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ORIGINAL ARTICLE
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Abstract

Study Objectives: Our aim was to compare the effects of Internet-delivered cognitive therapy (CT) and behavior therapy (BT) against a waitlist (WL) condition to

better understand their unique contribution in the treatment of insomnia.

Methods: Two hundred and nineteen participants with insomnia disorder were randomized to CT (n = 72), BT (n = 73), or WL (n = 74). The treatment arms consisted of
10 weekly internet-delivered modules with 15 min of telephone support per week. At pre, post, and follow-up, participants completed measures of insomnia severity,
sleep diaries, functional impairment, anxiety, depression, quality of life, adverse events, satisfaction and perception of content, workload, and activity in treatment.
Measures of completed exercises, modules, therapist support, and platform logins were also measured at posttreatment.

Results: Moderate to large effect sizes for both CT and BT outperformed the WL on the majority of outcomes, with significant differences in favor of both therapy
groups. Both treatment groups had significantly larger proportion of treatment remitters (CT: 35.8%, BT: 40%, WL: 2.7%) and responders (CT: 74.6%, BT 58.6%, WL:
10.8%) compared to the WL at posttreatment. There were no significant differences between the two therapy groups in terms of outcomes, except for sleep onset
latency in favor of BT (6 min difference at posttreatment) and adverse events in favor of CT (CT 14.1% vs BT 43.2%).

Conclusions: This study indicates that both Internet-delivered CT and BT are effective as stand-alone therapies for insomnia disorder.
Results highlight the need for examining which therapy and subcomponents that are necessary for change.

ClinicalTrials.gov Identifier: NCT02984670

Statement of Significance

The unique contribution of this study is that both cognitive therapy and behavior therapy (the main therapies in CBT-I) are compared
against a waitlist (WL) condition, that the therapies are internet-delivered, and a wide range of measures are included, e.g. adverse events
and treatment activity. Both therapies were significantly more effective than the WL condition and only differed significantly on one out-
come (sleep onset latency), thus indicating that both cognitive therapy and behavior therapy are effective as stand-alone therapies. These
findings pave the way for health care to more flexibly choose between one of the therapies for treating insomnia. Future research is still
needed on the unique efficacy of specific CBT-I components and what moderates and mediates the effects of both therapies.
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Introduction

Difficulties initiating, returning to, or waking up too early from
sleep, in combination with daytime consequences (worry or
functional impairment), are the main symptoms experienced
by people suffering from insomnia disorder. Insomnia disorder
affects 6%-10% of the population [1, 2] and is for the individual
associated with a number of negative effects (e.g. psychological
distress, decreased daytime functioning, higher sick leave) [3-6],
which, together with the fact that insomnia tends to remain if
untreated [7], highlights the importance of effective treatments
for the condition. Cognitive Behavioral Therapy for Insomnia
(CBT-I) has a solid empirical base and is considered the treat-
ment of choice for insomnia since it has both short- and
long-term effects [8, 9]. However, although CBT-I is thoroughly
studied, little is still known about the unique effects of its main
therapies, behavior therapy (BT) and cognitive therapy (CT) [1,
10]. This is a critical knowledge gap because CT and BT represent
two distinct therapeutic approaches, with fairly distinct theor-
etical underpinnings and techniques, which hypothetically also
suggest unique effects on treatment outcomes. Comparative
examinations of the main therapies in CBT-I could be one way
to gain knowledge about potential unique effects of CT and BT,
as well as under- or over-targeted maintaining factors in CBT-I,
which subsequently could aid in optimizing the effectiveness
of CBT-I.

Behavioral therapy and cognitive therapy thus represent two
distinct approaches to managing insomnia that builds on sep-
arate theoretical grounds. BT, on the one hand, is based on two
biological theories or models of sleep: the circadian system and
the homeostatic system, which are proposed to regulate our
sleep-wake pattern and our drive for sleep, based on interaction
with the dark-light cycle, and based on our time spent awake or
asleep [11-14]. The aim of BT is to regulate these biological sys-
tems for optimal sleep to occur by applying two behavioral tech-
niques: sleep restriction (SR) and stimulus control (SC) [12, 13].
Cognitive therapy (CT), on the other hand, rests on a cognitive
model of insomnia [15] that, building on important prior con-
tributions [16-18], proposes that cognitive arousal (worry about
sleep and daytime impairment fueled by dysfunctional beliefs)
triggers autonomic arousal and distress, which are both viewed
as unhelpful for sleep initiation and maintenance, as well as
daytime functioning. In the process of coping with this anxious
state of insomnia, the individual engages in selective attention
to sleep-related threat and safety behaviors to avoid potential
sleep difficulties or daytime impairment. Together these pro-
cesses result in a vicious cycle, leading to misperception of
symptoms, more worry, and associated arousal that maintain
the insomnia symptoms. CT aims to break this vicious cycle
and its effects on sleep and daytime symptoms by targeting the
abovementioned cognitive processes. This is achieved by the use
of behavioral experiments and the identification and challen-
ging of negative automatic thoughts.

In terms of evidence, research on the relative effects of BT
and CT is limited, especially regarding CT and in terms of com-
parative studies in which both therapies are included as sep-
arate arms in a randomized controlled study. The therapy most
thoroughly examined is BT, involving SR and SC. BT has in a
number of trials demonstrated efficacy and is considered a well-
established psychological therapy for insomnia disorder [10].
When it comes to CT, the evidence is more limited [10], with

one open trial [19] and more recently one randomized controlled
trial (RCT) comparing CT and BT to CBT-I [20], all indicating
that CT can be effective. However, the paucity of comparative
studies of CT and BT hinders a solid conclusion. Although the
dismantling study by Harvey et al. [20] showed effects of both
CT and BT, a couple of questions still remain. First, since this
was the first study directly comparing CT with BT in the same
randomized design, further replication is warranted. Second, al-
though internet-delivered CBT-I for insomnia is well established
with comparable effects to face-to-face CBT-I [9], little or no in-
formation is available on the unique effects of CT and BT de-
livered over the internet. Thus, examining the effects of CT and
BT delivered over the internet could add further evidence of their
unique efficacy across delivery modes. Third, since there was no
waitlist (WL) in the former trial, we cannot rule out alternative
explanations for the positive effects of treatments including
spontaneous recovery, regression to the mean, and effects of
measurement. Thus, adding a WL can further add to the cur-
rent evidence base. Additionally, when contrasting CT against
BT, there are important additional outcomes that could eluci-
date potential differences, such as adverse effects, treatment
satisfaction, participants’ perception of texts, exercises, and
treatment workloads is of interest to more thoroughly contrast
these therapies. Hence, further comparative examination of CT
and BT is a strategy that subsequently could aid in elucidating
how each therapy has an impact on insomnia symptomatology.

Therefore, the aim of this study was to directly compare CT
and BT against a WL condition and to examine the differential
effects of treatment on a broad range of outcomes related to
therapy (expectancy/credibility, completion, satisfaction, treat-
ment dropout, and activity), adverse effects and efficacy on in-
somnia severity, sleep-diary measures, functional impairment,
symptoms of anxiety and depression, and quality of life.

Based on their theoretical underpinnings, we hypothesized
that BT’s aim is to regulate nighttime processes would result in
greater improvements on sleep-diary outcomes relative to CT,
and CT’s focus on both night and daytime symptoms to be more
effective on outcomes related to the day (i.e. functional impair-
ment, anxiety, depression, and quality of life), relative to BT. It
was further hypothesized that both therapies would outperform
the WL condition.

