]. The cost and morbidity of asthma, including health
care costs and utilization, activity limitations, reduced quality of life,
and increased risk for mortality, inflict a considerable burden on pa-
tients, families, and health care systems [5–7]. Asthma exacerbations,
characterized by acute occurrences of increasing symptoms including
wheezing, chest tightness, breathlessness, and coughing and decreased
lung function, are experienced by at least 10 million adults annually
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[4]. Achieving asthma control is the goal of asthma therapy and an
essential component of asthma management [8]. Reducing current
impairment (i.e., frequency and intensity of symptoms and functional
limitations) and reducing future risk (i.e., recurrent asthma exacerba-
tions and progressive decline in lung function) are the two main ele-
ments of asthma control. Population-based studies suggest that up to
84% of patients fail to achieve good asthma control [9–12]. Identifying
targets for intervention that could have substantial impact on asthma
control is of great importance for reducing the burden of disease.

Relationships between insomnia and asthma are likely to be bidir-
ectional. Nocturnal awakenings due to nighttime asthma symptoms and
the need for quick relief medications can disrupt sleep and potentially
exacerbate insomnia severity [13–17]. On the other hand, insomnia can
negatively affect asthma control by further limiting engagement in
activities and quality of life (current impairment) and by heightening
the airway inflammatory response to environmental triggers, thus
contributing to worsening of asthma control [3,18–21].

Cognitive-behavioral treatment for insomnia (CBT-I) is a behavioral
intervention that uses well-validated techniques including sleep re-
striction, stimulus control, sleep hygiene, and cognitive techniques to
address maladaptive behaviors and thoughts that perpetuate insomnia.
CBT-I implemented in medical and psychiatric populations with co-
morbid insomnia has been shown to improve insomnia severity and
general measures of mood, fatigue, and quality of life [22,23]. The
efficacy of CBT-I in adults with asthma has not been investigated in a
randomized controlled trial (RCT). This trial will examine the effects of
CBT-I on sleep and asthma outcomes in adults. We will also explore a
mechanistic hypothesis, that insomnia treatment alters a physiological
mechanism, inflammation, that links sleep disturbances to inadequate
asthma control

2. Methods

The purpose of this study is to test the efficacy of CBT-I on sleep and
asthma control in adults with insomnia and asthma. In this trial, the
CBT-I intervention will be delivered as a web-based program (Sleep
Healthy Using the Internet (SHUTI)) and will be compared to enhanced
usual care (EUC) for insomnia, which includes an online educational
video about insomnia. The specific aims of this RCT are to (1) compare
the efficacy of SHUTi compared to EUC on (1a) sleep outcomes (in-
somnia severity, sleep quality, and wrist actigraph-recorded sleep

parameters) and (1b) asthma control at post-treatment (9 weeks) and
6months; and (2) determine whether changes in sleep mediate the ef-
fects of treatment on asthma control at post-treatment and 6months. An
exploratory aim is to determine whether changes in biomarkers of
airway inflammation (exhaled nitric oxide, blood eosinophils) at post-
treatment and 6-month follow-up account for the relationship between
changes in sleep (from baseline to post-treatment) and improvements in
asthma control. We hypothesize that SHUTi, compared with EUC, will
lead to greater improvements in sleep outcomes and asthma control at
post-treatment and 6months. We also hypothesize that improvements
in sleep (from baseline to post-treatment) will mediate the effects of
treatment on improvements in asthma control from post-treatment to
6months.

2.1. Study design

This study is a single-center, parallel group randomized controlled
study in which participants are randomized to one of two conditions: an
Internet-delivered CBT-I intervention or an EUC condition, consisting of
an online educational video about insomnia. The study has been ap-
proved by the University of Pittsburgh Institutional Review Board and
is registered with ClinicalTrials.gov (Identifier: NCT03327519).
Interested individuals will undergo an initial telephone screening which
will provide a brief description of the study. Individuals will be asked
questions related to demographic information, Internet access, asthma
control and quality of life, asthma medications, sleep characteristics,
and insomnia symptoms (Table 1). Potential participants who meet the
initial screening criteria will be scheduled for a research laboratory visit
in the University of Pittsburgh/University of Pittsburgh Medical Center
(UPMC) Asthma Institute to review and sign the study consent form and
to conduct additional eligibility assessments (Table 1). After eligibility
screening and signing informed consent, baseline clinical, sleep, and
self-report assessments will be completed, followed by randomization
(Fig. 1). Participants will then have access to the Internet-delivered
CBT-I program or EUC over the 9-week week intervention period.
Follow-up assessments will be conducted immediately post intervention
(9 weeks) and at 6months to determine short and longer-term effects.

