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Key points:

1) Adherence to Cognitive Behaviour Therapy to insomnia (CBT-I) is complex and requires clear
definitions

2) The literature on adherence to CBT-l is heterogeneous and we need to work towards a consensus
on how to measure and operationalise adherence.

Synopsis (100 words or less)

In this systematic review we extracted information from 53 studies that have measured adherence
to Cognitive Behaviour Therapy for insomnia (CBT-I). There has been an increase in more complex
and less biased methods for assessing adherence that move beyond simply asking the patient
whether they have adhered to the intervention or not. This demonstrates the need for a consensus

around how to measure adherence, if we want to derive at an estimate of “optimal adherence”.
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Heterogeneity of studies, particularly in the way adherence is operationalised, prohibited
conclusions about the relationship between adherence and outcome as well as predictors of

adherence to be drawn.

Introduction

The current treatment of choice for chronic insomnia is cognitive behavioural therapy for insomnia
(CBT-1), a multi-component intervention typically involving strategies such as cognitive restructuring,
sleep restriction, stimulus control, sleep hygiene education and relaxation therapy2. CBT-l is
effective in reducing insomnia symptoms, improving self-reported sleep onset latency (SOL) and
reducing wakefulness after sleep onset (WASO), with improvements still present at post-
intervention follow-ups®*. While CBT-I has considerable empirical support, it often requires
behavioural and lifestyle changes that are intrusive and may be difficult to implement. Sleep
restriction for example involves reducing time spent in bed to a therapist prescribed sleep window,
in order to increase ‘sleep efficiency’ (the proportion of time in bed spent sleeping)’. Patients
reportedly struggle to implement sleep restriction therapy due to the initial reduction in sleep
opportunity leading to temporary sleep deprivation, increased daytime sleepiness and impaired
daytime functioning>®. Adherence may be particularly difficult when insomnia treatment involves
lifestyle changes that require modification of habit, which in the case of insomnia can often be long-

standing.

Patient adherence is important for establishing which aspects of therapy are particularly effective.
The term “adherence” (versus the outdated term “compliance”) acknowledges the patient’s ability
to decide whether to follow recommendations, and thus typically encapsulates the patient’s
behaviour as well as their beliefs, attitudes and motivations’. Conceptualising something like
adherence to medication is relatively simple, the question is whether the patient has taken the
medication or not. Adherence to CBT-l is more complex, since it is a multi-component intervention,
the “dose” of therapy is ill defined so optimal levels of adherence cannot be determined, and there
are variations in the way that treatment is delivered (different combinations of components for
example). Consequently, it is not clear which elements of the intervention are the mechanistic
drivers of improvement, and which factors predict non-adherence. In a 2013 systematic review of

adherence to CBT-I® identified considerable heterogeneity in the way adherence to CBT-l was



operationalised and measured. The current literature review therefore aims to understand whether
clinical trials involving CBT-I published since Matthews et al.’s review in 2013 have 1) measured
adherence and whether this has been more homogeneous 2) reported any relationship between

adherence and CBT-1 outcomes 3) identified any consistent factors influencing adherence to CBT-I.

Methods

Searches:

A systematic literature search was carried out with the assistance of a trained social sciences
librarian. Searches were carried out in November 2019, in the databases Psychinfo, MEDLINE and
Scopus. Pubmed was not used as a search engine, based on advice by the librarian, since it is similar
to MEDLINE and might have generated a number of duplicates. In Psychinfo and Scopus, full texts
were searched for combinations of: ("cognitive behavio™ therap*" or "sleep restriction" or "sleep
hygiene" or "stimulus control" or "sleep education" or relaxation or "cognitive therap*"), (“sleep
disorder*” or insomnia), and (adherence or compliance or nonadherence or noncompliance or
attrition). Searches were filtered to include only journal articles including human samples, written in
English or German. The search in Medline database included the same search terms as keywords and
relevant subject headings. Searches were limited to papers published from May 2012 onwards, as
the most recent systematic review in this area® was conducted until this point. The search terms and
criteria used in the Matthews et al.’s review were used for this review. References of papers were
reviewed to determine any papers that were missed in the literature searches. Papers that were

published since the end of our literature search were reviewed and included where appropriate.

Inclusion/exclusion criteria

Studies that met the following criteria were included within the review: a) peer-reviewed papers b)
written in English or German c) measured adherence, meaning implementing behaviour change (not
simply attrition or session attendance/engagement with the digital intervention) d) assessed a CBT-I
intervention e) adult participants with insomnia (either characterised as sleep difficulties or
measured via clinical assessment). The following exclusion criteria were used: a) paediatric or
adolescent samples b) or having only measured participant attendance or attrition/engagement in
the digital intervention and c) qualitative papers, editorials, single case studies and literature

reviews.



Screening procedures

Search results were uploaded to the screening platform Covidence (https://www.covidence.org/),

which is an online platform provided by the Cochrane Community, to facilitate systematic reviews.
Titles and abstracts were screened by two reviewers (MC or SA and either MK, AH or SM who were
blind to each other’s decisions), and conflicts were resolved by a third reviewer. The full texts of the
articles included at this stage were then screened by two independent reviewers (MC and then
either SA, MK, AH or SM), with conflicts resolved by a third author to determine which papers should

be included in the final review.