Methods
Study design and conditions

The study was registered at clinicaltrials.gov, approval number:
NCTO02984670, as a randomized controlled trial (RCT). The trial
was conducted at a university setting in Sweden and included a
total of 219 participants randomized into three conditions: two
active treatment groups, CT (n = 72) and BT (n = 73), and a WL
control group (WL; n = 74). The total number of included parti-
cipants in this trial was estimated, using a priori analyses with
G*Power 3.1.9 [21]. Using a fixed effect mixed design ANOVA for
superiority testing comparing all three conditions against each
other with three repeated assessments of Insomnia Severity
Index (ISI) under standard power conditions (80%, two-tailed
alpha 0.05), with an expected study dropout of 24.7% [9], the
study was powered to detect an overall time by group interaction
effect size of small magnitude (f = 0.1). Thus, the study was suf-
ficiently powered to detect an overall small effect between all



three groups. This trial will be presented in several papers (e.g.
outcomes, moderators, and mediators), but the focus of this art-
icle will be on comparing outcomes between the groups.

The study was reviewed and approved by the Regional Ethical
Board in Stockholm, Sweden (reference number 2016/856-31).
Participants gave written informed consent as a digital signa-
ture, and all data related to participation were handled through
a secure online platform, which ensured anonymity and safety
during the whole treatment period [22].

Participants

Participants were recruited through advertisements in the daily
press and in social media as well as on an internet platform
for ongoing internet CBT studies, from August 2016 to February
2017. To be eligible for this trial, participants had to undergo
three screening phases that consisted of a questionnaire on
the web, a telephone interview, and the completion of a sleep-
diary (7 days). A summary of the flow of participants through
the study is presented in Figure 1. The criteria used for inclu-
sion and exclusion in the three screening phases were based on
expert recommendation for a standard research assessment of
insomnia and The Diagnostic and Statistical Manual of Mental
Disorders 5 [23-26].

To be eligible for the study, participants had to register them-
selves on the Internet platform. The registration included a web-
based screening questionnaire that took approximately 30 min
to complete, and which served as part 1 out of the 3 screening
phases. At this first phase, participants had to meet the following
criteria for inclusion: occurrence of sleeping difficulties 3 nights
or more per week during at least 3 months despite adequate
opportunities for sleep and the following scores on ISI: a total
score of 11 or more, a score of at least 2 on one of the three ques-
tions regarding nighttime symptoms (items 1-3), and a score of
2 or more on at least one of the two questions regarding day-
time deficits (items 5 and 7) [27, 28]. It was further required that
participants had time and opportunity to participate in therapy
for 10 weeks, read approximately 15 pages per week, and exe-
cute homework on a daily to weekly basis. Finally, participants
needed to have access to a computer, a cellphone, email, and the
Internet. The following criteria were used for exclusion: severe
depression (more than 30 points on the self-rated Montgomery-
Asberg Depression Rating Scale [MADRS-S]) [29] and high sui-
cidal ideation (4 points or more on item 9 in MADRS-S).

Potential participants eligible for phase 2 were contacted
for a 30 min semi-structured telephone interview based on the
Duke Structured Interview for Sleep Disorders (DSISD) and the
Mini International Neuropsychiatric Interview (MINI) [30, 31] to
document sleep and mental disorders. In addition, these inter-
views aimed to assess and exclude participants if sleeping
problems were due to obvious environmental conditions (e.g.
pregnancy, small children, animals, or disturbing sounds in
the sleep environment), night or rotating shift work (>3 shifts a
week), high intake of alcohol (>2 standard drinks a day) or caf-
feine (>4 beverages a day or >2 after 6 pm), or if participation in
CBT-I had occurred within the past 5 years. For inclusion, it was
further required that reported somatic conditions were stable
and/or that the candidate was receiving treatment for the condi-
tion. Insomnia should also be the most disabling and distressing
condition, or that insomnia was still present despite treatment
for any somatic or psychiatric comorbidity if comorbidities
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were present. For medication, the following criteria were used:
(1) if sleep medication was used, it had to be relatively stable
for the last three months, (2) if selective serotonin reuptake in-
hibitor use was reported, the onset of the medication, or the
last change of dosage should be at least three months prior to
the telephone interview, and (3) if participants were regularly
consuming sleep-disturbing medications, they were excluded.
Further criteria for exclusion were participants with a history of
psychotic or bipolar disorders and candidates with the following
primary sleep disorders: sleep apnea, restless legs syndrome,
periodic limb movement disorder, circadian rhythm disorder,
and parasomnias.

Those eligible for phase 3 of the screening process were in-
vited, as a final step, to fill in a 7-day sleep diary (for descrip-
tion, see assessment measures below). For inclusion we required
at least 3 days of registered sleep difficulties, i.e. initiating,
maintaining, or waking up to early, defined as 30 min or more
for each occasion.

Participants who met the study criteria were randomly allo-
cated by one of the authors, using randomization data provided
by a second author (from an Internet-based random generator
www.randomizer.org [Accessed August 15, 2016]) to one of the
three groups (CT, BT, or WL). In total, 219 participants diagnosed
with insomnia disorder were randomized to CT (n = 72), BT
(n = 73), or WL (n = 74). After randomization, each participant
received a message with information about his or her group al-
location. Those allocated to the active treatment arms were in-
formed that their therapist would contact them within 2 weeks
for initiation of therapy. Those allocated to WL were informed
about their inclusion in the study, that they were in the WL
group, that they would initiate their treatment in 10 weeks, and
were during the treatment period for CT and BT administered
outcome measures at pretreatment, biweekly (primary out-
come), and at posttreatment.

Treatments

The treatment was delivered over the Internet in a self-help
format over 10 weeks, containing one module per week, with
telephone support. The number of weeks was determined
based on previous research [10, 19, 20]. The self-help format
meant that all information needed for the participant to apply
the cognitive and behavioral techniques in exercises on their
own was presented in the PDF files supplied to each partici-
pant. Besides presenting each module as PDF files, the online
platform also contained registration sheets for the exercises.
In addition, each participant was offered 15 min a week of
telephone support. This consisted of feedback on registered
homework, help to problem solve issues with completing or
understanding homework assignments, and ended with de-
livery of the next internet module (for participants to proceed
to the next module in treatment we required, as a minimum,
either a registration of one exercise or the participation in the
weekly telephone call). The telephone support call was de-
livered by either a licensed clinical psychologist or a master
student who were at the end of their clinical training. Prior
to their participation in the study, therapists were required
to read all 10 self-help internet modules, a therapist manual
used to secure integrity and minimize risk of contamination,
and finally participate in a therapist workshop. The therapist
manual consisted of weekly protocols for the therapist and a
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Completed internet
screening / Assessed for
eligibility (n=423)

Excluded (39)

Excluded (141)

+ Bipolar disorder (n=5)

+ Other primary (somatic, psychiatric)
disorder (n=8)

+ Not enough insomnia sympt. (n=14)

+ Not able to meet time or technical
requirements (n=2)

+ Suicide risk or severe depression
(n=20)

v

A

+ Other primary sleep disorder (n=21)

+ Shiftwork (n=3)

+ Irregular or sleep disturbing medication Telephone
(n=4) < screening

+ CBT-I within 5 years (n=3)

