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Abstract

Study Objectives: More than half of young adults at risk for alcohol-related harm report symptoms of insomnia. Insomnia
symptoms, in turn, have been associated with alcohol-related problems. Yet one of the first-line treatments for insomnia (Cognitive
Behavioral Therapy for Insomnia or CBT-I) has not been tested among individuals who are actively drinking. This study tested (1) the
feasibility and short-term efficacy of CBT-I among binge-drinking young adults with insomnia and (2) improvement in insomnia as
a predictor of improvement in alcohol use outcomes.

Methods: Young adults (ages 18-30 years, 75% female, 73% college students) who met criteria for Insomnia Disorder and reported
1+ binge drinking episode (4/5+ drinks for women/men) in the past month were randomly assigned to 5 weekly sessions of CBT-I
(n = 28) or single-session sleep hygiene (SH, n = 28). All participants wore wrist actigraphy and completed daily sleep surveys for 7+
days at baseline, posttreatment, and 1-month follow-up.

Results: Of those randomized, 43 (77%) completed posttreatment (19 CBT-1, 24 SH) and 48 (86%) completed 1-month follow-up
(23 CBT-1, 25 SH). CBT-I participants reported greater posttreatment decreases in insomnia severity than those in SH (56% vs. 32%
reduction in symptoms). CBT-I did not have a direct effect on alcohol use outcomes; however, mediation models indicated that
CBT-Iinfluenced change in alcohol-related consequences indirectly through its influence on posttreatment insomnia severity.

Conclusions: CBT-Iis a viable intervention among individuals who are actively drinking. Research examining improvement in
insomnia as a mechanism for improvement in alcohol-related consequences is warranted.

Trial Registration: U.S. National Library of Medicine, https://clinicaltrials.gov/ct2/show/NCT03627832, registration #NCT03627832

Statement of Significance

In this randomized pilot trial of binge-drinking young adults with insomnia, Cognitive Behavioral Therapy for Insomnia (CBT-I)
was associated with greater reductions in insomnia symptoms than single-session sleep hygiene. Change in insomnia symp-
toms at posttreatment also mediated CBT-I effects on alcohol-related consequences at 1 month. Findings suggest that CBT-I is a
viable treatment for young adults with insomnia who are actively drinking and may have downstream effects on alcohol-related
problems.
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Introduction

Insomnia disorder affects 6%-15% of the general population [1],
with rates as high as 58% among those with alcohol use disorder
(AUD) [2]. It is associated with a range of medical and psychiatric
comorbidities, including depression and suicidal ideation [3], and
creates a burden on the healthcare system [4]. Although cognitive
behavioral therapies (CBT) are widely accepted as an important
component of insomnia treatment [5], research to date has not
examined the efficacy of CBT for insomnia (CBT-I) among indi-
viduals who are actively drinking. Indeed, abstinence (or a goal of
abstinence) is often considered a prerequisite for insomnia treat-
ment among individuals with AUD [2]. This creates a challenge for
insomnia treatment among young adults, approximately 30% of
whom report binge drinking (5+ drinks in one occasion) [6] and
alcohol-related problems [7], but few of whom perceive a need
for abstinence or alcohol treatment [8]. Unfortunately, insomnia
treatment may be critical for binge-drinking young adults because
sleep disturbance is a predictor of future alcohol use and related
problems [9-14]. If sleep disturbance is indeed a contributor to
alcohol-related problems, then treatment of insomnia among in-
dividuals who have not yet developed severe AUD could theoretic-
ally alter the trajectory of the disorder [15].

A number of biological and behavioral factors may con-
tribute to the association between sleep and alcohol-related
outcomes. Among individuals with AUD and insomnia, rates of
alcohol use as a sleep aid are relatively high (55%) [16]. However,
young adults tend to report more social than coping motives
for alcohol use [17, 18], in which case this mechanism may not
explain the association between sleep and alcohol outcomes in
young adults. One alternative explanation involves the effect of
sleep on neurocognitive functioning. Specifically, impairments
in sleep may lead to impairments in higher order cognitive
functioning (working memory performance [19]) and decreased
ability to regulate emotions [20, 21]. These impairments, in turn,
may decrease one’s ability to avoid substance use or problems
related to use. Indeed, sleep disturbance has been linked pro-
spectively to alcohol use and related problems among adoles-
cents and young adults [9-14]. However, only one study has
examined the extent to which the reverse association may be
true; that is, the extent to which treatment of sleep problems
may mitigate alcohol-related harm among young adults. That
study did not find significant differences between the sleep
intervention and control condition [22]; however, it also tested a
novel (rather than empirically supported) treatment and did not
target individuals with insomnia. Thus, research to date has not
examined the efficacy of a first-line insomnia treatment among
young adults who are actively drinking.

As a first step in determining the potential for insomnia
treatment to mitigate alcohol-related harm among young
adults, this study tested the feasibility and short-term efficacy
of CBT-I among binge-drinking young adults with insomnia.
First, because CBT-I has not been tested within this population,
we examined the feasibility and acceptability of a five-session,
face-to-face CBT-I protocol. Second, because CBT-I is efficacious
among individuals in recovery from AUD [23-25] and young
adults who do not engage in binge drinking [26], we hypothe-
sized that CBT-I would be more effective than single-session
sleep hygiene (SH) education in reducing insomnia symptoms
among binge-drinking young adults with insomnia. Finally,
based on research linking sleep disturbance to subsequent

alcohol use and related problems [9-14, 22], we hypothesized
that improvement in insomnia would lead to improvements in
drinking and related problems (i.e. improvement in insomnia
would mediate CBT-I effects on alcohol use outcomes).