Quality assessment

Studies were assessed for quality of adherence data by considering the description of measures and
whether the data was self-reported, quasi-objective or objective. For the purpose of the current
review, adherence measures were classified as subjective, quasi-objective and objective. Self-report
questionnaires (validated or not) were included in the subjective category. Any measure of
adherence that was not directly assessed (e.g. did you adhere to your bedtime), but derived from
reports of behaviour on the sleep diary (i.e., what time did you go to bed) was classified as quasi-
objective. Such an indirect (quasi-objective) assessment of adherence would be less likely to be
influenced by social desirability. If the spouse or therapist rated the patient’s level of treatment
implementation, then adherence was classified as objective, since it did not derive from the patients
themselves. The description of adherence measure was rated as ‘high’ or ‘low’ based on the clarity
of the method of measurement and calculation of magnitude. Self-reported data was given a quality
rating of ‘low’, whereas quasi-objective or objective data were rated as ‘high’. The reason for this is
we believe that the patient reporting whether they were adherent may be influenced by social
desirability (wanting to report that they followed the recommendations of their therapist). We do
acknowledge however, that objective measures (such as the therapist-ratings we have considered
here) are also amenable to certain biases. Furthermore, even measures such as actigraphy, which
some might consider gold-standard for measuring adherence, relies on the participant pressing an
event marker or accurately completing a sleep diary, and therefore might also not be an error-free
measure of behaviour. Quality ratings were made by two reviewers (MC and then either SA, MK, AH

or SM) and conflicts were discussed between the two reviewers.

Data extraction


https://www.covidence.org/

The following data were extracted from the included studies: definition of insomnia, comorbidities,
the type of intervention implemented (including CBT-I components, whether this was delivered face-
to-face or online, individual or group format, whether the treatment was combined with another
CBT-l intervention, length of sessions and duration of CBT-1). Data was also collected about study
setting, participant demographics, measurement and magnitude of adherence, relationship between
adherence and outcome (e.g. a correlation coefficient), and potential predictors or non-predictors of
adherence. Data extraction was carried out by two independent reviewers (MC and then either SA,

MN, AH or SM) and conflicts were resolved by MC.



Results

Search results

Database searches identified 1,901 articles, two of which were included in Matthews et al. review?.
167 duplicates were removed; a further 1,579 were deemed irrelevant at the title and abstract
screening stage. The most frequent reasons for exclusion at this stage were a non-insomnia sample,
no CBT-I intervention and non-primary research. Full text screening excluded 155 papers. Reasons
for exclusions are outlined in figure 1. Twelve papers from Matthews et al.’s review that were
published prior to 2013 were added at the full text review/extraction stage. Three studies that were
included in Matthews et al.’s review were not added to ours. Two papers did not include a sample of
individuals suffering from insomnia, and one study examined use of CBT-I components long-term (as
opposed to adherence). One study was added after reviewing reference lists of included studies. 53

studies were included for data extraction.

[insert figure 1here]

Sample characteristics
Table 1 summarises the 53 studies included in the final review.
(insert table 1 here with the characteristics)

Sample sizes in the included studies showed a wide variety, with a range from 6-696 participants.
The majority of studies were from adult samples, with ages ranging from 18 to 95 years. Female only
samples were recruited by four studies®!? and these were studies on female cancer patients or
survivors. Three studies recruited male samples!*'>, two samples of veterans and one prison sample.
Of 45 studies which included mixed male/female samples, the percentage of female participants
ranged from 5-94%. Overall, the majority of studies recruited mainly female participants. In sixteen
studies individuals with insomnia and a comorbid condition were recruited; in eight the comorbid
condition was cancer®121619 Other comorbidities included depression?, bipolar disorder?, alcohol
dependency?®?, cardiac rehabilitation??, war veterans with blast exposure/head injury?, HIV?4, chronic
migraine? and COPD?. The majority of studies defined presence of insomnia by using diagnostic
criteria (e.g., DSM-IV#, ICSD%, or research diagnostic criteria®®). Screening questionnaires included
the Insomnia Severity Index 13932, or the Pittsburgh Sleep Quality Index **%26, A number of studies
set a minimum SOL and WASO score!>833-35 in addition to daytime dysfunction/impairment?4,23.24.36-

43, Some studies required only a subjective complaint of insomnia or sleep problems*#,



Intervention characteristics

There was a variety of combinations of treatment components. Two studies focused on progressive
muscle relaxation?®®, or focused on breathing and visualisation®. Several studies evaluated
cognitive and behavioural CBT-I components separately and as a combined intervention*?®, Three
studies focused on sleep restriction as a standalone treatment3***#7, One study evaluated stimulus
control and sleep restriction separately, and as a combined intervention®. In several studies only

d?42>30:353348 Additional interventions that were

behavioural components were delivere
implemented alongside CBT-l were mindfulness meditation*®, Armodafinil*®1°, Modafinil*, cardiac
relevant information??, one session of mindfulness®°, reminders to improve adherence®, and CBT-

coach mobile app®’.

The majority of studies focused on individual, face-to-face interventions; nine studies evaluated
group CBT-I, and ten evaluated digital CBT-I interventions. One study implemented a combination of
group and individual sessions®2. Several studies included both face-to-face and digital treatment

1151 one study included separate telehealth and digital interventions®®, and one comprised of

arms
an individual, group and telephone treatment arm33. Of the ten studies using digital interventions,
only four included therapist support!2>353, Some studies used a combination of face-to-face and
telephone sessions!®18192447 and some combined group and telephone sessions?3>3’, Mean session
duration ranged from 15 minutes (by telephone?®) to 120 minutes*®, but most fell between 60-90

minutes. Most interventions were delivered in 6-8 sessions; however, several studies delivered CBT-I

in a single dose 1530325455,

Measurement and magnitude of adherence

For the purpose of the current review, adherence measures were classified as subjective, quasi-
objective and objective (see description above) Figure 2 shows the number of studies included in our
review over time (including those reviewed by Matthews et al. and depicted by type of adherence

measure.