2.2. Recruitment

Participants will be recruited through two local registries: the

Table 1
Assessment measures.

Assessment Telephone screening Face-to-face screening Baseline 9Weeks 6months

Asthma Control Test × × × ×
Asthma Quality of Life Questionnaire × × × ×
Insomnia Severity Index × × × ×
DSM 5 Insomnia Diagnosis ×
Informed Consent ×
Multivariate Apnea Prediction Questionnaire ×
Epworth Sleepiness Scale ×
Patient Health Questionnaire-9 ×
GerdQ ×
NIDA Quick Screen ×
Physical ×
Medical History and Medications ×
Spirometry × ×
Pregnancy test, if applicable ×
Demographic variables ×
Pittsburgh Sleep Quality Index × × ×
PROMIS Sleep-Related Impairment Scale × × ×
PROMIS Sleep Disturbance Scale × × ×
Asthma Exacerbation and Healthcare Utilization Questionnaire × × ×
Blood eosinophils × × ×
Fractional nitric oxide × × ×
Sleep diary × × ×
Actigraphy × × ×
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University of Pittsburgh Clinical and Translational Science Institute
(CTSI) Research Participant Registry (Pitt+Me) and the University of
Pittsburgh/UPMC Asthma Institute patient research registry. The Pitt
+Me registry is a database of> 107,000 individuals willing to consider
participation in research studies. The registry's software matches par-
ticipants, based on their demographics and on their ICD-9 or ICD-10
code(s) and/or health preferences, with studies for which they may be
eligible. Registry participants receive study alert emails about studies in
which they may have interest. If interested, they will contact the Pitt
+Me registry screening office, who will initiate a pre-screen and pass
on contact information of those who pass the pre-screen to the study
researchers. The Asthma Institute has an active asthma patient research
registry with over 1600 patients. The registry receives referrals from the
General Internal Medicine Division outpatient clinic at UPMC and
through the electronic medical record system in the pulmonary and
allergy clinics throughout UPMC. In addition, there is a full time re-
cruiter/outreach specialist that advertises and seeks study participants
in the community at large. Both registries utilize social media (e.g.,
Facebook, Twitter) to advertise studies. Alternative recruitment stra-
tegies (e.g., adding recruitment sites and intensifying and expanding
recruitment efforts) will be explored if enrollment lags are detected.

2.3. Participants

The study will enroll a total of 210 men and women ages 18 and
over with diagnoses of insomnia and asthma that is not well controlled.
Eligible participants must have reliable internet access because the in-
tervention and EUC condition occur via the Internet. Patients at high
risk for obstructive sleep apnea will be excluded as defined by a
Multivariate Apnea Prediction Questionnaire [24] score ≥0.48 and an
Epworth Sleepiness Scale [25] score> 10. Patients using medications
known to affect sleep or wake function (e.g., caffeine, alcohol, hypno-
tics, benzodiazepines, antidepressants, anxiolytics, antipsychotics, de-
congestants and sedating antihistamines, and beta blockers) will not be
excluded, since these medications are commonly used among insomnia
patients and will be addressed as part of the intervention. We will
monitor participants' use of these medications via the sleep-wake dia-
ries. Inclusion and exclusion criteria are summarized in Table 2.

2.4. Randomization and blinding

Participants will be randomly assigned to either SHUTi or EUC using
stratified permuted-block design, with random block sizes of 2, 4, or 6.
Participants will be stratified prior to randomization by sex and age
(18–40, 41–60,> 60). A randomization list for each sex-age combina-
tion will be computer generated by the study statistician. Study per-
sonnel involved in recruitment, screening, data collection, and data
entry will be blinded to group assignment.