+ Initiated other treatment (n=1)
+ Failed to get in contact for interview

A 4

(n=99) ] Excluded (24)
Sleep diary + Waketime <30 min or <3 days
screening > (n=1)
+ Incomplete sleep diary (n=23)
A\ 4
Randomized (n=219)
v v v
Cognitive Therapy (n=72) Behavior Therapy (n=73) Waitlist (n=74)
+ Completed full treatment (n=56) + Completed full treatment (n=63) + Dropped out of waitlist (n=0)
+ Dropped out of treatment (n=12) + Dropped out of treatment (n=10) + Available for analysis at POST:
+ Available for analysis at POST: + Available for analysis at POST: + Questionnaires (n=74)
+ Questionnaires (n=65-67) + Questionnaires (n=70) + Sleep diaries (n=73)
+ Sleep diaries (n=48) + Sleep diaries (n=57)
v
+ Available for FU6 analysis: + Available for FU6 analysis:
+ Questionnaires (n=68) + Questionnaires (n=68)
+ Lost to follow-up (n=0) + Lost to follow-up (n=2)
v v v
Analysed (n=71) Analysed (n=73) Analysed (n=74)
+ Excluded from analysis (n=1; + Excluded from analysis (n=0) + Excluded from analysis (n=0)
initiated hypnotic treatment)

Figure 1. Flowchart.

general description of how to deliver the 15-min support call,
as well as how to handle potential questions relating to treat-
ment integrity. The workshop was used as a way of discussing
and solving questions regarding delivery, integrity, and con-
tamination. Integrity and contamination issues were also
automatically handled by the fact that each therapy was de-
livered in text where participants in each group thus received
exactly the same material. After treatment had been initiated
all therapist were allowed supervision on a need to basis.

BT consisted of SR, SC, and sleep hygiene (SH) (for a treat-
ment outline over the 10 weeks, see Table S1 in supplemental
materials). SR evolved as a technique to target the proposal that
insomnia is perpetuated by excessive time in bed (TIB). The aim
of SR is therefore to limit TIB in alignment to actual sleep time
and thereafter gradually increasing TIB until an optimal sleep
time is achieved [13]. SC rests on the hypothesis that condi-
tioning between temporal (around bedtime in the bedroom) and
environmental stimuli (e.g. worry/frustration and arousal) have



occurred, which is incompatible with sleep and decreases like-
lihood for sleep. The aim of SC is to recondition the bed with
sleep by increasing sleep compatible behaviors and limit sleep-
disturbing behaviors around bedtime. This is achieved by a
number of techniques or prescribed rules to follow, such as go
to bed only when sleepy, getting out of bed whenever unable to
fall asleep within 15 min, and having a fixed risetime for getting
out of bed in the morning [12, 32, 33]. SH is intended to enhance,
or at least remove obstacles to progress, by providing general
guidelines about health and environmental practices that might
interfere or promote sleep. The aim of SH is to optimize these
health and environmental factors (e.g. diet, exercise, substance
use, light, noise, temperature) for sleep [34, 35].

Cognitive therapy [15, 17, 19, 20, 36] as used in this trial
(see Table 1 for a treatment outline over the 10 weeks) rests on
increasing evidence that the following cognitive maintaining
processes are involved in insomnia: (1) sleep-interfering or
sleep-related worry, (2) unhelpful beliefs about sleep, (3) atten-
tional bias and monitoring for sleep-related threat, (4) misper-
ception of sleep, and (5) safety behaviors. The aim of CT is to
reverse these maintaining mechanisms’ influence on both day
and nighttime symptoms in insomnia, through cognitive re-
structuring, achieved mainly by behavioral experiments [19, 34].

Assessment measures

We administered included measures at the following assess-
ment points: diagnostic measures at pretreatment, treat-
ment credibility during the first week of therapy, primary
outcome biweekly from pre- to posttreatment, and also at

Table 1. Participant characteristics at baseline
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6-month follow-up (follow-up), nighttime symptoms pre- and
posttreatment as well as biweekly for the treatment groups, sec-
ondary outcomes pre- and posttreatment and at follow-up, and
treatment satisfaction, sick leave, healthcare consumption, con-
comitant insomnia treatment at posttreatment. Since the WL
received treatment after 10 weeks, only CT and BT received the
follow-up measures. In addition, the two therapy groups com-
pleted measures on their experience of treatment, therapists,
workload, and activity at posttreatment.

All self-report measures were delivered via the internet plat-
form. Specifically, each questionnaire was delivered by email that
contained a unique link to the questionnaire (the link was also
available on the study platform). In total, three automatic email re-
minders were sent out if an assessment had not been completed.

Diagnostic measures

In order to identify the psychiatric comorbidities, we used the
following modules of The Mini International Neuropsychiatric
Interview (M.LN.I. 6.0.0 (2009-02-20). Swedish version): Major
depressive disorder, Suicidality, Mania, Panic disorder, Social
phobia, Posttraumatic stress disorder, Psychotic disorder, and
Generalized anxiety disorder. The MINI is a semi-structured
clinical interview with good reliability and validity [31]. To assess
diagnostic criteria for sleep disorders, DSISD was used [30]. The
DSISD is a semi-structured interview with good reliability and
validity [30]. The structured interviews were conducted by the
first and last authors as well as by two trained master students
at the end of their clinical training who received supervision on
a need to basis.

Cognitive therapy (n =72)

Behavior therapy (n =73)

Waitlist (n = 74)

% n M SD % n M SD % n M SD

Gender (female) 76.4 55 69.9 51 73 54

Age 51.5 12.5 51.8 14.5 54.2 14.6
Marital status

Single 30.6 22 31.5 23 24.3 18

Married/partner 69.4 50 68.5 50 75.7 56

/separated
Education

High School 19.4 14 21.9 16 23 17

University 80.6 58 78.1 57 77 57
Employment

Employed/stud. 83.3 60 75.3 55 66.2 49
Unemployed 5.6 4 4.1 3 6.8 5

Retired 111 8 20.5 15 27 20

Insomnia duration 12.0 10.7 111 10.3 11.9 13.7

Insomnia severity 19.9 3.4 19.0 3.2 19.3 3.2
Medication

Hypnotic 40.3 29 46.6 34 40.5 30

Other* 45.8 33 46.6 34 446 33
Comorbidity

Somatict 333 24 16.4 12 23.0 17

Psychiatric * 16.7 12 13.7 10 18.9 14

*Types of medication for the sample in total: antidepressants 7.3%, anti-inflammatory medications 2.3%, central stimulants 0.9%, for allergy 4.1%, for asthma 3.2%,
for cancer 0.5%, for diabetes 1.4%, for epilepsy 0.9%, for gastric issues 1.4%, for headache 2.7%, for heart diseases 15.5%, for parkinson 0.5%, for thyroid gland 8.2%,

tranquilizers 8.2%.

Types of somatic diseases for the sample in total: autoimmune diseases 5.0%, cancer 1.8%, chronic pain 6.8%, endocrinological diseases 1.4%, gastric diseases 3.2%,
headache 2.7%, heart diseases 4.1%, respiratory diseases 1.8%, neurological diseases 0.9%.
*Depression 5.9%, GAD 8.2%, panic disorder 0.5%, PTSD 0.9%, social phobia 5.9%.
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Primary outcome

The ISI [27, 28] was used to assess participants’ global percep-
tion of insomnia severity. ISI was also used to categorize the
number of responders and remitters at posttreatment. The
seven-item questionnaire is rated on a 5-point scale (0-4) with a
total score of 0-28 and assesses both night and daytime symp-
toms (difficulties with initiating and maintaining sleep, satisfac-
tion, and concern with sleep and daytime impairment due to
sleep). Response to treatment was defined as achieving a change
of 8 points or more and remission as a final score below 8 [28].
The scale has demonstrated adequate internal consistency
(Cronbach’s a = .91) and temporal stability (r = .80) as well as
being sensitive to therapeutic changes [37-39]. ISI has also been
validated for use over the Internet [40].