[insert figure 2 here]

Subjective adherence

Subjective adherence included measures where participants were directly asked if they had been

adherent to the treatment recommendations. In instances where adherence was conceptualised as



the percentage of participants who were considered adherent (based on cut-offs using either an
arbitrary time-frame, or a Likert scale), these rates ranged from 10%°> to 100%'**°. There was no
consistency in the definition of the cut-offs for optimal adherence. Adherence to individual CBT-I
components (including stimulus control, sleep restriction, cognitive therapy, sleep hygiene, and
relaxation) were measured. With large variability across individual studies, a clear pattern did not
emerge. Self-reported adherence rates to sleep hygiene however was at the higher end of the
spectrum varying between 76%*! and 100%'**° participants adherent. Adherence to relaxation
techniques such as guided imagery, breathing exercises were lower with most adherence rates
below 70%233941.505657 Adherence to sleep restriction, stimulus control and cognitive therapy were
extremely variable, with % rates of participants deemed adherent in the 30s and 40s3*°%%7, in the

60s3%*% or in the 80s and 9051375057,

In studies where the adherence was measured on a scale depicting the degree to which participants
followed the recommendation, the adherence rates were relatively high. We transposed the average
adherence scores from each study as if it had been a 0-100 % scale, so that we could compare scores
across studies. The rates ranged from 56% to 86%21242>404347.58 Qthers reported percentage of time
treatment was adhered to (median of 65%'’) or days per week the participants were adherent to,
which was quite variable (from median 0-1 days* to mean 6.23 days>). Sidani et al.®° presented data
detailing how many days participants used the bed for sleep alone (6.1-6.5 days), got out of bed if
unable to sleep (1.3-2 days), and took nap in bed only if necessary (0.4-1 days). Importantly, they
also reported days where the techniques were not applicable (e.g., participant slept through and
therefore did not have to get up if unable to sleep). This is an important aspect of understanding
adherence to CBT-I since some components are not always applicable, especially if the patient’s
sleep starts to improve. Ruiter Petrov and colleagues reported that participants described adhering
to 77% of stimulus control instructions and 85% of sleep restriction instructions®’. Others reported
that participants spent on average 6 hours each week following the treatment methods [treatment
components were not specified]*?. Seyedi Chengeni and colleagues found that participants spent 50

minutes completing relaxation practice, and did this on average 1.8 days per week?®.

[insert table 2 here with subjective measures]



Quasi-objective adherence

Quasi-objective measures related to instances where the assessment of adherence behaviour was
indirect (e.g., asking them when they went to bed, and comparing this to the clinician-prescribed
bedtime). This is particularly relevant for adherence to Sleep Restriction Therapy (SRT). In SRT, the
patient’s time in bed is curtailed to their average total sleep time assessed by sleep diaries
(sometimes +15 to 30 minutes). Adherence to SRT can be derived by comparing the prescribed time
in bed to the actual time in bed reported on the sleep diary or from examining the bedtime and rise
time reports. In a number of studies (n=9), the percent of participants within a certain period of their
prescribed TIB (e.g., within 15 minutes) was reported. Adherence was conceptualised either as time
in bed that was identical to or within or 1 min**, within 15 minutes'*34°2>> or within 30-60 minutes
of their prescribed time in bed each night!*1819345556 The proportion of participants who were
within 15 minutes of their prescribed time in bed ranged from 36%3%-91.7%>*. Using a more
generous cut-off of 30 minutes, the rates increased marginally to 37.5%'-100%'*. The strictest cut-
off for adherence was a TIB that was no more than 1 min greater than the prescribed TIB* and 57%
of participants displayed this level of adherence on their sleep diary. Applying similar criteria (within
15 minutes) for bedtime, Perlis and colleagues reported 51% of participants were adherent to their
prescribed bedtime; adding modafinil this increased to 80% of participants*. Ruiter Petrov and

colleagues reported that 47% of participants were within 30 minutes of their prescribed rise time*.

The second most frequently reported measure was days participants were adherent to their
prescribed TIB/bedtime/rise time (e.g., within 15 minutes). The average percent of days participants’
TIB was within 30 minutes was calculated and this was between 60% of days'® and 83.2% of days*?.
Percent of days participants were with 15 minutes of their bedtime was relatively high. In three
studies the reported percentages in the high 80s and low 90s!%'>%, Matthews reported slightly
lower rates of 42.8-58.5 dependent on treatment week!®. Participants were within 15 minutes of
their rise time on 78.4-90% of days!**>, within 30 minutes on 72.6-87.1 % of days'®*® and within 60

minutes on 72.4 % of days®.

In two studies the deviation from prescribed TIB was reported between 20-28 minutes3**, For rise

time, the deviation was similar*®!

, except in Ruiter Petrov et al.’s study where the deviation was on
average 82 minutes®. For deviation from bedtime, Taylor and colleagues reported that participants

were 8 minutes off their prescribed time®..

In a number of studies it was reported whether the TIB was significantly different from the
prescribed TIB as a measure of adherence. No significant differences between average actual and

prescribed time in bed were reported in two studies*®%. Some measured adherence as reduction of



time in bed from pre to post-treatment and they reported reductions of 12247 and 98* minutes.
These indicated a significant change from pre-treatment values. McCrae did not report the mean
differences, from pre to post treatment, but did report that changes were significant during the

treatment phase, but not at follow-up®.