Methods
Participants and procedure

Power analysis

Based on previous studies, we expected moderate to large ef-
fects on insomnia symptoms [27] and small to moderate effects
on alcohol use [23, 24]. A priori power analyses (G*Power 3.1.9)
indicated that 44 participants would provide sufficient power
to detect moderate (f = 0.25) within-between interactions using
repeated-measures ANOVA (a = 0.05, groups = 2, repetitions = 3,
correlation = 0.50). We utilized multilevel modeling to increase
power to detect small effects. Research examining CBT-I among
young adults who do not engage in binge drinking [26] reported
15% posttreatment attrition. Anticipating higher attrition in a
binge-drinking sample, we aimed to recruit 56 participants to
obtain a final sample of 44.

Recruitment

Figure 1 depicts participant recruitment and retention. Young
adults (age 18-30 years) in a Midwestern college town were re-
cruited through community advertising (flyers, university email,
and Facebook). Advertisements stated, “We are looking for men
and women between the ages of 18 and 30 who drink alcohol
to participate in an insomnia treatment study.” Recruitment ran
August 2018 through June 2019. Interested individuals (n = 342)
completed an online screening survey. Research staff contacted
those who met screening criteria (n = 208) to provide them with
additional information and schedule the baseline assessment.
Of those, 56 (27%) declined to participate, primarily due to time
constraints. Eighty-seven participants completed the in-person
baseline assessment.

Participant enrollment/eligibility

At baseline, participants provided written informed consent,
completed a clinician-administered sleep assessment and the
MINI International Neuropsychiatric Interview for DSM-5 (MINI)
[28] with a trained assessor, and completed baseline measures.
They also wore an actiwatch and completed online sleep diaries
for at least 7 days. Individuals were eligible to participate if they
(1) were between 18 and 30 years; (2) reported consumption of
4/5+ drinks (for women/men) on a single occasion at least once
in the past 30 days'; and (3) met research and DSM-5 criteria
for Insomnia Disorder. Criteria for insomnia included >30 min-
utes falling asleep, staying asleep, or waking up too early on 3+
nights per week for 3+ months [29] and daytime impairment,
operationalized as scores >10 on the Insomnia Severity Index
[30]. Participants were not excluded for use of sleep medication;
however, to avoid confounds between CBT-I and medication ef-
fects, participants had to be stabilized on sleep medications for

B The original alcohol use inclusion criterion was score >4/5 on the
Alcohol Use Disorder Identification Test. This was revised because
three of the first seven participants recruited using this criterion did
not report past-month binge drinking (4/5+ drinks for women/men)
at baseline.
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Screened for eligibility (n= 342)

[ Enrollment J

Did not meet screening criteria (n=134)
Did not provide contact information (n=21)
Never reached (n=44)

Declined to participate (n=56)

Completed baseline (n=87)

Excluded (n=31)
¢ No insomnia (n=9)
¢ No binge drinking past 30 days (n=4)

o New sleep medication (n=1)

e History of mania or seizure disorder (n=2)
e Other sleep disorder (n=6)

e Severe psychiatric disorder (n=9)

\4

Randomized (n=56)

A4

v [ Allocation J y
Allocated to CBT-I (n=28) Allocated to Sleep Hygiene (n=28)
* 0 sessions completed (n=2) e 0 sessions completed (n=1)
* 1 session completed (n=4) e 1 session completed (n=27)
e 2 sessions completed (n=1)
e 3 sessions completed (n=2)
e 4 sessions completed (n=1)
¢ 5 sessions completed (n=18)
i [ Follow-Up 1 v
(& J
Lost to post-treatment (n=9) Lost to post-treatment (n=4)
Lost to 1-month follow-up (n=5) Lost to 1-month follow-up (n=3)
v [ Analysis ] v
Analyzed (n=28) Analyzed (n=28)

Figure 1. CONSORT flow diagram.

6+ weeks at baseline. Participants were excluded if they reported
contraindications for CBT-I (mania or seizure disorder), reported
other symptoms requiring immediate clinical attention (e.g.
severe sleep apnea/PTSD or suicidal intent), or were receiving
treatment for insomnia or alcohol use.

Of the 87 baseline participants, 56 met all inclusion criteria.
Individuals who were excluded from the study did not differ from
those included in terms of age, sex, race/ethnicity, college status,
sleep parameters, drinking quantity, or alcohol-related conse-
quences. Participant demographics are presented in Table 1.

Randomization, assessment, and compensation
Participants were randomly assigned in parallel design to CBT-I
(n = 28) or SH (n = 28; see Figure 1). M.B.M. generated random

allocation (1:1 ratio) using a random number generator. After the
S5-week treatment period (“posttreatment”) and 1 month after
posttreatment, participants completed follow-up assessments,
which included 7+ days of actigraphy and daily sleep diaries.
Participants were compensated for each assessment ($20 for
baseline, $25 for post, and $25 for follow-up), with additional
compensation based on percent compliance with daily diaries
(an additional $5 at baseline and an additional $15 at post and
follow-up).