Nighttime symptoms

To assess nighttime symptoms, a 7-day sleep diary [41] was used
[17]. The diary assessed bedtime, lights out time, sleep onset la-
tency (SOL), wake time after sleep onset (WASO), early morning
awakening (EMA), and risetime. From these measures, the on-
line diary automatically calculated total sleep time (TST). For
those receiving BT, the diary also calculated TIB and sleep effi-
ciency (SE). Outcome measures at pre- and posttreatment were
calculated as weekly means of SOL, WASO, EMA, and TST. The
sleep diary is considered the gold standard subjective measure
of sleep with reliable estimates of sleep [25].

Secondary symptoms

To assess functional impairment, the Work and Social
Adjustment Scale was used (WSAS) [42]. The WSAS assesses
functioning across work, home management, social and private
leisure activities, and relationships with others. The five-item
questionnaire is rated on a 9-point scale (0-8) with a total score
of 0-40. A previous study showed robust psychometric proper-
ties for the WSAS in insomnia patients [43].

To measure anxiety and depression, The Hospital Anxiety
and Depression Scale was used (HADS) [44]. The HADS is a brief
questionnaire containing 14 items designed to detect emo-
tional disturbances in nonpsychiatric populations. It contains
two subscales, of seven items each, assessing anxiety and de-
pression. The scale has demonstrated acceptable psychometric
properties [45, 46].

To evaluate quality of life, the Brunnsviken Brief Quality of
Life was used (BBQ) [47]. The BBQ consists of 12 items assessing
quality of life in six areas of life. The scale has good psycho-
metric properties and is sensitive for distinguishing clinical and
nonclinical samples as well as response to treatment [47, 48].

Treatment credibility, expectancy, and satisfaction

To assess treatment expectancy and credibility of both inter-
ventions, the Credibility/Expectancy Questionnaire (CEQ) [49]
was administered. CEQ is a six-item questionnaire with dem-
onstrated acceptable psychometric characteristics and has indi-
cated ability to predict outcome [49, 50].

To assess treatment satisfaction, the Client Satisfaction
Questionnaire was used (CSQ-8) [51]. CSQ-8 has demonstrated
high internal consistency [51].

Treatment dropout and adherence

To assess treatment attrition and activity, data from the digital
platform were summarized concerning treatment dropout,
number of modules, number of logins on the study platform
during the active treatment period, degree of total exercises
completed, number of calls, and total minutes of telephone
support.

Self-rated experience of treatment, therapists,
workload, and activity

At posttreatment, participants were asked to rate how they
perceived the therapy, the help from their therapist, and their
activity during treatment. The therapies were rated in terms of
how relevant and interesting the texts were, the amount of text,
how demanding treatment was to undergo, and how strenuous
it was to complete exercises. Degree of help received and how
often issues were brought up with the therapists were also re-
ported by participants. Their activity in terms of hours devoted
per week for reading and performing exercises, degree of text
read in total during the course of treatment (%), and amount of
work invested in exercises was also collected.

Sick leave, healthcare consumption, concomitant
insomnia treatment

To control for potential group differences on sick leave,
healthcare consumption, and concomitant insomnia treatment,
we assessed the occurrence of these at posttreatment and at
follow-up with one item per domain. For sick leave, we asked
how many days the participants had been on sick leave using
three response categories (0 days, 1-14 days, and 15-180 days).
To assess healthcare consumption, we asked whether partici-
pants had sought health care for the sleeping problems during
the past 10 weeks or 6 months using three response categories
(no, yes: in regular care, or yes: outside regular care). For con-
comitant insomnia treatment, we asked whether participants
had undergone other insomnia treatments for their sleeping
problems during the past 10 weeks or 6 months using three
response categories [yes: with sleeping pills, yes: with other
pharmacological agents, or yes: with nonpharmacological treat-
ments (i.e. psychological and alternative treatments)].

Adverse events

Adverse events were assessed based on a method used in prior
research where participants were asked, after treatment, to rate if
any of 14 adverse events had occurred as a result of treatment [52].

Data analytic plan and statistical analyses

To contrast outcomes on variables related specifically to the
treatments (CEQ, CSQ, treatment dropout, module comple-
tion, adverse effects, therapist support, and activity) and ana-
lyze differences between treatment completers and treatment
dropouts, we used one-way ANOVA and t-tests for continuous
distributed variables and chi-squared test of independence for
categorical variables.

The primary data analytic models for continuous and cat-
egorical outcomes were fitted using full information maximum



likelihood estimation with nonnormality robust standard errors
using Mplus vs. 7.4 [53]. Following the intention-to-treat principle,
all models made use of all available data from all individuals
who were randomized. Full information maximum likelihood
estimation, which models all available observations jointly to es-
timate model parameters without imputation [54], is one of two
recommended methods for handling missing data given that it
provides unbiased estimates and standard errors under a more
lenient missing data assumption (i.e. missing at random) [54, 55].
Throughout, comparisons were two tailed and treated as statis-
tically significant at the level of p < 0.05 using normal theory tests
(i.e. estimate[est]/standard error[S.E.]). Confidence intervals (CIs)
are given with 95% margin. For continuous outcomes, effect sizes
in the form of standardized mean differences (d) were derived
from the model-implied means at endpoint assessment and the
standard deviation at baseline [56]. For categorical outcomes,
odds ratio effect sizes were calculated based on the unstandard-
ized beta coefficient from the regression models.

Two sets of primary outcome analyses were conducted. The
first set aimed to determine the immediate effects of therapies
compared with the WL on outcomes measured during the active
treatment phase (from baseline to week 10), whereas the second
set aimed to compare the two active therapies using all avail-
able measurement points, from pre- to posttreatment for sleep-
diary outcomes (six assessments points) and over the extended
follow-up period (from baseline to 6-month follow-up) for the
other outcomes. Given that individuals in the WL received treat-
ment following postassessment, only the two active therapies
were compared over the follow-up in the second set of analyses.

Latent growth modeling with random effects (person-specific
trajectories) was used as the primary analytic approach to model
individual change as a function of conditions and handle de-
pendence in the data due to repeated-measures over time [57].
We followed recommendations for model building for growth
models [57, 58], and population change was determined by visual
inspection of observed means and individual trajectories and
analytically by assessing model fit using fit indices for growth
models [59]. Correlated subject-specific random coefficients (i.e.
random intercept and slopes) were retained whenever they sig-
nificantly contributed to the model. For the primary outcome
measure ISI, which was measured biweekly during the active
treatment period, a growth model with a random intercept,
linear, and quadratic slope was fitted. Two binary variables rep-
resenting the three conditions (with the WL as the reference cat-
egory) were included as fixed predictors of linear and quadratic
trajectories in the model to examine average differential change
as a function of conditions (i.e. CT versus WL and BT versus WL).
For the secondary measures, a random intercept and fixed linear
slope were fitted and the same binary treatment variables were
included as fixed predictors of the linear trajectories. Error terms
in the models were constrained to be equal over time.

For the second set of models that used all measurement
points and compared the two active therapies, piecewise growth
models [S57, 60] were fitted to adequately model nonlinear
change and capture change and differential change as a func-
tion of treatment during the distinct phases of the trial (i.e.
pre-post and follow-up phase). For the primary outcome ISI,
change during the first piece (pre- and postassessments) was
modeled with a random linear and quadratic slope, whereas
change during the second piece (post and follow-up assess-
ments) was modeled as a fixed linear slope. For the secondary
outcome measures, two fixed linear slopes were used to model
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change during the pre-postassessment (piece 1) and follow-up
period (piece 2). Averaged population change across conditions
(i.e. main effect of time), and the averaged differential rates of
change per therapy were assessed in each phase by including
the treatment variable (CT = -0.5, BT = 0.5) as a fixed predictor of
trajectories in the first and second piece.