In 2001, Riedel and Lichstein published a paper in which they conceptualised adherence as the
variance of time in bed or rise time and they reported this variance was a strong predictor of
treatment outcome?®*. This indicated that it was not the reduction in TIB, but the consistency of
patients’ sleep behaviours that led to improved outcomes. Several studies attempted to replicate

their findings and also computed the standard deviation or the variance of either time in bed?*3%34,

14,3234,406263 None of the studies clearly state how exactly variance

bed time®?%3, rise time/wake time
was calculated, but the standard deviation is the square root of the variance. For the rates below,
we converted the variance reported in the studies to minutes and then to the SD so the values are
more easily interpretable by the reader. Ludwin et al. reported a median variance for TIB reduced
from 2209 to 1225 at post treatment!*. (This is equivalent to a reduction in the standard deviation
[SD] from 47 minutes to 35 minutes). Riedel and Lichstein reported slightly higher mean levels of
overall variance, but still a reduction at post treatment (from 4095 to 1189)34. (This is an equivalent
to a reduction in the SD from 64 minutes to 34 minutes). When examining rise time variance, Ludwin
et al. reported a reduction from 1521 to 761 at post treatment®. This is an equivalent of a reduction
in SD from 39 minutes to 28 minutes). These rates were more comparable to those reported by
Riedel and Lichstein (1790 to 692 or a change in SD of 42 to 26 minutes)3*. Vincent reported
variances in wake time of 4277 at baseline to 3249 at post treatment®’. This is equivalent to a
reduction in SD from 66 to 57 minutes). Cui et al. reported the standard deviations in wake time as
40.4 minutes and SDs in bedtime as 27 minutes ®2. Tamura and Tanaka reported the coefficient of
variance (SD/mean) in bed and rise time32. We were unable to transform the coefficient of variance
into the standard deviation in minutes with the information provided in the paper, so the coefficient
of variance is reported here unchanged. The authors reported increased consistency in TIB and rise

time at post treatment compared to baseline (2.6 to 2.3 for TIB and 8.9 to 7.3 for rise time)32.

In some studies, an adherence measure was used that was not common with another study. This
included 1) the mean proportion of time in bed reduction that was adhered and this was reported to
be 68.99%3*, and 2) scores ranging from 0-49 depicting adherence to individual components which
was derived from the sleep diary, with scores varying from 42.4 to 45.6 depending on the treatment
week33. The sleep diary was also used to determine adherence to components of stimulus control

(no napping/reducing napping to no later than 3-3.15pm and shorter than 60 minutes and getting



out of bed if unable to sleep). Adherence to avoiding naps was reported on a mean of 95.6% of
days'? and 84.3 % of days®®. Adherence to getting out of bed if awake at night was, on average,

practiced on 97.73% of days'?, and 64.3% of days*°.

[insert table 3 here with quasi-objective measures]

Objective adherence data

Five studies measured adherence objectively using therapist ratings*>4656364 Although in three
papers therapists were asked to rate adherence to individual intervention components®®364 the

magnitude of therapist-rated adherence was not reported.

5164 the Patient Adherence Form was utilised, which was created for the Veterans

In two studies
Affairs CBT-I Training Program®. Therapists rated participant adherence to six specific behaviours
from 1-6 (‘no adherence’ to ‘complete adherence’). This was then averaged to create an overall
adherence score. In one paper*? the Treatment Adherence Rating Scale-Therapist Report was used
(derived from Lichstein, Riedel and Grieve®®, which asked to what extent participants completed
practice exercises (from 0-100%, with 10% increments]). In two studies*®®® original scales were
created for therapists to rate the extent to which participants completed their homework. Ratings
either ranged from 0-100% or 1-5% with higher values indicating better patient adherence. The
magnitude of therapist-rated adherence to homework exercises Dong and colleagues reported was
depicted in a mean score of 80.99%; Vincent and colleagues reported that therapists rated that 48%

763

of participants were at least ‘very much adherent’®. The same study also measured adherence by

asking the spouse about patient adherence to different behaviours. The scores on this questionnaire

ranged from 5-25, and on average spouses rated their partner’s adherence as good (mean=20.58).

[insert table 4 here with objective measures]

Relationship between adherence and outcomes
Subjective data

There were conflicting findings regarding subjective adherence measures. While some found that
self-reported'®** adherence was not related to treatment outcomes, in two studies self-reported

frequency of using treatment components was significantly related to lower ISI scores post-



treatment, for overall CBT-I use (r=0.53%°) and adherence specifically for cognitive (r =—0.34°%) and

behavioural components (r=-0.27).
Quasi-objective data

The relationship between quasi-objective adherence and outcome was reported in eight studies,
since there was a large variability in the way adherence was measured, clear patterns did not
emerge. Matthews and colleagues reported a significant relationship between adherence to
bedtime and reported awakenings at night (r=.35) and also total sleep time (r=.38). This was not
replicated in other studies?, Similarly, adherence to rise time was not reported to be associated

with outcome?® and neither was adherence to TIB4%¢,

The first study to operationalise adherence as consistency in TIB/bedtime/rise time was by Riedel
and Lichstein34. They reported that rise time variance was associated with improvements in sleep
quality (r=-0.60) and nocturnal awakenings (r=0.44). Variance in TIB was associated with sleep
efficiency (r=-0.51) and WASO (r=0.51). These associations with outcome were replicated in some
(consistent wake time was related to tapering of sleep medication at post treatment, r=—.49%), but
not other other studies'**°, However, it is important to note that some of these studies used
variance of wake time. The use of wake time as opposed to rise time variance could be challenging,
considering as the former is a measure of sleep/wake state and behaviour, rather than just

behaviour.

Adherence to the quarter-hour-rule (getting up at night if unable to sleep), was associated with ISI
change at post treatment (Beta -0.22), and follow-up (Beta -0.20), as well as with insomnia remission
at post treatment (OR 2.63) and follow-up (OR 2.23)*. No napping during the day was associated
with adherence and objective WASO (Beta=0.41), TST (0.41) and SE (0.38) in one study??, but not in

another?®.