Blinding

The principal investigator and study therapists were blinded to
assessment outcomes, and outcome assessors were blinded to
participant condition. All participants were informed that they
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Table 1. Group demographics at baseline (n = 56)

Full sample (n = 56)

Demographic characteristics M (SD) or n (%)

CBT-I (n =28) Sleep hygiene (n = 28)

M (SD) or n (%) M (SD) or n (%)

Age 22.4 (2.7)
Female (vs. male) 42 (75%)
Race* -
European American 51 (91%)
African American 6 (11%)
Asian American 2 (4%)
Nat. Am. or Nat. AL 3 (5%)
Nat. Haw. or Pac. Isl. 0 (0%)
Other 1(2%)
Hispanic/Latinx 2 (4%)

Highest level of education -

Grade 12 or GED 3 (5%)
Some college/tech. school 36 (64%)
College graduate 17 (30%)
Current college enrollment 41 (73%)
Use of any sleep medication 12 (21%)
Trazodone 1(2%)
Doxylamine 2 (4%)
Melatonin 5 (9%)
OTC (e.g. diphenhydramine) 8 (14%)
Motives for substance use M (SD) or n (%)
Social motives® 3.44 (0.91)
Anxiety coping motivest 2.26 (0.91)
Depression coping motives’ 1.62 (0.79)
Enhancement motives® 2.81 (0.98)
Conformity motives? 1.44 (0.73)
Alcohol to help with sleep 7 (13%)
Cannabis to help with sleep 9 (16%)
MINI diagnoses n (%)
AUD 47 (84%)
Moderate AUD 14 (25%)
Severe AUD 5 (9%)
Substance use disorder (SUD) 5 (9%)
Moderate SUD 4 (7%)
Severe SUD 0 (0%)
Comorbid diagnosis* 24 (43%)

22.3(2.7) 22.5 (2.8)
22 (79%) 20 (71%)
26 (93%) 25 (89%)

2 (7%) 4 (14%)
1(4%) 1 (4%)
2 (7%) 1 (4%)
0 (0%) 0 (0%)
0 (0%) 1 (4%)
2 (7%) 0 (0%)
2 (7%) 1 (4%)
19 (68%) 17 (61%)
7 (25%) 10 (36%)
21 (75%) 20 (71%)
3 (11%) 9 (32%)
0 (0%) 1(4%)
0 (0%) 2 (7%)
1 (4%) 4 (14%)
2 (7%) 6 (21%)
M (SD) or n (%) M (SD) or n (%)

3.41(0.93) 3.48 (0.92)

2.33 (1.01) 2.19 (0.81)

1.70 (0.92) 1.54 (0.65)

2.94 (1.07) 2.69 (0.88)

1.55(0.87) 1.33 (0.55)

2 (7%) 5 (18%)
6 (21%) 3 (11%)
n (%) n (%)
25 (89%) 22 (79%)
9 (32%) 5 (18%)
4 (14%) 1(4%)
1 (4%) 4 (14%)
1 (4%) 3 (11%)
0 (0%) 0 (0%)
14 (50%) 10 (36%)

MINI, MINI International Neuropsychiatric Interview DSM-5; OTC, over-the-counter.

*Not mutually exclusive.
From the Modified Drinking Motives Questionnaire Revised.

*Comorbid diagnoses included current major depressive disorder, panic disorder, agoraphobia, social anxiety disorder, obsessive-compulsive disorder, PTSD, bulimia,

and generalized anxiety disorder.

received treatment for insomnia (either “brief” or “more in-
tense”) in order to blind them to condition assignment.

Interventions

Cognitive behavioral therapy for insomnia

A five-session, individual CBT-I manual was derived from ex-
isting, efficacious protocols [31, 32]. Session 1 introduced treat-
ment rationale and SH recommendations (see later section).
Session 2 targeted sleep restriction (limiting time in bed) and
stimulus control (using bed/bedroom only for sleep). Session
3 presented relaxation techniques (diaphragmatic breathing,
progressive muscle relaxation, and visual imagery). Session
4 targeted cognitive therapy (thoughts logs and behavioral
experiments). Session 5 reviewed treatment rationale/pro-
gress and discussed prevention of future insomnia episodes.
Sleep diaries and treatment adherence were reviewed in all
sessions.

Sleep hygiene

A single-session SH control condition was chosen to model
“usual care.” Similar to the sleep information that participants
may receive during routine primary care visits, SH participants
received a one-page handout of SH practices listed on the
National Sleep Foundation (2018) website. Recommendations
included limiting naps, avoiding caffeine and nicotine before
bedtime, moderating alcohol use before bedtime, exercising,
avoiding foods that disrupt sleep before bedtime, exposing one-
self to natural sunlight, establishing a bedtime routine, and
creating a pleasant sleep environment (Table 2). Therapists re-
viewed the handout with participants and answered questions.