The rates of response and remission extracted from the
primary outcome ISI (defined under measures) were analyzed
from pretreatment to posttreatment and from pretreatment to
6-month follow-up with logistic regression holding constant the
pretreatment scores on ISI.

Results
Sample and patient characteristics

The sample mean age was 52.5 (N = 219) years, and 73.1%
(n = 160) were females. Across conditions, 42.5% (n = 93) reported
use of sleeping pills, 16.4% (n = 36) stated a psychiatric and 24.2%
(n = 53) a somatic comorbid disorder, and 45.7% (n = 100) used
medications for somatic conditions.

Treatment dropout and adherence

Table 2 presents descriptive statistics on treatment dropout
(overall treatment dropout was 15.3%) and adherence to treat-
ment (number of modules, number of logins, exercises com-
pleted, therapist support, and module at dropout) as a function
of conditions along with results from inferential tests of differ-
ences between conditions. One significant difference between
conditions was observed on one of the variables measuring ad-
herence to treatment, indicating longer support calls for the CT
group as compared with BT.

No significant differences were found between those who
completed and those who dropped out of treatment concerning
all variables in Table 1 (range p = 0.102-0.857). Zero participants
dropped out of the WL.

Treatment credibility/expectancy and satisfaction

Both therapies were rated with high credibility, expectancy, and
client satisfaction, with no statistically significant differences
between the therapies. (For details see Table 2.)

Self-rated experience of treatments, therapists,
workload, and activity

Concerning the participants’ experiences of treatment, therap-
ists, workload, and activity, the following significant differences
were found: text perceived as interesting in favor of CT, hours/
week spent on treatment with CT spending more, and on the
degree of work invested with participants in BT investing more
work. (For details see Table 2.)

Analysis of immediate treatment effects

Primary outcome

Figure 2 depicts the observed and estimated means for the bi-
weekly measurements on ISI during the active treatment phase
for both treatment arms and the WL. As observed in Table 3,
the term in the growth model that tested differential change
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Table 2. Treatment credibility, expectancy, satisfaction, and self-rated: activity and user-experience

Cognitive therapy Behavior therapy
n=71) (n=73)
M (SD) n % M (SD) n % ¥2/F/t
CEQ
Credibility 19.2 (3.9) 19.6 (3.3) —0.743,p = 0.459
Expectancy 17.3 (5.4) 18.8 (4) 1.868, p = 0.064
csQ 25.7 (4.6) 25.2 (5.7) 0.546, p = 0.586
Activity measures
Treatment dropout 12 16.9 10 137 0.285,p =0.593
Module at dropout* 3.67 (1.9) 3(1.8) 0.840, p = 0.411
Number of modulest 8.89 (2.5) 9.05 (2.5) -0.403,p = 0.688
Number of logins (n) 32.8 (16.9) 30.5 (18.5) 0.776,p = 0.439
Exercises completed 77.1 81.6 -0.917,p=0.361
Number of support calls 8.41 (2.6) 8.86 (2.6) 1.042,p =0.299
Total minutes of support calls 111.1 (42.1) 97.0 (38.8) 4.357,p =0.039
Perception of treatment
Amount of text* 3.46 (0.7) 3.67 (0.7) -1.762, p = 0.080
Text perceived as interesting/relevant® 3.95(0.7) 3.69 (0.8) 2.116,p = 0.036
How strenuous exercises were to executel 2.89 (0.9) 2.59 (1.2) 1.597,p=0.113
Difficulties in following through with treatment? 2.97 (1.0) 3.13(1.2) -0.849,p = 0.397
How often issues with treatment were brought up with the therapist* 3.95(1) 3.96 (1.1) -0.022, p = 0.982
Degree of help received from therapist with issues brought up** 4.14 (0.9) 4.12 (0.9) 0.155,p = 0.877
Self-rated activity
Hours/week spent on the treatment*
0-2h 28 35 52 65 13.597,p < 0.001
>2h 37 673 18 327 13.597,p < 0.001
Amount of text read during 10 weeks# 4.49 (0.8) 4.46 (0.7) 0.274,p =0.784
Degree of work invested in exercises$t 3.68 (0.7) 4.16 (0.8) -3.701, p < 0.001

CEQ, Credibility/Expectancy Questionnaire; CSQ, Client Satisfaction Questionnaire.
*Represents the mean module at which treatment dropout occured.

"Represents the mean number of modules reached, as a measure of adherence.
The following response alternatives were used for:

#1-5 (way too little, too little, ok, too much, way too much).

§1-5
11-5
11-5
*0-5
*0-5
11-5
#1-5
815

never, rarely, sometimes, often, always).

some, a little, partly, much, very much).

hard, pretty hard, neither hard or easy, pretty easy, easy).
never, rarely, sometimes, often, always).

no help, a little help, some help, to a huge degree, much help).
0-1h,1-2h,3-4h,4-5h,>5h).

0%, 25%, 50%, 75%, 100%).

not at all, rarely, now and then, often, very often).

between CT and WL was statistically significant. Similarly, the
term in the growth model that tested differential change be-
tween BT and WL was also statistically significant. As shown
in Figure 3, the two therapies improved rapidly over the active
treatment phase, whereas the WL only had a small decrease
over this time period. Associated effect sizes at an endpoint of
the active treatment phase (week 10), derived from the model-
implied means, were d = 2.15 for CT compared with WL, and BT
compared with WL d = 2.01.

Figure 3 presents the observed proportion of responders and
remitters according to the ISI thresholds. Logistic regression re-
vealed a statistically significant difference in terms of response
between CT and WL (est = 3.34, S.E. = 0.49, p < 0.001) and BT
and WL (est = 2.73, S.E. = 0.47, p < 0.001) with associated odds
ratio effect sizes of 28.34 and 15.27, respectively. For remission,
logistic regression revealed a statistically significant difference
between CT and WL (est = 3.12, S.E. = 0.74, p < 0.001) and BT and
WL (est = 3.19, S.E. = 0.74, p < 0.001) with associated odds ratio
effect sizes of 22.57 and 24.26, respectively.

Sleep-diary and secondary outcomes

Table 4 provides the results from the estimated growth models,
along with associated model-implied unstandardized and
standardized mean differences (d) at week 10 (endpoint of active
treatment phase). For the sleep-diary outcomes, the terms in
the model that tested the difference between active treatments
and the WL in linear change between pre- and postassessment
were statistically significant in all models (p <.001), with an ex-
ception for WASO in which only BT differed significantly from
WL (see Table 4). All effects favored the therapies over the WL
and estimates of between-group effect sizes were in the range
of moderate to large for the difference between treatments and
WL at week 10 (range d = 0.37-0.83). For secondary outcomes,
the terms in the model that tested the difference between ac-
tive treatments and WL in linear change between pre- and
postassessment were statistically significant in all models
(p < 0.001), with the exception of BBQ in which only CT differed
significantly from WL (see Table 4). All effects favored the ther-
apies over the WL and estimates of between-group effect sizes
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Figure 2. Observed and estimated means for the biweekly measurements on ISL.

Table 3. Observed means and results from the quadratic growth model examining the controlled effects of therapies on ISI during the active

treatment phase

Observed means

Results from growth models

PRE POST Effect on linear slope Effect on quadratic slope
ISI N M (SD) N M (SD) Estimate (S.E.) P Estimate (S.E.) P Effect size
CT 71 19.9 (3.4) 67 9.3 (4.1) -2.299 (0.45) <0.001 0.144 (0.079) 0.066 2.146
BT 73 19.0 (3.2) 70 9.6 (5.6) ~2.050 (0.44) <0.001 0.157 (0.076) 0.039 2.014
WL 74 19.3 (3.2) 74 16.5 (4.4) — — — —

The growth model is based on available data for the intention-to-treat sample (N = 218). Treatment conditions were included as fixed binary coded predictors using
the control condition as the reference category. The estimate is the unstandardized regression coefficient and can be interpreted as an effect size in the original
metric of the scale (one-time unit is 2 weeks). The effect size was derived from the model estimates and represented the standardized mean difference between

treatment and control at posttreatment assessment.