2.5. SHUTi

The intervention condition will utilize an online insomnia inter-
vention (SHUTi). SHUTi is based on CBT-I and incorporates the main
components of CBT-I (sleep restriction, stimulus control, cognitive re-
structuring, sleep hygiene, and relapse prevention) into 6 modules or
Cores. Users obtain access to a new Core one week after completion of
the previous Core, which is analogous to the schedule used during
traditional face-to-face CBT-I. Participants complete daily sleep diaries
throughout their use of SHUTi. The sleep diary data is used to track
progress, to tailor treatment recommendations (e.g., assign a sleep re-
striction window), and to assess adherence to the sleep restriction
window. Each Core follows the same structure of the weekly sessions of
traditional CBT-I: (1) core objectives (what will be learned), (2) review
of previous week's homework and sleep diary data, (3) new interven-
tion material, (4) assignment of homework (treatment strategies for
improving sleep over the coming week), and (5) summary of the Core's
main points. Each Core takes 45–60min to complete. Intervention
content is presented through interactive elements including persona-
lized goal-setting, graphics, animation, quizzes to test user knowledge,
and vignettes. Automated emails are sent to encourage adherence. No
modifications were made to SHUTi for this trial. For a complete de-
scription of the SHUTi program, see Thorndike et al., [26].

2.6. EUC

The EUC condition will use an online educational video on insomnia
which was developed by Emmi Solutions in consultation with two of the
investigators (DJB, PJS). The 25-minute video contains educational
information on physiological controls of sleep, sleep hygiene practices,
healthy sleep behaviors (e.g., reduce time in bed, get up at the same
time every day, go to bed only if sleepy, and do not stay in bed unless
asleep), and sleep medications, a self-efficacy assessment, and enables
patients to set individual goals. However, it does not present partici-
pants with an individualized intervention strategy.

2.7. Assessments

Participants will complete assessments to evaluate insomnia/sleep
variables, asthma control, and biomarkers of airway inflammation at
baseline, post-treatment, and 6months (Table 1). Actigraphy and sleep
diary will be completed for 1 week in participants' homes at each as-
sessment point. In order to maintain contact and promote retention,
telephone phone calls at 4 week intervals between baseline, post-
treatment, and 6-month research laboratory visits will be conducted to
collect information on adverse events and medication changes. Ad-
ditionally, participants will receive reminders for follow-up visits via
email or telephone call. We will provide $25 for completion of baseline
research laboratory visit and upon return of the Actiwatch following
baseline assessment; $37.50 for completion of post-treatment research
laboratory visit and upon return of the Actiwatch following post-
treatment assessment; and $62.50 for completion of 6-month research
laboratory visit and upon return of the Actiwatch following 6-month
assessment. Total compensation can total $250 via reloadable debit
card.

Fig. 1. Study flow diagram.
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2.7.1. Sleep
The primary outcome will be insomnia severity assessed by the

Insomnia Severity Index (ISI) [27,28]. Secondary outcomes will include
the Pittsburgh Sleep Quality Index (PSQI) [29], a global measure of
subjective sleep quality, Patient-Reported Outcomes Measurement In-
formation System (PROMIS) Sleep Disturbance and Sleep-Related Im-
pairment Scales [30,31], which are well-validated, and sleep para-
meters, including sleep onset latency (minutes to fall asleep after lights
out), sleep efficiency (time slept asleep divided by time in bed), wake
after sleep onset (minutes spent wake after sleep onset), and total sleep
time using an online version of the Consensus Sleep Diary [32] and
actigraphy. Actigraphy provides a method to objectively and pro-
spectively estimate sleep-wake patterns. Actiwatch 2® actigraphs (Phi-
lips-Respironics, Bend, OR) will be used in this study.

2.7.2. Asthma control
The primary outcome will be asthma-related quality of life assessed

by the Asthma Quality of Life Questionnaire (AQLQ) [33,34], a vali-
dated condition-specific health-related quality of life measure that
evaluates four life domains impacted by asthma: activity limitations,
emotional distress, symptoms, and environmental stimuli. Asthma-re-
lated quality of life is a critical element of asthma control because it is
associated with patients' perceived control of asthma and predicts fu-
ture asthma-related health care utilization [35–37]. Secondary out-
comes will include the Asthma Control Test (ACT) [38,39], pulmonary
function, asthma exacerbations, and asthma-related healthcare use.
Spirometry will be performed according to American Thoracic Society
guidelines after appropriate withholding of medications [40]. Max-
imum bronchodilation will be performed with spirometry to assess
bronchodilator reversibility. Participants will receive four inhalations
of albuterol from a metered dose inhaler and spirometry will be re-
peated 15min later. Pre- and post-bronchodilator forced expiratory
volume in 1 s (FEV1), FEV1% predicted, forced vital capacity (FVC),
and FEV1/FVC ratio, in addition to bronchodilator responsiveness
(change in FEV1 after inhaled bronchodilator), will be evaluated.