Alcohol intervention

Neither intervention was modified to target alcohol use.
However, participants in both conditions reviewed the gen-
eral SH recommendation to limit alcohol consumption before
bedtime. Moreover, because daily diaries included an item
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Table 2. Percentage of treatment days that CBT-I and SH participants complied with SH and partial stimulus control recommendations (n = 49)

Recommendation CBT-I (n =25) Sleep hygiene (n = 24) t(df)

Limit naps to 30 min 92.3 (9.0) 90.0 (9.0) -1.16 (47)
Limit caffeine to 3 (8 oz) doses 95.7 (13.7) 93.5(9.8) -0.63 (47)
Avoid caffeine after 12 p 66.1 (29.4) 64.2 (24.8) -0.24 (47)
Avoid nicotine within 2 h of bedtime 96.9 (11.8) 98.7 (3.1) 0.74 (47)
Avoid alcohol within 2 h of bedtime 92.6 (12.4) 87.3(20.5) -1.09 (47)
Avoid exercise’ within 2 h of bedtime 99.4 (1.7) 98.3 (3.3) -1.54 (47)
Avoid heavy meals within 2 h of bedtime 92.4 (7.8) 85.4 (13.7) -2.18 (36%)*
Avoid bright light before bedtime 63.0 (35.0) 63.3(32.2) 0.03 (47%)
Engage in relaxing bedtime routine 53.8(33.7) 53.8 (33.7) 0.72 (47)
Get out of bed during awakenings 46.3 (30.4) 37.0(30.3) -1.08 (47)

Defined as at least moderate-intensity aerobic activity.
*Equal variances not assumed.
*p < 0.05.

assessing number of standard alcoholic drinks consumed, parti-
cipants in both conditions self-monitored alcohol consumption
throughout the trial.

Treatment integrity

Both treatments were delivered in person by predoctoral clin-
ical/counseling psychology students. Participant interactions
were supervised by a licensed clinical psychologist (M.B.M.),
who was supervised by a clinical psychologist board certified
in behavioral sleep medicine (C.S.M.). Treatment integrity was
assured in three steps:[33] (1) interventionists received initial
training via mock therapy sessions, and sessions were audio-
taped and reviewed in ongoing training and supervision,; (2) par-
ticipants received a workbook of treatment materials; and (3)
completion of assignments and barriers to compliance were re-
viewed each week.

Measures

Treatment satisfaction

Participants rated their satisfaction with treatment during
the posttreatment assessment. The Client Satisfaction
Questionnaire [34] is an eight-item measure that has been val-
idated in substance use treatment settings [35]. Items are scored
from 1 to 4, with higher scores indicating greater satisfaction.
For example, response options for the item, “How would you
rate the quality of treatment you received?” ranged from 1 (poor)
to 4 (excellent).

Insomnia severity

Insomnia severity was measured at baseline, posttreatment,
and 1-month follow-up using the seven-item Insomnia Severity
Index [36]. The first three items assess the severity of insomnia
symptoms (problems falling asleep, staying asleep, and waking
too early). Remaining items assess dissatisfaction with sleep,
distress, noticeability, and daily interference. Responses range
0-4, with higher scores indicating more severe insomnia.

Sleep diary

Participants completed 7+ consecutive days of sleep diaries
at baseline, posttreatment, and 1-month follow-up. To control
for assessment reactivity, participants in both conditions were
also instructed (but not incentivized) to complete daily diaries
for the 5-week treatment phase of the study. The study sleep

diary included all elements of the consensus sleep diary [37].
Participants estimated what time they got into bed, what time
they tried to go to sleep (bedtime), how long it took them to fall
asleep (sleep onset latency [SOL]), total duration of nighttime
awakenings (wake after sleep onset [WASO]), time of their final
awakening (waketime), and what time they got out of bed for the
day. Sleep efficiency (range 0%-100%) was calculated by dividing
the amount of time actually spent sleeping by the amount of
time spent in bed. Participants rated their subjective sleep
quality on a scale from 0 (very poor) to 4 (very good).

In order to help CBT-I interventionists identify behaviors
that could negatively affect sleep, sleep diaries also included
several items assessing compliance with recommendations.
Participants reported the timing and duration of any daytime
naps; the number of caffeine doses consumed (e.g. 1 oz es-
presso, 8 oz coffee, and 12 oz soda) and what time they finished
their last caffeinated drink; the number of full cigarettes con-
sumed and what time they finished their last cigarette; and the
number of standard alcoholic drinks consumed (e.g. 12 oz beer),
the approximate time they started drinking, and the approxi-
mate time they finished their last alcoholic drink. They also in-
dicated (yes/no) if they engaged in 30+ min of moderate-intensity
aerobic activity (and, if so, what time they finished exercising);
if they consumed a heavy meal within 2 h of bedtime; if they
avoided bright light in the 30 min before bedtime; and if they
did something routine or relaxing in the 30 min before bedtime.
Due to an oversight by the principal investigator, participants in
both groups who reported waking up during the night were also
asked to indicate if they had gotten up out of bed and returned
to bed only when sleepy (i.e. if they had complied with partial
stimulus control instructions). These data are reported in Table 2
for descriptive purposes.

Actigraphy

The Actiwatch Spectrum Plus (Philips Respironics) was used to
measure sleep objectively. Actigraphy has been validated against
polysomnography as an accurate measure of WASO, total sleep
time, and sleep efficiency among individuals with insomnia [38,
39]. Data were analyzed in 30-s epochs using medium sensi-
tivity settings. Because actigraphy is less reliable in estimating
the major sleep period among individuals with insomnia, sleep
diaries were used in conjunction with actigraphy to estimate
the times that participants got into and out of bed [40]. Diaries
were used in lieu of event markers to reduce participant burden.
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Diary data were available for the majority (96%) of cases; how-
ever, if diary data were not available, algorithm-generated start
and end times for the sleep period were visually inspected for
consistency with light and activity data. In all but one case, the
algorithm-generated start/end time was used.