BT, behavior therapy; CT, cognitive therapy; ISI, Insomnia Severity Index; S.E., standard error; WL, waitlist.

were in the range of moderate to large for the difference be-
tween treatments and WL at week 10 (range d = 0.38-0.92).

Comparative analysis of active treatments on sleep-
diary outcomes

Table 5 presents the results from the estimated growth models,
along with associated model-implied unstandardized and
standardized mean differences (d) at week 10 (endpoint of ac-
tive treatment phase). The terms that tested differential linear
change over the treatment phase as a function of therapy were
nonsignificant in all models (p > 0.05), except for SOL which in-
dicated a significant difference in favor of BT. The estimated 10
week between-group difference in effect sizes were all small
(range d = 0.01-0.28).

Analysis of active treatments over the full
assessment period

Primary outcome.

The terms in the first piece (i.e. pre- to postperiod) that tested
averaged population change across therapies were statistic-
ally significant, whereas the term that tested averaged popu-
lation change in the second piece (i.e. follow-up period) was
nonsignificant (see Table 6, for details). This suggests that the
improvements made in both therapies during the active treat-
ment phase were sustained through the follow-up. None of the
terms in the model that tested differential change as a function
of therapy were statistically significant (all p’s > .45). Associated

between-group effect size at 6-month follow-up, derived from
the model-implied means, was d = 0.04.

Figure 3 presents the response and remission rates at
follow-up. According to the logistic regression, there were no
significant difference between the therapies in terms of re-
sponse (est = -0.19, S.E. = 0.37, p = .614) with an associated odds
ratio effect size of 0.83; nor in terms of remission (est = 0.13,
S.E. = 0.37, p = .719) with an associated odds ratio effect size of
1.17.

Secondary outcomes.

The results of the piecewise growth models, along with model-
implied mean differences at follow-up, are presented in Table
6. The term in the piecewise growth model that tested average
change across therapies over the active treatment phase was
statistically significant in all models (p < 0.001), whereas the
term in the model that tested linear change during the follow-up
was nonsignificant (p > 0.05). The terms that tested differential
linear change over the treatment phase and follow-up as a func-
tion of therapies were nonsignificant in all models (p > 0.05). The
estimated endpoint follow-up between-group mean difference
effect sizes were all small (range d = 0.02-0.23).

Sick leave, healthcare consumption, concomitant
insomnia treatment

One significant difference was found between the groups at
posttreatment [y%(2) = 7.55, p = 0.023], indicating that participants
in the WL group underwent other treatments to a higher degree
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at posttreatment (for a more detailed description of these re-
sults, see Supplementary Table S2).

100
90 M Responders

80 74.6% M Remitters
70
60
50
40 35.8%
30
20
10

0

67.6%
58.6% 60.3%

39.7%
33.8%
10.8%
2.7%
—
=8 =

n=2 n=46  n=23 =41 n=27

I4DD%

n=50  n=24 n=41  n=28

CT-POST BT-POST WL-POST

Figure 3. Percent response and remission based on ISI (observed means).

Adverse events

Of the total sample, 29% reported an adverse event due to
therapy at posttreatment. A significant difference was found
between the treatments (CT = 14.1%, BT 43.2%), [x*(1) = 14.97,
p < 0.001]. (For more details, see Supplementary Table S3.)

Discussion

The aim of this study was to compare internet-delivered CT and
BT against a WL control on a broad range of outcomes. To the
best of our knowledge this is the first study to test CT delivered
over the internet. Also, this is most likely the first RCT com-
paring CT and BT against a WL. The overall finding was that both
CT and BT outperformed the WL. Moreover, CT and BT produced
comparable effects on the majority of outcomes. The results
thus indicate that both CT and BT are effective as stand-alone
therapies for insomnia disorder [10, 20].

Table 4. Observed means and results from the linear growth model examining the controlled effects of therapies on secondary outcomes and

sleep diaries

Observed means

Results from linear growth models

Pre Post Effect on linear slope Group diff at week 10

N M (SD) N M (SD) Estimate (S.E.) P Mean diff [95% CI] Effect size
WSAS
CT 71 23.3 (8.0) 66 9.7 (8.4) -9.867 (1.321) <0.001 ~7.529 [-10.469, —4.589] 0.879
BT 73 20.9 (9.7) 70 9.4 (7.8) -7.721 (1.448) <0.001 -7.844 [-10.644, —-5.044]| 0.915
WL 74 21 (8.1) 74 17.2 (9.5) — — — —
HADS-A
CT 71 9.3(3.9) 65 6.8 (3.4) -1.643 (0.563) 0.004 -1.807 [-3.042, -0.571] 0.480
BT 73 8.8 (3.9) 70 5.8(3.3) -2.113 (0.528) <0.001 -2.819 [-4.011, -1.627] 0.749
WL 74 9.5 (4.0) 74 8.6 (4.0) — — — —
HADS-D
CT 71 6.5 (3.7) 65 3.7 (2.9) -2.152 (0.479) <0.001 -2.025 [-3.101, —0.950] 0.616
BT 73 6.3 (3.4) 70 3.7 (2.7) -2.038 (0.461) <0.001 -2.129 [-3.143, -1.115] 0.648
WL 74 6.3 (3.3) 74 5.8 (3.6) — — — —
BBQ
CT 71 50.3 (19.1) 65 59.8 (18.2) 10.696 (2.578) <0.001 7.735 [1.234, 14.237] 0.388
BT 73 56.2 (19.0) 70 59.6 (21.7) 4.885 (3.156) 0.122 7.793[0.759, 14.827] 0.391
WL 74 53.3 (20.6) 74 52.1(21.8) — — — —
SOL
CT 71 47 (40) 48 25 (17) -14.887 (5.180) 0.004 —-14.305 [-23.282, -5.328] 0.370
BT 73 55 (38) 57 20 (13) -31.831 (5.114) <0.001 -23.712 [-32.112, -15.312] 0.613
WL 74 47 (37) 73 42 (32) — — — —
WASO
CT 71 49 (44) 48 32 (26) ~11.075 (6.014) 0.066 ~23.380 [-34.867, -11.894] 0.552
BT 73 56 (36) 57 18 (17) -29.711 (5.764) <0.001 -35.174 [-45.266, —25.081] 0.831
WL 74 62 (46) 73 52 (39) — — — —
EMA
CT 71 41 (36) 48 22 (25) -18.551 (5.994) 0.002 -23.380 [-27.542, -7.250] 0.523
BT 73 38 (30) 57 14 (15) -23.658 (5.046) <0.001 -35.174 [-33.414, -16.502] 0.750
WL 74 40 (32) 73 39 (32) — — — —
TST
CT 71 339 (65) 48 386 (48) 34.566 (8.986) <0.001 41.468 [18.985, 63.951] 0.588
BT 73 325 (67) 57 377 (57) 41.723 (10.105) <0.001 36.205 [12.551, 59.860] 0.514
WL 74 332 (80) 73 344 (81) — — — —

Note. The growth model is based on available data for the intention-to-treat sample (N = 218). Treatment conditions were included as fixed binary coded predictors
using the control condition as the reference category. The estimate is the unstandardized regression coefficient and can be interpreted as an effect size in the ori-
ginal metric of the scale (one-time unit is 10 weeks). The unstandardized mean difference (unstandardized effect size) and effect size (standardized mean difference)

were derived from the model estimates.