Biomarkers of airway inflammation will include exhaled nitric oxide
and blood eosinophils. Exhaled nitric oxide measure is a noninvasive
method for assessing the severity of airway inflammation in asthma
[41]. Fractional exhaled nitric oxide will be measured according to
manufacturer's instructions for the Aerocrine NIOX VERO®. Blood will
be drawn for complete blood count with differential count to measure
eosinophils.

2.8. Sample size justification

The total sample size of 210 (105 per group) was determined fo-
cusing on the hypothesis testing of between-group differences (SHUTi
vs. EUC) in the mean changes in the primary outcomes of insomnia
severity and asthma-related quality of life, and the correlational/re-
gression analyses to assess changes in insomnia severity with changes in
asthma quality of life; adjustment of the level of significance for the
repeated testing at post-treatment (9 weeks) and 6months for each
primary outcome to 0.025, and considering the expected rate of attri-
tion by 6months follow-up. To date, no previous trial has specifically
examined insomnia symptom response to SHUTi among individuals
with asthma. Sample size was therefore estimated by examining SHUTi
response in the primary study outcomes of interest among individuals
with medical conditions in terms of the standardized mean difference,
d. Ritterband et al. [42] demonstrated a large effect for SHUTi com-
pared to a waitlist control group (in favor of SHUTi) on the order of
d= 1.85 for insomnia severity (assessed by the ISI) at post-treatment
(9 weeks) among cancer survivors with insomnia. Moreover, moderate
to large effects for the ISI of d=0.95 at post-treatment and d=0.52 at
6-month follow-up (in favor of SHUTi) were observed in a subsample of
38 adults with asthma who were randomly assigned as part of a larger
study to either SHUTi (n=20) or patient education (n=18) (L.M.
Ritterband, pH.D., unpublished data). In terms of asthma-related
quality of life, moderate treatment effects, on the order of d=0.48,
were observed for SHUTi compared to a waitlist control group for
mental health quality of life (based on the Mental Component Summary
of the 12-item Short-Form Health Survey [43]) among cancer survivors
with insomnia [42]. Moreover, through a secondary analysis of data
from the SHUTi trial with cancer survivors [42], moderate sized cor-
relations of r=0.345 between changes in insomnia severity and
changes in mental health quality of life from baseline to post-treatment
in the total sample, largely due to changes in the SHUTi participants.
Given these findings, we plan to enroll 105 participants per treatment
group (210 total), allowing for up to 20% attrition at 6-month follow-up
(i.e., 168 participants with complete follow-up) (L.M. Ritterband,
pH.D., unpublished data). This sample size will ensure that we have at
least 80% power to: 1) detect between-group differences in the changes
in a) insomnia severity from baseline to post-treatment (power >
99%) and 6-month follow-up (power=86.5%) and b) asthma-related
quality of life from baseline to post-treatment (power= 80.1%) and 6-
month follow-up (power=80.1%); and 2) assess changes in insomnia

Table 2
Inclusion and exclusion criteria.

Inclusion Exclusion

• Age 18–75 years • Non-English speaking

• Telephone, email address, reliable Internet access • Plans to move or leave present source of care during the following 8months

• Have a current primary care physician or a physician who is managing
patient's asthma

• Receiving antibiotics for upper respiratory infection or pulmonary condition in past
2 weeks

• Clinical diagnosis of asthma supported by at least one of the following:
– An increase of ≥12% and≥ 200ml in FEV1 after administration of
albuterol during bronchodilator reversibility testing

– Documented evidence of bronchodilator reversibility within 2 years prior
to screening/baseline period

– Documented evidence of a positive methacholine challenge test (PC20 of
≤16mg) within the last 5 years

• Heavy smoking history: Age < 30 years and smoking history > 10 pack years a OR
age≥ 30 and smoking history > 15 pack years OR smoking within past 12months

• Self-report of > 3 asthma attacks/exacerbations requiring systemic corticosteroids,
emergency room visit, or hospitalization within the past 12months

• Self-reported cystic fibrosis, chronic obstructive pulmonary disease or interstitial lung
disease, restless legs syndrome, bipolar disorder, or psychosis

• Stable doses and schedules (i.e., unchanged) of standard therapy for
moderate-severe persistent asthma for 2months prior to enrollment

• Oral corticosteroid dosage of > 10mg/daily

• High risk for obstructive sleep apnea

• FEV1 of ≥45% of the predicted normal value for the patient, after
withholding bronchodilators