Drinking quantity

Past-month drinking quantity was measured using the Daily
Drinking Questionnaire (DDQ) [41]. Participants indicated
how many standard drinks (e.g. 12 oz beer) they consumed on
each day of a typical week in the past month. Responses were
summed to estimate the number of drinks consumed per week.

Alcohol-related consequences

Alcohol-related consequences were measured using the 24-item
Brief Young Adult Alcohol Consequences Questionnaire [42].
Participants indicated (yes/no) if they had experienced events
such as having a hangover or missing work/class in the past
month. Responses were summed to create a total score.

Substance use motives

Participants’ motives for alcohol use were measured at base-
line using the 28-item Modified Drinking Motives Questionnaire
Revised (MDMQ-R) [17]. The MDMQ-R includes five subscales as-
sessing social (e.g. “as a way to celebrate”), anxiety coping (e.g.
“to relax”), depression coping (e.g. “to numb my pain”), enhance-
ment (e.g. “because I like the feeling”), and conformity (e.g. “to
fit in with a group I like”) motives for alcohol use. Participants
indicated how often they consume alcohol for each of the spe-
cified reasons on a scale from 1 (almost never/never) to 5 (almost
always/always). Subscale scores were obtained by summing
relevant items. Internal consistency for the social, depression-
coping, enhancement, and conformity subscales were in the
good to excellent range (o = 0.81-0.94); and reliability for the
anxiety-coping subscale was in the acceptable range (a = 0.76).
Two additional items assessing (yes/no) use of (1) alcohol and
(2) cannabis to help with sleep were included on the daily sleep
diaries. Substance use motives are reported in Table 1 for de-
scriptive purposes.

Data screening and analysis

Missing data

A total of 13 participants were missing data at either the
posttreatment (n = 13) or follow-up (n = 8) assessments. Linear
multiple regression with 20 imputations was used to estimate
missing outcome values for primary outcomes [43, 44]. Predictors
for imputation models included study variables (treatment
group and baseline levels of the outcome), baseline variables
correlated with missingness (insomnia severity, race, diary SOL,
negative affect, and dysfunctional sleep beliefs), and baseline
variables associated with drinking/sleep in other studies (sex,
education, college enrollment, age, drinking quantity, cigarette
use, PTSD symptoms, and anxiety symptoms).

Data analysis

All analyses were conducted in SPSS version 25. Multilevel
models were used because they account for nesting within
data and require fewer assumptions than general linear models
[45]. Unconditional models were conducted to determine
the intraclass correlation coefficient (ICC) for each outcome.

For primary outcomes, ICCs indicated that 39% of variance in
insomnia severity, 45% of variance in actigraphy sleep efficiency,
69% in diary sleep quality, 78% in drinking quantity, and 65%
in alcohol-related consequences occurred between individuals
(Level 2). Remaining variance occurred within individuals over
time (Level 1).

Separate models were conducted for each outcome (Table 3).
For each model, time points (Level 1) were nested within per-
sons (Level 2). Treatment condition (CBT-I = 1; SH = 0) was in-
cluded as a fixed effect at Level 2. Demographic variables (e.g.
sex) were not included as covariates because participants were
randomized. For the model predicting alcohol-related conse-
quences, baseline drinking quantity was included as a Level 2
covariate and was grand mean centered to capture between-
person variability [46]. Intercepts were specified as random to
allow for individual differences in mean levels of each outcome
at baseline. All other effects were fixed. Pairwise comparisons
were examined, using Bonferroni adjustment to control for in-
flation in Type I error (o = 0.05/5 = 0.01). Effect sizes were calcu-
lated using Cohen’s d (0.20 small, 0.50 medium, and 0.80 large).
To be consistent with insomnia research reporting guidelines
[29], descriptive data for subjective and objective measures of
commonly reported sleep variables are included in Table 4.

Mediation was tested using bootstrapped confidence inter-
vals for indirect effects in the PROCESS 2.04 macro [47, 48].
Posttreatment insomnia symptoms were modeled as a medi-
ator of the association between treatment group and 1-month
alcohol-related consequences, controlling for baseline in-
somnia severity, alcohol-related consequences, and drinks per
week. Because they limit assumptions and Type I error while
increasing power to detect effects in smaller samples [49, 50],
asymmetric 95% bootstrap confidence intervals with 5,000 sam-
pling estimates were used to test indirect effects.

Results
Treatment feasibility and acceptability

Follow-up rates are depicted in Figure 1. Treatment compliance
with SH and partial stimulus control instructions is reported
for the 88% of participants (25 CBT-I and 24 SH) who completed
treatment diaries (Table 2). At posttreatment (n = 43), CBT-I
participants (M = 28.58, SD = 2.97) reported greater satisfac-
tion with treatment than SH participants (M = 21.71, SD = 5.05),
t(41) = 5.78, p = 0.02. A larger proportion of CBT-I than SH par-
ticipants also agreed with the statements, “The techniques
I learned are logical treatments for insomnia” (100% vs. 79%),
“I am confident that the techniques I learned will improve my
insomnia” (100% vs 71%), and “I would recommend this treat-
ment to other people with insomnia” (100% vs 54%). Thus, CBT-I
was associated with greater treatment credibility and partici-
pant satisfaction than SH. A smaller proportion of CBT-I than
SH participants still met study criteria for insomnia (average
diary SOL or WASO >30 min and ISI >10) at both posttreatment
(7% vs 29%,; y? = 4.38, p = 0.04) and 1-month follow-up (4% vs
21%; ¥? = 4.08, p = 0.04).