BT, behavior therapy; BBQ, Brunnsviken Brief Quality of Life Scale; CT, cognitive therapy; EMA, Early morning awakening; HADS-A & HADS-D, Hospital Anxiety and
Depression scale; S.E., standard error; SOL, sleep onset latency; TST, total sleep time; WASO, Wake after sleep onset; WL, waitlist; WSAS, Work and Social adjustment

Scale.
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Table 5. Results from growth models contrasting CT and BT on six assessment points from pre- to posttreatment on sleep-diary outcomes

Results from linear growth models

Effect of the predictor

Group diff at week 10

Outcome/predictor Estimate (S.E.) P Mean diff [95%ClI] Effect size
SOL

Time (linear) -10.269 (1.218) <0.001

Time (quadr) 1.107 (0.198) <0.001

Time (linear) on Tx -5.975 (2.702) 0.027

Time (quadr) on Tx 0.969 (0.406) 0.018 -6.154 [-11.758, —0.550] 0.150
WASO

Time (linear) -12.605 (1.823) <0.001

Time (quadr) 1.618 (0.307) <0.001

Time (linear) on Tx -5.650 (3.318) 0.089

Time (quadr) on Tx 0.665 (0.562) 0.237 -10.708 [-18.779, -2.637] 0.277
EMA

Time (linear) -9.899 (1.355) <0.001

Time (quadr) 1.179 (0.229) <0.001

Time (linear) on Tx -3.914 (2.795) 0.161

Time (quadr) on Tx 0.754 (0.474) 0.112 -6.351 [-13.110, 0.409] 0.188
TST

Time (linear) 16.113 (2.813) <0.001

Time (quadr) -1.412 (0.498) 0.005

Time (linear) on Tx -5.810 (5.614) 0.301

Time (quadr) on Tx 1.855 (0.994) 0.062 0.394 [-17.374, 18.163] 0.006

The growth model is based on available data for the intention-to-treat sample (n = 144). Time (linear) and time (quadr) in the model are the time coefficients repre-
senting averaged population change across conditions for the active treatment phase. Tx is a group variable representing treatment assignment (BT = 0.5, CT = -0.5).
The estimate is the unstandardized regression coefficient and can be interpreted as an effect size in the original metric of the scale (one-time unit is 2 weeks). The
unstandardized mean difference (unstandardized effect size) and effect size (standardized mean difference) were derived from the model estimates. The negative
mean difference at week 10 indicates a beneficial effect for BT relative to CT on SOL, WASO, and EMA, and the positive mean difference on TST also indicates a bene-

ficial effect for BT relative to CT.

EMA, Early morning awakening; S.E., standard error; SOL, sleep onset latency; Time (linear) and Time (quadr), estimation of linear and quadratic time; TST, total sleep

time; WASO, Wake after sleep onset.

On the primary outcome (ISI), both therapies outperformed
the WL with no significant differences between the two ac-
tive treatments. CT achieved larger effect sizes—larger refers
to an in-group effect size, similar to, or 0.5 [61]—compared to
former trials of CT, BT and a meta-analysis of CBT-I [8, 9, 20]. BT
achieved similar or larger effect sizes in comparison to earlier BT
and meta-analysis of CBT-I [8, 9, 20, 62]. CT in the present study
compared to the one in Harvey et al. [20], yielded larger rates of
response at posttreatment and comparable rates at follow-up,
while remission rates yielded slightly larger rates at post while
smaller at follow-up, reflecting a maintained response and
remission in contrast to a gained response and remission
in Harvey et al. [20]. For BT, the response rate was smaller at
posttreatment and larger at follow-up as compared with those
presented in Harvey et al. [20]., while the remission rates were
comparable at both post and follow-up, reflecting a maintained
response in contrast to a decrease compared to BT. Compared to
full CBT-I, the response rates were comparable to larger, while
for remission they were comparable or lower [20, 63]. Different
trajectories of change from posttreatment to follow-up were
also evident on the ISI score, with a similar symptom develop-
ment for both CT and BT, compared to Harvey et al. [20]. in which
BT deteriorated and CT improved during the follow-up period.

On the eight secondary outcomes, both CT and BT outper-
formed the WL with comparable effects on the majority of out-
comes. Although there was a trend for slightly higher effect sizes
for BT on all eight outcomes, there was only one significant differ-
ence on SOL. Whether the difference on SOL, which consisted of

an estimated 6 min group difference at posttreatment, is of clin-
ical significance is an open question. However, one interpretation
would be to consider this a small difference given the long laten-
cies among patients with insomnia disorder (36-48.9 min) [64-66].
In comparison with previous trials of CT, BT, and CBT-I [20, 67, 68],
this study yielded an overall, similar or larger effect sizes on the
secondary outcomes. It is worth mentioning that CT in this trial
yielded larger effects on SOL compared to former outcomes for
CT and full CBT-I [8, 9, 20], and similar to larger effects on total
sleep time compared to CT-I and CBT-I, respectively [8, 9, 20].

In terms of theory, where CT has a focus on both night- and
daytime symptoms, and BT is primarily focused on nighttime
symptoms [12, 13, 15], our findings confirm prior research
showing that BT is equally effective for symptoms related to the
day as CT [20]. Also, the cognitive approach to nighttime diffi-
culties by reversing cognitive processes (in contrast to changing
sleep-disturbing behaviors and contextual factors in BT) does
not seem to make a clinical difference on overall insomnia se-
verity and sleep-diary outcomes, since CT produced compar-
able effects overall as BT. Neither does the broader approach of
CT (that targets several perpetuating factors), compared to BTs
focus on improving sleep, generate a stronger effect on daytime
measures, compared to BT. Our hypotheses that BTs primary
focus on nighttime processes would result in greater improve-
ments on sleep-diary outcomes and that CTs focus on both
night and daytime symptoms would be more effective on out-
comes related to daytime symptoms was, thus, not supported
(with one notable exception).
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Table 6. Observed means and results from piecewise growth models examining change over the pre-post assessment and 6-month follow-up

for the primary and secondary outcomes

Observed means

Results from linear growth models

FU6 Effect of the predictor Group diff at FU6
Outcome N M (SD) Predictor Estimate (S.E.) P Mean diff [95% CI] Effect size
WSAS
CT 68 9.4 (7.9) Time 1 ~12.510 (0.788) <0.001
BT 68 9.3(8.9) Time 2 -0.061 (0.310) 0.844
Time 1 onTx 2.052 (1.574) 0.192
Time 2 on Tx 0.095 (0.621) 0.879 -0.182 [-2.976, 2.612] 0.022
HADS-A
CT 68 7.2 (3.5) Time 1 -2.706 (0.275) <0.001
BT 68 6.4 (4.1) Time 2 0.198 (0.110) 0.072
Time 1 on Tx -0.448 (0.551) 0.415
Time 2 on Tx 0.186 (0.220) 0.398 -0.545 [-1.805, 0.715] 0.148
HADS-D
CT 68 4.3 (2.9) Time 1 -2.611 (0.255) <0.001
BT 68 3.7 (2.9) Time 2 0.156 (0.085) 0.068
Time 1 on Tx 0.146 (0.509) 0.774
Time 2 on Tx -0.220 (0.171) 0.198 -0.600 [-1.576, 0.375] 0.192
BBQ
CT 68 58.3 (18.6) Time 1 6.527 (1.522) <0.001
BT 68 62.7 (20.7) Time 2 0.256 (0.683) 0.708
Time 1 onTx -5.873 (3.047) 0.054
Time 2 on Tx 1.881 (1.364) 0.168 4.508 [-2.007, 11.023] 0.232
ISI
CT 68 10.1 (4.9) Time 1(linear) -3.841 (0.239) <0.001
BT 68 10.1 (5.7) Time 1 (quadr) 0.395 (0.041) <0.001
Time 2 0.032 (0.033) 0.327
Time 1(linear) on Tx 0.201 (0.485) 0.678
Time 1(quadr) on Tx 0.020 (0.084) 0.816
Time 2 on Tx -0.049 (0.066) 0.454 -0.133 [-1.886, 1.620] -0.039

Note. The growth model is based on available data for the intention-to-treat sample (n = 144). Time 1 and Time 2 in the model are the time coefficients representing
averaged population change across conditions for the active treatment phase and the follow-up phase, respectively. Tx is a group variable representing treatment
assignment (BT = 0.5, CT = -0.5). The estimate is the unstandardized regression coefficient and can be interpreted as an effect size in the original metric of the scale
(one-time unit is 10 weeks for all outcomes except for ISI where one-time unit is 2 weeks at Time 1 and 6 months for Time 2). The unstandardized mean difference

(unstandardized effect size) and effect size (standardized mean difference) were derived from the model estimates.