Objective data

Therapist-ratings patient adherence were significantly related to higher ISI score reduction*®®* and
post-treatment insomnia remission*®. Therapist ratings of how adherent participants were also
related to outcomes including reduction in dysfunctional beliefs, less sleep related impairment, and
better sleep quality, although not related to post-treatment SOL or sleep efficiency®®. Spouse-rated
adherence was not related to outcome®. Important to note here is that Vincent and Hameed®?
collected therapist ratings at the end of treatment, whereas Dong et al. and Trockel et al. asked

therapists to rate adherence within each session*®®4,



Predictors of adherence

Demographics

Younger age was identified as a predictor of wake time variability in one study?’, but not in
another®’; older age was a predictor of bedtime and rise time variability®?, although another study
did not find a significant relationship between age and adherence®®. Post-secondary education and
employment status was not related to self-reported adherence®*, Having a bed partner or pet was
positively related to adherence to stimulus control®’. Gender was consistently not a predictor of

adherence across self-reported®®*® and quasi-objective*®*%2 measures.

Baseline insomnia variables

Duration of insomnia® at baseline was not associated with adherence. Likewise, insomnia severity

104562 jn several studies, although one study*® reported that insomnia

was unrelated to adherence
severity was negatively related to rise time adherence. Lower levels of fatigue was significantly
related to adherence to rise time® and an overall measure of seven sleep diary behaviours®.
However, daytime impairment was not found to be a significant predictor of behaviours reported in
sleep diaries®. Lower levels of sleepiness predicted consistency of wake time®*’; however, this is not
necessarily supportive of other studies, as wake time captures a behaviour and a sleep/wake state.
Dysfunctional beliefs about sleep were negatively related to TIB and rise time adherence®, although
another study*® found that dysfunctional beliefs about sleep and sleep-related safety behaviours
were not significant predictors of bedtime, rise time or getting up at night when unable to sleep.

Medication use at baseline was not related to spouse-rated adherence; however, tapering of sleep

medication post treatment was related to higher therapist-rated adherence®.

Features of the intervention

Adherence to relaxation was found to be higher in a telehealth than web-based intervention,
although web-based treatment led to higher adherence in stimulus control, sleep restriction,
cognitive therapy and sleep hygiene®®. In contrast, treatment modality was not a significant
predictor when comparing face-to-face therapy to a mobile application®!. Relaxation adherence was
also positively related to reminders, although the type of reminder (self or system-set) had no

significant impact®. Recall of therapy components and the number of therapy components delivered



in a session were not related to self-reported homework adherence?!. Adherence to prescribed TIB
was significantly higher in an individual than group treatment arm>. Studies investigating the use of
medication to combat sleepiness related to CBT-I (due to changes in sleep routine caused by sleep
restriction and stimulus control) found mixed results: Modafinil was associated with prescribed
bedtime adherence®, while in another study?® the use of Armodafinil was not associated with

adherence (although this study used TIB as its adherence measure.)

Health variables

Health variables including perceived health, pain status, health status, exercise were not significant
predictors of adherence®, although less alcohol use was associated with better sleep hygiene
adherence®. In samples with a cancer comorbidity, the number of health problems®?, months since
cancer diagnosis and radiation were not significant predictors, although chemotherapy (compared to

other treatments) was significantly related to TIB adherence®®.

Mental health and sleep-related variables

Low levels of depression were related to higher adherence to behavioural components of CBT-I
(particularly rise time and reducing time in bed)®*®’; however, psychiatric comorbidities were not
identified as significant predictors of bedtime or rise time adherence®*%3, No significant differences
were found between high and low depression groups in adherence to cognitive components, with
the exception of high depression participants reporting less change in expectations around sleep®.
Conversely, another study found that depression and anxiety were not related to therapist-rated
adherence, although no dysthymia was significantly positively related®. Sleep-related variables
including more total wake time after the session and longer total sleep time were positively related

to adherence®?.

Psychological variables

Several variables related to perception of treatment (suitability of the treatment, overall attitude
towards and desire for continued treatment) were related to higher self-reported adherence®.
However, treatment expectations at first session*®, perceived utility, therapist competence and

interpersonal style, perceived benefits on insomnia/everyday functioning, satisfaction with format



and dose of treatment, satisfaction with outcomes and attribution of outcomes to treatment® were

not predictors of adherence.

Perceived barriers were negatively related to self-reported adherence, but not a predictor of wake
time consistency®. Perceived behavioural control did not predict self-reported overall adherence*;
however, self-efficacy was related to sleep diary adherence measures relevant to sleep restriction
and stimulus control®. Motivation® and social support!® were predictors of adherence to prescribed
TIB; motivation was also a predictor of rise time adherence?®. Locus of control, behavioural
intention, perceived opportunity and acceptance and use of technology did not significantly predict

of adherence to relaxation exercises®.

Discussion

Despite the evidence for the efficacy of CBT-I as the first line treatment for chronic insomnia, our
understanding of the patient’s ability to implement individual recommendations is limited. The lack
of reliable data regarding adherence to CBT-I limits knowledge of client engagement and the efficacy
of specific intervention components. While the most recent systematic review in this area®®
identified a lack of papers investigating adherence, the current review demonstrates that
recognition of the importance of measuring adherence to CBT-I is increasing. However, variation in
study characteristics, definitions of adherence and a lack of standardised adherence measures
remain a barrier to synthesis of adherence research as outlined in our review. Studies measuring
CBT-I adherence vary greatly in sample size, modality, dosage, and intervention components. There
is a need for more clinical trials to include a measure of adherence, so that we can determine how
these differences in study characteristics affect the magnitude of adherence. For example, we do not
know if components (like SRT) administered alone or in combination with other CBT-I components
make adherence worse or better. Are less restricted sleep windows, as a result of negotiation
between the therapist and the patient, associated with better adherence? If the patient opts to
delay bedtime, advance rise time, versus cutting off time at both ends, does this have an impact on
adherence? If cognitive components are delivered alongside (or even prior to) the behavioural
components, will adherence to the behavioural components be increased? Measurement of
adherence to specific CBT-l components has increased since the most recent review!?, so with
continued focus on improving the way we measure adherence will hopefully result in answers to

these questions.