Primary outcomes

Sleep outcomes
Descriptive and inferential statistics for all primary sleep out-
comes are depicted in Table 3. In the prediction of insomnia
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Table 3. Descriptive and inferential statistics for primary sleep and alcohol use outcomes (n = 56)

Baseline Post 1 Month Group Time GxT Cohen’s d (95% CI)
M SD M SD M SD F F F BL to Post BL to 1 mo
Insomnia severity - - - - - - 5.19* 149.40* 9.73* 1.20 0.60
CBT-I 16.43 4.06 7.15%W8 4.02 6.82W 4.01 (0.64, 1.76) (0.08,1.13)
Sleep hygiene 15.93 2.92 10.74% 3.37 9.25% 4.62
Actigraphy SE - - - - - - 0.01 0.28 2.42f 0.50 -0.01
CBT-I 76.73 6.33 78.27 6.79 75.92 9.59 (-0.04, 1.03) (0.00, 0.09)
Sleep hygiene 77.99 6.54 76.07 6.98 77.29 7.21
Diary sleep quality - - - - - - 0.10 41.72* 4.05%* -0.73 -0.04
CBT-I 1.98 0.58 2.22% 0.65 2.47% 0.63 (0.23,1.27) (0.00, 0.26)
Sleep hygiene 1.83 0.54 2.35W 0.60 2.34% 0.53
Drinks per week - - - - - - 0.09 14.34* 0.14 -0.08 -0.13
CBT-I 12.14 6.02 10.84 8.36 8.99W 7.17 (-0.45, 0.60) (-0.39, 0.66)
Sleep hygiene 13.11 8.40 11.38 9.20 9.28% 8.91
Consequences?$ - - - - - - 2.05 20.90* 2.71 0.67 0.21
CBT-I 8.29 6.50 4.25V 5.86 4.90% 5.25 (0.16, 1.20) (0.00, 0.72)
Sleep hygiene 5.93 3.61 4.52 4.30 3.33% 3.03

Cohen’s d interpreted as 0.20 small, 0.50 medium, and 0.80 large (negative effect size indicates change in favor of the control group). 1 mo, 1 month follow-up; BL,
baseline; CI, confidence interval; G x T, group by time interaction; Post, posttreatment; SE, sleep efficiency.

*p < 0.05.

Discrepant from nonimputed data (F = 3.71, p = 0.03).

*Discrepant from nonimputed data (F = 1.60, p = 0.21).

SModel controlled for between-person variability in drinks per week at baseline.
WSignificant (p < 0.01) within-group change from baseline.

ESignificant (p < 0.01) between-group difference at that time point.

Table 4. Descriptive statistics for commonly reported sleep variables (n = 56)

Baseline Posttreatment 1 month
M SD M SD M SD
Diary SOL - - - - - -
CBT-I 39.50 27.26 15.81 8.50 15.90 7.45
Sleep hygiene 41.34 22.41 22.55 15.69 24.05 17.64
Diary WASO - - - - - -
CBT-I 19.96 17.83 13.71 14.58 11.23 2.56
Sleep hygiene 21.36 18.41 13.03 16.05 11.22 2.25
Diary TST - - - - - -
CBT-1 8.47 1.28 7.61 0.92 8.12 0.96
Sleep hygiene 8.53 1.80 8.42 1.57 8.40 1.15
Diary SE - - - - - -
CBT-1 88.82 7.09 93.79 3.64 94.66 271
Sleep hygiene 88.60 5.34 93.15 4.62 93.82 2.97
Actigraphy SOL - - - - - -
CBT-I 48.83 30.85 28.99 19.61 36.45 19.32
Sleep hygiene 47.68 29.38 50.48 33.03 40.79 19.13
Actigraphy WASO - - - - - -
CBT-I 47.41 16.61 41.66 12.30 43.16 18.16
Sleep hygiene 45.14 15.90 38.21 15.38 44.42 21.85
Actigraphy TST - - - - - -
CBT-I 7.02 0.83 6.60 0.81 6.70 0.89
Sleep hygiene 7.06 0.83 6.63 117 7.01 0.78

Reports based on all available data (not imputed). SE, sleep efficiency; SOL, sleep onset latency (min); TST, total sleep time (h); WASO, wake after sleep onset (min).

severity, there was a significant group by time interaction (Table 3
and Figure 2). From baseline to posttreatment, participants in
the CBT-I group reported greater decreases in insomnia severity
(-9.61, SE = 0.84, p < 0.001) than those in the SH group (-6.68,
SE = 0.84, p < 0.001; d = 1.20); but neither group changed signifi-
cantly from posttreatment to 1-month follow-up. There were no
significant main or interaction effects for actigraphy-assessed

sleep efficiency. For sleep quality, there was a significant group
by time interaction (Table 3). Both groups reported improved
sleep quality from baseline to posttreatment (CBT-I +0.49,
SE = 0.09, p < 0.001; SH +0.51, SE = 0.09, p < 0.001), and the CBT-I
group reported continued improvements from posttreatment
to 1-month follow-up (CBT-I +0.25, SE = 0.09, p = 0.01; SH -0.01,
SE = 0.09, p = 0.89).