BT, behavior therapy; BBQ, Brunnsviken Brief Quality of Life Scale; CT, cognitive therapy; HADS-A & HADS-D, Hospital Anxiety and Depression scale; S.E., standard
error; Time 1 and Time 2, first and second piece of the linear growth model; Time 1 (quadr), estimation of quadratic time; WL, waitlist; WSAS, Work and Social adjust-

ment Scale.

Some other theoretical questions related to the construct
validity of the treatments are also of value to address, in par-
ticular the length of treatment, dose-response relationship, and
amount of therapist support. A treatment length of 10 weeks
for a monotherapy (CT or BT) with telephone support may seem
unnecessarily long and resource consuming in comparison to
multicomponent CBT-I, which in clinical trials average 6 weeks
with a trend toward briefer therapies, and to fully automated
Internet programs, thus questioning both the scalability of the
program and the necessity of 10-week therapy for response.
Although questions of scalability and necessary dose for re-
sponse are valid concerns, there are also some additional issues
that need to be taken into account. First, the variant of CT used
in this trial is of a more comprehensive nature (6-22 with an
average of 17 and 8% sessions) than cognitive interventions
usually incorporated in CBT-I. Second, although shorter ther-
apies are relevant for effective clinical management, the focus
in our study was on comparing two theoretically distinct ther-
apies on equal grounds in order to evaluate their individual
efficacy. Third, the optimal dose of CBT-I is still a relatively un-
addressed issue that most previous trials with briefer therapies

alone cannot answer. Fourth, the evidence that participants in
this trial improved continuously for all 10 weeks (see Figure 2)
indicates that no floor effect was reached and contradicts that
treatment was unnecessarily lengthy in this trial. In terms of
therapist support, it is worth to highlight that our mode of de-
livery stands in contrast to internet-delivered treatments that
are fully automated [69, 70] in that we included 15 min of tele-
phone support. Thus, these 10 weeks of treatment with 15 min
of telephone support per week seem to generate promising
results for CT and BT as stand-alone therapies, but whether
these results are generalizable to shorter versions (6 or 8 weeks)
without telephone support is still unknown. Finally, it is of value
to note that this trial seems to indicate that this version of CT*
can also be delivered with minimal contact and supervision over
the Internet, despite its comprehensive nature.

There were some notable differences on the participants’
perception of each therapy, the degree of support, and the
number of adverse events. CT received significantly more time
of telephone support, rated the text as more interesting, and re-
ported that they spent more time on treatment, whereas those
in BT reported that they invested more work in exercises. These



findings might possibly be explained by the difference in treat-
ment and exercise structure, where exercises in BT are more
repetitive but also demanding in terms of effort and planning,
whereas CT consists of more variation in texts and exercises,
thus generating more time spent on treatment. Finally, those
who underwent BT experienced triple the amount of adverse
events as those in the CT condition. This might probably be ex-
plained by evidence showing that total sleep time (subjective
and objective) decreases initially during SR in BT [71]. These
findings, while interesting in terms of the contrasting study
aim, could unfortunately also limit the interpretations to be
drawn from the main outcomes, in that patients in CT could be
affected by extra attention and patients in BT being less com-
pliant with homework assignments due to adverse events. Since
our posttreatment assessment lacked time-sensitive informa-
tion on where events occurred during therapy, future research
could aim to assess adverse events during the course of therapy
and their association to compliance and long-term outcomes.

There are also some other limitations that need to be con-
sidered. First, the sample was self-referred, which limits gen-
eralization, since self-referred samples are likely different
compared to patients in regular care [72]. The sample was
demographically characterized by a high mean age and being
well-educated, which may restrict generalization. Second, al-
though the screening process were guided by manuals with
supervision on demand, there were no assessment of this
process, thereby imposing an uncertainty in the validity of
the screening procedure. Third, this was an internet-delivered
treatment with telephone support (similar to support offered
for BT-I) [73], where the active ingredients (information, in-
structions, and exercises) were presented in the format of text,
thus requiring an effort of participants. This could, in com-
bination with our well-educated sample, limit generalization
of our findings to other populations. However, noteworthy is
that previous research has, so far, not provided any clear evi-
dence of differential outcomes as a function of delivery mode
(i.e. face-to-face vs. Internet) [9, 74], thus attenuating this
limitation. Fourth, although this study contains several digi-
tally administered measures that minimize risk for observer
bias, other important outcomes, such as therapist compliance,
actigraphy, polysomnography, and diagnostic interview, were
not included. The use of the MINI can further be criticized for
being a screening, rather than a diagnostic measure. Fifth, al-
though therapies were delivered in text, and telephone sup-
port was guided by a manual with instructions for maintaining
the treatment integrity, there was no registration of compli-
ance with this manual, thus raising the possibility of therapist
drift and treatment contamination. Finally, although the total
rate of treatment dropout (15%) was in line with mean dropout
rates in individual CBT for depression (17.5%) [75], and no sig-
nificant difference emerged between the therapies, it may still
limit the interpretation of the findings. Worth to mention, how-
ever, is that the primary method (full information maximum
likelihood estimation) used to handle missing data is con-
sidered state of the art and produces accurate estimates under
a lenient missing data assumption [55].

To advance knowledge in the field, we recommend future
research to address abovementioned limitations, by examining
other patient groups (e.g. patients in clinical settings), including
additional measures (e.g. actigraphy and post-diagnostic assess-
ment), and measuring therapeutic behavior. Since CT and BT
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may demand a different amount of time to achieve its optimal
effect, it is of interest to investigate dose-response relation-
ships. Exploring long-term effects and cost-benefit analysis are
also of importance to provide more information of the therapies’
comparative effectiveness. Of further interest are examinations
of components in CBT-I in more detail, i.e. assessing effects of
the separate components inherent in each therapy (CT and BT),
as are examinations of moderators and mediators for CT and
BT. Finally, the efficacy of each therapy and their components in
regular care is also of interest.

As a whole, this trial showed that both CT and BT had similar
effects and are both effective as stand-alone therapies for in-
somnia disorder. These findings raise further questions about
which therapy and subcomponents that are necessary and
sufficient for change, how they are optimally combined, and
how change for each therapy is mediated and moderated. This
underaddressed research area could aid in the development of
new therapies that combine components to optimize outcomes
for the individual patient. For the research community, the re-
sults highlight the need for further dismantling of the ther-
apies and components in CBT-I. Clinically, these results suggest
a higher flexibility for therapists in choosing and implementing
one of the two therapy models for treatment.

Supplementary Material

Supplementary material is available at SLEEP online.
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