Our first recommendation is that clinical trials with CBT-I need to include a measure of adherence.
There needs to be a focus on the individual components and we need to work toward a consensus

of what constitutes optimal adherence to CBT-I.

A number of studies since Matthew et al’s review'® have focused on assessing behaviour indirectly
through the sleep diary (what we referred to here as quasi-objective) and have moved away from
simply asking patients whether they were adherent or not. This is beneficial as these types of
measures are less likely to be influenced by social desirability. The drawback of this development is a
huge variability in the way adherence is measured, varying from n of participants meeting a specific
cut-offs (within 15, 30 or 60 min of rise time/bedtime/TIB), n of days participants meet a specific cut-
off, number of raw minutes deviation from bed time/rise time/TIB. This heterogeneity moves us
further and further away from a sound understanding of the magnitude of non-adherence in CBT-I
trials and makes it difficult to interpret the relationship between adherence and outcome. Therefore
recommendations for optimal cut-offs cannot be made to guide clinicians in monitoring adherence
to CBT-I. The most common cut-off used to determine adherence to prescribed TIB was 30 minutes
deviation. This seems sensible, as it would theoretically translate to 15-minute deviation at bedtime
and 15 minutes at rise time, which is also commonly reported. This is also consistent with the few
studies, in which raw minute deviation was reported (22-28 min more time in bed than
prescribed3#*8, The cut off for bedtime was typically 15 minutes, but for rise time some used 15
minutes and some 30 minutes. A more generous cut-off for rise time is defendable under the
consideration that it might be more difficult for individuals to rise in the morning, since they are
going from a state of sleep to wake, which could be influenced by sleepiness/sleep inertia. In fact,
these are effects that have not been considered as an influence on adherence to treatments for
sleep disorders (for a detailed discussion of this issue see ® and D'Rozario et al. in the current issue).
We always consider non-adherence as intentional, but we know that sleepiness is powerful and can
override our motivation to adhere to the recommendation. So a patient might be completely
motivated to adhere to their get up time in the morning, but then when the behaviour is to be
implemented (after a rapid transition from sleep to wake after the alarm goes off), the patient is
driven by extreme sleepiness and is more likely to stay in bed, falls back asleep and therefore
doesn’t comply with the treatment recommendations. One could say a patient is adherent (is willing
and motivated and has prepared for it by setting the alarm), but is not compliant (does not engage in
the behaviour). Likewise, the individual might be prepared to adhere to stimulus control when
discussing this recommendation with their therapist or their spouse during the day, but then when
they are awake in the middle of the night, alone with their partner sleeping, and their decision

making impaired (since the areas of the brain involved in decision making are less active than the



emotional areas of the brain during sleep), they might be less likely to get up. The state they are in
where they make the decision to adhere (during the day), is different to the state in which they

actually have to implement the behaviour. These kinds of issues have yet to be explored.

Our second recommendation is to work towards to a consensus on how to measure adherence to
SRT. This should be done by reporting a) raw minute deviations from TIB, bedtime and rise time,
b) n of days participants were within 15 minutes of bedtime, 15 minutes within their TIB and 30
minutes within their rise time, and c) n of participants who on average were within 15 minutes of
bedtime, 15 minutes within their TIB and 30 minutes within their rise time. If possible, we would
encourage authors to report adherence to other cut-offs in supplementary material (e.g. 30 and 60

min of TIB), so we can establish what the optimal dose of adherence is.

Since the publication by Riedel and Lichstein in 200134, the variance in TIB/bedtime/rise time was
reported frequently. However, the heterogeneity in measures made it difficult to draw conclusions
about the magnitude of variance in behaviour. Furthermore, many of the studies using this measure

did not adequately describe the ways in which variance was calculated.

Our third recommendation is to report variance of bedtime, TIB and rise time in minutes, with and

include clear descriptions of how variance is calculated.

The proportion of studies using objective measures of adherence has increased since Matthews’
review%; however, it is important to note that objective here referred to therapist and spouse
ratings. None of the studies examined adherence using objective measures such as actigraphy,
(despite this method being tested in healthy subjects more than 15 years ago®), mattress sensors or
camera technology. The lack of such objective measurements is likely a consequence of adherence

mainly being a secondary outcome measure in most clinical trials.

Our fourth recommendation is to explore objective measurement of adherence in clinical trials of

CBT-I and to establish a gold-standard that is unaffected by bias.

The heterogeneity across studies also meant that drawing conclusions about the relationship
between adherence and outcome as well as predictors of adherence was challenging. This was
further complicated by different definitions of outcomes and different predictors used. One
important aspect to consider here is the importance of a temporal difference between measuring
adherence and outcome in order to establish true causal relationships. It is also imperative to
develop unbiased objective measures of adherence as described above. Therapists might rate their
patients are more adherent if they are improving. Overall, only a few studies reported the

relationship between adherence and outcome. It is important to establish this link, as if it emerges



that adherence is not related to outcome, we need to understand which aspects of treatment are

mechanisms of change and what predicts adherence.

Our fifth recommendation is to measure the relationship between adherence and outcome.
Usually, the treatment is only as good as when it is correctly implemented, however this remains
an assumption for CBT-I. Importantly, there needs to be a temporal difference between measuring
adherence and treatment outcome, in order to establish causality. Studies examining adherence

should also test for predictors (particularly those that are modifiable.