120z Aeniga4 gz uo 1sanb Agq G091 06S/L L LEBSZ/Z/17/o1o1ue/daa|s/wod dnoolwapede//:sdjy woly papeojumod



8 | SLEEPJ, 2021, Vol. 44, No. 2

18

—— -
16 CBT-I

1

14 Sleep Hygiene

12
10

Change in insomnia severity

o N B~ O ®

1 month

Post-treatment

Baseline

Figure 2. Group change in insomnia severity over time (n = 56), with error bars
reflecting 95% Cls.

Alcohol use outcomes
Descriptive and inferential statistics for alcohol use outcomes
are also depicted in Table 3. In the prediction of drinking quan-
tity, there was a significant effect of time: both CBT-I (-3.15,
SE =0.92, p = 0.001) and SH groups (-3.82, SE = 0.92, p < 0.001) re-
ported decreases in drinking quantity from baseline to 1-month
follow-up.2

In the prediction of alcohol-related consequences, the
group by time interaction failed to reach statistical significance
(p =0.07); however, there was a significant effect of time (Table 3).
Participants in the CBT-I condition reported a significant de-
crease in consequences from baseline to posttreatment (-4.03,
SE =0.81, p < 0.001) that was maintained at 1 month, while parti-
cipants in the SH condition reported decreases from baseline to
1 month (-2.60, SE = 0.68, p < 0.001).

Secondary analyses: indirect (mediated)
treatment effects

Change in insomnia symptoms were examined as a mediator
of the association between treatment and change in drinking
quantity. CBT-I was associated with greater posttreatment de-
creases in insomnia severity (a = —3.85, SE = 0.85; 95% CI = [-5.56,
-2.14]). However, posttreatment change in insomnia symp-
toms was not significantly associated with 1-month change
in drinking quantity (b = 0.26, SE = 0.22; 95% CI = [-0.17, 0.70]).
CBT-I did not have a significant total (0.69, SE = 1.34, p = 0.61,
95% CI = [-2.00, 3.38]), direct (c = 1.70, SE = 1.58; 95% CI = [-1.46,
4.87]), or indirect (ab = -1.01, 1.02; 95% CI = [-3.27, 0.75]) effect on
change in 1-month drinking quantity.

This model was then replicated examining change in in-
somnia symptoms as a mediator of the association between
treatment and change in alcohol-related consequences, control-
ling for baseline levels of drinking. CBT-I was associated with
greater posttreatment decreases in insomnia severity (a = —4.30,
SE = 0.86; 95% CI = [-6.03, -2.57]), and posttreatment change in

2 DDQ and daily diary estimates of drinking quantity were strongly
correlated (r = 0.75, p < 0.001). Models using the daily diary estimate
in place of the DDQ estimate of drinking quantity produced similar
results, with a significant main effect for time [F(2,62) = 3.31, p = 0.04],
no significant effect for group [F(1,56) = 0.49, p = 0.49], and no signifi-
cant group by time interaction [F(2,62) = 1.25, p = 0.29].

insomnia symptoms was significantly associated with 1-month
change in alcohol-related consequences (b = 0.35, SE = 0.13;
95% CI = [0.08, 0.61]). CBT-I did not have a significant total
(0.36, SE = 0.86, p = 0.68; 95% CI = [-1.32, 2.08]) or direct effect
(c =1.85, SE = 0.99; 95% CI = [-0.14, 3.84]) on change in 1-month
alcohol-related consequences. However, CBT-I had an indirect
(mediated) effect on alcohol-related consequences through its
influence on insomnia symptoms (ab = -1.49, SE = 0.58; 95%
CI = [-2.79, -0.53]).

Sensitivity analyses

We conducted sensitivity analyses to examine the impact of
noncompliance and data imputation on primary outcomes.
First, because time spent in treatment may impact treatment
outcomes, we reanalyzed all models controlling for number
of treatment sessions completed. Completing more treatment
sessions was associated with greater improvements in insomnia
severity (B = —-1.23, SE = 0.24; 95% CI = [-1.71, —0.75]), actigraphy-
assessed sleep efficiency (B = 2.08, SE = 0.49; 95% CI = [1.09,
3.07]), and alcohol-related consequences (B = -0.88, SE = 0.35;
95% CI = [-1.59, -0.17]). It was not significantly associated with
change in sleep quality (B = 0.07, SE = 0.05; 95% CI = [-0.04, 0.17])
or drinks per week (B = -0.38, SE = 0.72; 95% CI = [-1.83, 1.06]).
Inclusion of this covariate did not change the pattern of results
for any time by group interaction (as depicted in Table 3). To de-
termine if results differed when using an alternative method
for handling missing data, we also replicated analyses without
imputing data. Again, treatment effects were largely consistent
(see discrepancies noted in Table 3).

Discussion

CBT-I outperformed SH in reducing insomnia symptoms, which
in turn were associated with reductions in alcohol-related prob-
lems among young adults at risk for alcohol-related harm. This
suggests not only that CBT-I is effective in reducing insomnia
symptoms, but also that improvements in insomnia may have
downstream effects on alcohol-related problems. However, one
in four participants (27%) who screened eligible for the study
declined to participate, and only 64% of CBT-I participants
completed the entire treatment protocol. Thus, a five-session,
in-person treatment may not be feasible for all young adults
who engage in binge drinking. In this study, participants fre-
quently cited being “too busy” as their reason for disinterest
or treatment drop-out. Although posttreatment effects tend to
be smaller, CBT-I has demonstrated efficacy when delivered by
phone [51] or internet [52]. Thus, these modalities and shorter
protocols may be considered in future treatment or clinical
settings.