• Poorly controlled gastroesophageal reflux disease: Score≥ 9 on GerdQ

• Not well-controlled asthma: Score 16–19 on Asthma Control Test • Substance abuse disorder within past 3months

• Impaired asthma-specific quality of life: Score≤ 5 on Asthma Quality of Life
Questionnaire

• Current major depression (Score≥ 10 on Patient Health Questionnaire-9) or active
suicidal ideation

• Meets criteria for DSM-5 Insomnia Disorder • Currently pregnant or trying to become pregnant

• At least moderate insomnia severity: Score > 7 on Insomnia Severity Index

• Stable self-reported medical, psychiatric conditions

FEV1, forced expiratory volume in one second; PC20, provocative concentration of methacholine required to cause a 20% reduction in FEV1.
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severity as a mediating variable of the effect of SHUTi on asthma-re-
lated quality of life (power > 99%).

2.9. Statistical analysis

Initial analyses will involve data description and screening for
anomalies (e.g., outliers, missing data, non-normality). Results from
these analyses will be used to (1) describe univariate and bivariate
distributions, (2) identify group imbalances and associations between
dependent variables and suspected covariates/confounders, (3) eval-
uate missing data, and (4) check for violation of statistical assumptions.
If assumptions are violated, data transformations or more statistically
robust procedures will be considered. Covariates/confounders (e.g., age
at study entry, use of asthma medications) will be included in models
secondarily, and their effects on primary predictors will be evaluated.

For comparison of the efficacy of SHUTi compared to EUC on sleep
outcomes, an intent-to-treat approach will be used, in which all parti-
cipants will be included in the groups to which they were randomly
assigned, regardless of whether they actually received it. The primary
sleep outcome variable will be insomnia severity as measured by the ISI
total score. Secondary sleep outcomes include the PSQI and PROMIS
Sleep Scales and measures of sleep parameters from the sleep diary and
actigraphy which include sleep onset latency, sleep efficiency, wake
after sleep onset, and total sleep time. Average sleep onset latency,
sleep efficiency, wake after sleep onset, and total sleep time across all
days during each assessment period was calculated. Linear mixed-ef-
fects modeling with linear contrasts will be used to examine the effect
of treatment assignment (SHUTi vs. EUC) on each sleep outcome, with
treatment group assignment as the between-subjects factor, and an in-
teraction term between time and group. Random effects for subjects
will also be included. Fixed and/or time-dependent covariates (in-
cluding baseline values) may be included secondarily to adjust for
group imbalances or variables related to the dependent variables.
Variables having at least moderate associations (i.e., r > 0.30 or odds
ratio > 2.5) or medium-sized differences (d > 0.50) with treatment
group and/or dependent variables will be considered secondarily when
fitting linear mixed effects models and the relative change in parameter
estimates and the values of test statistics will be noted. Linear contrasts
will be specified and estimated in the repeated measures models to test
whether SHUTi will demonstrate greater improvements in sleep mea-
sures at post-treatment and 6months relative to baseline value com-
pared to EUC. Marginal modeling with generalized estimating equa-
tions (assuming an unstructured covariance structure) will also be used
to analyze each sleep measure because it tends to be more robust to
misspecification of the covariance structure and violations in normality
assumptions. Results from the application of each modeling approach
will be compared via sensitivity analyses, noting changes in parameter
estimates and the conclusions drawn based on hypothesis testing. To
explore sex as a moderator of the treatment efficacy of SHUTi relative
to EUC, the linear mixed models for each sleep measure will be ex-
panded to include sex and its interactions with the other model terms
(treatment group, time, and treatment group by time). The linear
contrasts will also be re-specified and re-estimated to explore the in-
teraction of sex and treatment group on changes in sleep measures from
baseline to post-treatment and 6-months. As the investigation of sex as
moderating factor is exploratory, no multiplicity adjustment will be
applied.

To explore unique subgroups of SHUTi treatment non-responders,
descriptive analyses will provide the proportion of participants who
achieve sleep treatment response (defined as a clinically significant
change in insomnia severity based on the ISI [i.e., ISI change> 6
points] at post-treatment). Two-sample t-tests and chi-square tests of
independence will be conducted to explore differences in demographic
(age, sex, marital status, employment status, smoking status), insomnia-
related (duration, severity, sleep medication usage), and asthma-related
(duration, severity, quick relief inhaler use, exacerbations) variables

between treatment responders and non-responders.
For comparison of the efficacy of SHUTi compared to EUC on

asthma control, a similar analysis plan will be used as described above.
The primary asthma control outcome will be asthma-related quality of
life based on the AQLQ total score. Secondary asthma control outcomes
include the ACT, spirometry, asthma exacerbations, and asthma-related
healthcare use. Descriptive analyses will be conducted to provide the
proportion of participants who achieve a clinically important im-
provement on the Asthma Quality of Life Questionnaire (i.e., score
change ≥0.5 points). Characteristics of improvers and non-improvers
will be examined.