One last observation to be made here is that very few studies with digital CBT-I measure adherence
that goes beyond attrition, diary completion, or viewed/completed sessions. In fact, twenty studies
(50%) of all studies that were excluded because of they did not include a measure of adherence
included digital CBT-I. This is interesting since adherence should be easy to measure through
electronic sleep diaries. Studies that include digital CBT-I should be including measures of

adherence.
Summary

In conclusion, the current review demonstrates that awareness of adherence and research into
adherence to CBT-I has become more prevalent over the past decade. However, these studies show
wide variation across sample sizes, comorbidities, treatment dosage, and importantly across
adherence measures. We hope that researchers can adopt our recommendations, so that a
consensus around the optimal measurement and magnitude of adherence can be reached in order
to determine the association with treatment outcome and predictors. This could guide future

adherence intervention studies as well as individual clinicians.

Clinics Care Points

e Some studies indicate there is a small to moderate relationship between adherence to CBT-I
and outcome (although this is contradicted by others). Since there is some evidence of a
relationship, we would advise clinicians to monitor adherence and explore avenues to
improve adherence.

e Adherence to CBT-l is complex, and patients who do not adhere often do so intentionally.
However, there is also room to consider patient’s unintentional non-adherence, particularly
if their behaviour is influenced by sleepiness or sleep inertia (for example not being able to

get up at their prescribed rise time because they are too sleepy).



e Patients might be selected when adhering to individual CBT-I components. Clinicians are
thus advised to examine non-adherence to one component in the context of adherence to

another component.
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Table 1: Study characteristics of reviewed studies

Author, year Sample Intervention Setting Insomnia inclusion criteria
Absolonetal. N=28 Breathing and Ambulatory PSQI>5, self-identified as having insomnia over the last 4 weeks
(2016)'¢ Age=mean 54.14 years(SD=11.3) visualisations radiation centre
85.7% females (f)
Comorbidity: cancer
Arem et al. N=11 CBTI, 90 min sessions community and PSQI>, self-identified as having problems sleeping since cancer
2019y Age=52.8(7.1) over 8 weeks cancer centres diagnosis
100%f
Comorbidity: cancer (survivor)
Bernatchez N=6 CBT-E (CBT-I and Community DSM-IV diagnosis of insomnia or hypersomnolence
(201977 Age range= 57-88 yrs environmental changes),
33%f 60 min sessions over 3
Comorbidity: cancer weeks
Birling et al. N=72 CBT-I, 8x50-90 mins community and DSM-V diagnostic criteria for insomnia
(2018)% Age=46.9 (12.77) sessions (some in group, sleep centre
79%f some individual)
Blom (2016)*° N=18 Digital CBT-I, 9 weeks Community Research Diagnostic Criteria and IST>10
Age=46.1(13.6)
51%f
Comorbidity: depression
Bouchard N=39 CBT-I, 8 weeks (50 mins Community Complaint of insomnia, SOL/WASO> 30 min per night, >3 nights
(2003)3 Age=41.44 individual, 90 mins group, a week during a 2-week baseline assessment; insomnia duration
59%f 30 mins telephone) of >6 months; daytime dysfunction
Boullin et al. N=25 CBT-I, 1 session Community DSM-V criteria for acute insomnia (between 2 weeks and 3
(2017)% Age: 39.62 (13.64 group arm); months)
42.00 (17.83, individual arm)
76%f
Buchanan et N=22 Brief behavioural therapy, = Community SOL or WASO or EMA reports > 3 nights per week, >=1 month,
al. (2018)* Age=46 (range 30-59) 4 sessions (2 face-to-face, and associated with daytime dysfunction
23%f 2 telephone)



Chakravorty
etal. (2019)"3

Chambers &
Alexander
(1992)*

Cui & Fiske
(2019)°?

Cvengros et
al. (2015)*8

Dolsen,
20174

Dong et al.
(2018)%

Ebert (2015)*!

Edinger et al.
(2009)>°

Comorbidity: HIV

N=11

Age=52(7)

0%f

Comorbidity: alcohol dependence

N=103
Age=39.9 (range 19-75)
67%f

N=108
Age=50.5(14.6)
72%F

N=30
Age=36.4 (14.1)
60%f

N=188
Age=47.4 (12.6)
62%f

N=188

Age=48.5 (13.6, behavioural
therapy), 46.7 (12.8, cognitive
therapy), 46.9 (11.3, CBT)

63.4%f for BT, 70%f for CT, 53%f
for CBT

N=64
Age=48.4 (9.9)
70.3%f

N=41

CBT-I, 8 sessions

CBT-I, 1-4 sessions
(majority of first sessions
2-3 hrs)

CBT-I, 6x60-mins sessions

Behavioural treatment &
Mindfulness meditation,

6 weekly sessions (90-120
mins)

Cognitive therapy,
behavioural therapy or
CBT-I, 8 weekly sessions
(behavioural and cognitive
therapy 45-60 mins, CBT-I
75 mins)

Cognitive therapy,
behavioural therapy or
CBT-I, 8 weekly sessions
(behavioural and cognitive
therapy 45-60 mins, CBT-I
75 mins)

Digital CBT-I, 6 sessions
(45-60min)

CBT-1, 4 biweekly
sessions, 30-60 mins

Community and

local health clinics

Sleep clinic

Sleep clinic

Community

Community and
referral

Community and
referral

Schools

Community and
referral (health

ISI>8

Subjective complaint of insomnia

DSM-IV-TR criteria

ISCD-2 diagnosis of psychophysiological insomnia and

SOL/WASO >30 min >3 nights per week for at least 1 month

SOL, WASO>30 min, TST<6.5 hours per night established with
2-week sleep diary, insomnia>3 nights per week >6 months
significant daytime impairment

DSM-IV-TR criteria

ISI>15

Research Diagnositc Criteria and SOL +WASO time of >60 min
per night



Ellis et al.
(2015)"°

Epstein et al.
(2012)*

Epstein et al.
(2013)*

Garland et al.