On average, at the end of treatment, CBT-I participants re-
ported a 56% reduction in insomnia severity, whereas those
receiving SH reported 32% reduction. This represented a large
treatment effect (Cohen’s d = 1.20), so we were surprised that
CBT-I did not have stronger effects on other measures of sleep
impairment. While the change was not statistically signifi-
cant (and, therefore, should be interpreted with caution), CBT-I
seemed to have a moderate effect on actigraphy-assessed sleep
efficiency at posttreatment relative to SH. Interestingly, par-
ticipants in both groups reported increases in sleep quality at
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posttreatment, with SH participants reporting nonsignificantly
larger increases in sleep quality than CBT-I participants. We
speculate that we did not find stronger CBT-I effects due in
part to this unexpected level of sleep improvement among SH
participants.

SH education is not recommended as a stand-alone treat-
ment for insomnia [53] and tends to have significantly smaller
effects than CBT-I [54]. However, in this study, participants in
both groups reviewed SH recommendations every day while
completing sleep diaries. Moreover, due to an oversight, SH
(as well as CBT-I) participants were prompted on daily diaries
to indicate if they had gotten out of bed during nighttime
awakenings. While participants in both conditions reported
relatively low compliance with this recommendation (~30%),
it seems likely that diaries prompted SH participants to en-
gage in partial stimulus control, as the diaries were the only
part of the study that provided this instruction to SH partici-
pants. Moreover, research in both the sleep [55] and alcohol
[56] fields has found that daily monitoring of behavior may
impact these behaviors, at least in the short-term. Thus, daily
self-monitoring may have facilitated improvements in in-
somnia in both treatment groups.

While we did not find a significant treatment effect on
alcohol-related consequences, improvements in insomnia were
associated with reductions in alcohol-related consequences.
The potential for insomnia treatment to influence alcohol-
related consequences has significant implications for the pre-
vention and treatment of problematic alcohol use among young
adults. Individuals tend to report a preference for insomnia
treatment relative to other mental health treatment (e.g. al-
cohol use, depression, and PTSD) [57, 58]. Moreover, the ma-
jority of heavy drinkers do not seek help for alcohol use, even if
they report problems [8]. Thus, identifying other forms of treat-
ment that either influence alcohol outcomes or open the door
to alcohol-related treatment is critical. The results of this study
indicate that insomnia treatment may facilitate improvements
in alcohol-related outcomes and, therefore, may be an ideal first
step toward treatment among binge-drinking young adults with
insomnia.

Limitations

This study tested the efficacy of CBT-I in a high-risk sample that
is likely to be generalizable, given the limited number of exclu-
sion criteria. It also examined change in insomnia as a poten-
tial mechanism for improvement in alcohol-related problems.
This is novel methodologically and has high potential impact;
however, there were limitations to the study design. First, we
compared CBT-I to the least stringent control condition that was
ethical to use (single-session SH). While this design is appro-
priate for the mechanistic trials that this study aims to inform
[59], we did not compare CBT-I to a treatment matched for time
and content; therefore, observed results may be attributable
in part to nonspecific therapy effects (e.g. more therapy hours
in CBT-I). Also, because CBT-I was more credible than SH and
associated with greater participant satisfaction, it is possible
that placebo effects accounted in part for treatment outcomes.
Future studies may determine if there is something unique to
CBT-I (vs other treatments or placebo) that elicits change in
sleep and alcohol-related outcomes within this population.
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Additional research is also needed to examine the duration of
treatment effects, as outcomes reported here were limited to
1 month.

Certain aspects of our sample also limit generalizability.
For example, the sample was relatively small and comprised
primarily of women and European Americans. Given the di-
versity of young adults in the United States, research exam-
ining the generalizability of these results among more diverse
groups is needed. Finally, although a large number of partici-
pants met criteria for AUD, the majority of cases (28/47; 60%)
were mild, and only 5 reported experiencing 2+ withdrawal
symptoms in the past year. Moreover, participants reported
primarily social (as opposed to coping) motives for alcohol
use, and only 7 (13%) reported using alcohol to help with sleep.
Individuals with more severe AUD and those going through al-
cohol withdrawal may have different motives for alcohol use,
and alcohol may have different physiological effects on sleep
in this population [60]. As such, research examining the ex-
tent to which findings may generalize to individuals in treat-
ment for moderate to severe AUD is needed. Although use of
alcohol as a sleep aid was uncommon in this sample, future
research may also examine the extent to which use of alcohol
as a sleep aid impacts treatment adherence and outcomes, as
individuals with insomnia who use large doses of alcohol be-
fore bedtime may persist in using alcohol to help with sleep,
even when the acute benefits of such alcohol use diminish
with repeated use [61].

Conclusion

This study documents that CBT-I is more effective than
“usual care” (single-session SH recommendations) in redu-
cing symptoms of insomnia among young adults who are ac-
tively drinking, even in the absence of alcohol intervention.
The potential for insomnia treatment to facilitate improve-
ments in other forms of mental health (e.g. alcohol-related
consequences) is especially important in this population,
who demonstrate high rates of alcohol-related problems
and low perceived need for treatment. Additional research
is needed to determine if early intervention on sleep prob-
lems may delay onset of alcohol use or prevent progression to
problematic use.
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