To determine if improvements in sleep from baseline to post-treat-
ment mediate the effects of treatment on improvements in asthma
control from post-treatment to 6months, simple mediational models
(i.e., models containing a single predictor, single mediator, and single
outcome) will be specified and estimated. The predictor variable will be
treatment group assignment (SHUTi versus EUC), the mediator variable
will be the change in a single sleep measure from baseline to post-
treatment, and the outcome variable will be the change in a single
asthma control measure from post-treatment to 6months. The primary
sleep outcome will be insomnia severity based on the ISI total score and
the primary asthma control outcome will be asthma-related quality of
life based on the AQLQ total score. Observed variable path analysis will
be used to fit the proposed mediation models. Path coefficients with
standard errors and R2 values for the proximal (sleep) and distal
(asthma control) endogenous variables will be estimated. The observed
variable path analysis via bias-corrected bootstrapping (with 5000
bootstrapped samples) will be used to test for the mediation effect and
to yield point and interval estimates of indirect, direct, and total effects.
In addition to better accommodating non-normality and having greater
statistical power than traditional approaches to mediation analyses
(e.g., Baron-Kenny approach, Sobel test), bias-corrected bootstrapping
will be employed. Goodness-of-fit will be assessed using the re-
commended fit indices including the root mean square error of ap-
proximation and comparative fit index. Residual analyses will be per-
formed for each path analysis model to identify sources of model
misspecification, outliers, and influential observations.

To determine whether changes in biomarkers of airway inflamma-
tion across post-treatment and 6-month follow-up account for the re-
lationship between changes in sleep (from baseline to post-treatment)
and improvements in asthma control, a similar analytic approach using
simple mediational analyses as outlined above will be applied. The
predictor variable will be the change in a single sleep outcome, the
mediator variable will be the change in a single biomarker of airway
inflammation, and the outcome variable will be the change in a single
asthma control outcome.

3. Discussion

This study aims to evaluate the effects of CBT-I (compared to EUC)
on insomnia severity, subjective and objective sleep parameters, and
asthma control reflected by ACT score, asthma-related quality of life,
and asthma exacerbations and related healthcare utilization among
adults with not well-controlled asthma and comorbid insomnia. We will
also explore markers of airway inflammation as a potential physiolo-
gical mechanism linking improvements in sleep with improvements in
asthma control. Implementing a targeted treatment for insomnia would
enable us to see if it is possible to significantly reduce insomnia as well
as improve asthma control with this targeted treatment. Furthermore, it
will provide insight into the complex relationships between insomnia
and asthma control.

Given the demands of our evolving health care system, a low cost,
scalable method for delivering CBT-I in clinical settings is needed to
increase access to care [44]. Our study will utilize a self-guided In-
ternet-based CBT-I (SHUTi), an efficacious and low cost treatment that
can be delivered in a real-world clinical setting. Use of an Internet-
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based CBT-I overcomes the limitations of face-to-face CBT-I, which re-
lies on patient motivation to attend six to eight weekly in-person ses-
sions, remember to keep sleep diaries, and implement changes between
sessions without support [45]. SHUTi provides 24/7 accessibility and
support, which may enable individuals to better adhere to the inter-
vention and successfully implement tailored recommendations for im-
proving sleep in real life.

Although trials of Internet-based CBT-I included individuals with
medical conditions with the exceptions of major psychiatric disorders,
other sleep disorders, and unstable chronic disorders, condition-specific
clinical indices were not assessed, other than general measures of
mood, fatigue, and quality of life [46,47]. This trial will expand upon
prior studies examining Internet-based CBT-I by including an extensive
assessment of condition-specific (i.e., asthma) clinical outcomes and
collection of preliminary data on possible biological mechanisms.

Our results could offer an innovative strategy for improving asthma
control that could have a substantial impact on asthma care and quality
of life for patients. Ultimately, findings from our study could encourage
the inclusion of insomnia—as a comorbid condition that affects asthma
control—into the current guidelines for the proper management of
asthma.
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