(2016)'8

Hebert et al.
(2010)%7

Heenan et al.
(2019)*?

Ho et al.,
201436

Age=56.9 (16.3, primary insomnia),
52.0 (11.1, comorbid insomnia)
15%f

N=20

Age=32.9 (14.02)

55%f

N: SCT=44, SRT=44, MCI=41
Age=70.95 (8.33 for stimulus
control), 68.00 (8.25 for sleep
restriction), 67.22 (6.55 for multi-
component therapy)

SCT: 71%f, SRT: 57%f, MCI:
66%f

N=41

Age=30.32 (7.73) range=20-58
5%f

Comorbidity: war veteran with blast
exposure and/or other injury with
loss of consciousness

N=43

Age=57.5 (average of CBT-1
groups)

90%f (just CBT-I groups)
Comorbidity: cancer (survivor)

N=94
62%f

N=47

Age=62.11 (12.12), range 22-88
47%ft

Comorbidity: cardiac rehab

N=207
Age=

CBT-I & self-help leaflet,
1 session, 60-70 mins

Stimulus control, sleep
restriction or both, 6 weeks
(4 groups face to face, 2
telephone)

CBT-I, 4 weeks (1 face-to-
face, 3 telephone), initial
group session
(M=69.51mins), telephone
sessions (M=15.73mins)

CBT-I and Armodafinil, 7
weekly individual sessions
(face-to-face and
telephone)

Digital CBT-I

CBT-I, including some
cardiac-relevant
information, 6x90 mins
group sessions

Digital CBT-I self-help
(without vs with support),

centres and VA
outpatient mailing
lists)

Community

Community

Trauma clinic

Community and
cancer centres

Community and
referral

Cardiac rehab
centre

Community

DSM-V diagnostic criteria for acute insomnia

SOL or WASO>45 min for at least 3 nights per week as
determined by 14-day sleep diary, >6 months and daytime
dysfunction

SOL or WASO>1 month and ISI>10 and impairment in daytime
functioning

Insomnia> 3 months, SOL/WASO >30 min on>3 days per week
for at least 1 month) started or became worse with diagnosis
/cancer treatment

Problems with SOL/WASO or EMA >30 min on 4 days per week
for at least 6 months

DSM-V diagnostic criteria

SOL or WASO, EMA or non-restorative sleep with daytime
impairment on>3 nights for>3 months



Holmqvist
(2014)>°

Horsch
(2017a)*»

Horsch et al.
(2017b)36

Kaldo
(2015)3

Kamen et al.
(2019)1%*

Koffel et al.
(2018)°!

Lee & Harvey
(2015)*

36.9 (13.0 self help with support),
38.6 (11.8 self-help without
support)

69%f

N: Web-based=39, Telehealth-
based=34
71.8%f (web) 79.4%f(tele)

N=45
Age=35(14)
67%f

N=74
Age=39 (13.0)
61%f

N=73
Age=47(15.2)
81%f

N=47

Age=58.88 (30-74, for CBT with
placebo); 56.26 (36—73 for CBT-I
with Armodafinil)

91%f

Comorbidity: cancer

N=18
Age=48.50 (14.93)
61%f

N=17

Age=39.47 (13.47)
59%f

Comorbidity: Bipolar

6 weeks (4 face-to-face, 2
by phone)

Telehealth and digital
CBT-I, 6 sessions, 1
Mindfulness session

Digital behavioural
treatment (progressive
muscle relaxation
exercises), with reminders
to improve adherence
Digital CBT-I, 6-7 weeks

Digital CBT-I, 8 weeks

CBT-I, 7 sessions (3 face-
to-face, 4 telephone)

CBT-I and CBT-I coach,
5x60 mins sessions

CBT-I-BP,8x50mins
weekly individual sessions

Community and
referral

Community

Community

Community

Community and
clinic (cancer)

VA medical centre

Community

Research Diagnostic Criteria

Individuals who suffered from insomnia

DSM-V and ISI>7

Research Diagnostic Criteria and IST>10

insomnia>3 months starting/worsening with cancer treatment

Receiving CBT-I in a clinic

SOL or WASO unrefreshing sleep with daytime impairment for 3
days/week for at least the last month



Lovato et al.
(2013)38

Ludwin et al.

(2018)

Manber et al.

(2011)58

Matthews et
al. (2012)!°

McCrae et al.

(2018)®

Miller et al.
(2013)"!

Miller et al.
(2015)®

Perlis et al.
(2004)*

N=86
Age=64.10 (6.80), 49-85 (range)
52%f

N=14

Age=

68.36 (5.03), 60—83 (range)
0%f

N=301,
Age=49.6 (13.9), 21-88 (range)
57.5%f

N=34

Age=53.56 (7.09), 35-65 (range)
100%f

Comorbidity: cancer

N=32
Age=67.97 (5.97)
69%f

N=9
Age=46.4 (34-58)
67%f

N=75
Age=45.5, 25-60(range)
75%f

N: CBT-I & placebo=9; CBT-I &
Modafinil=10

Age=47.4 (1.7, CBT with placebo),
35.0 (11.7, CBT-I & modafinil)
67%f (CBT & placebo) 80%f
(CBT-I & Modafinil)

CBT-I, 4x60mins group
sessions

Community

CBT-I, 6-8x 75mins group VA medical centre

sessions

CBT-I, 7x 90 mins group
sessions (first weekly, then
biweekly for final 2)

Sleep clinic

CBTI, 6 sessions (face-to-  Cancer centres and

face and telephone) referrals
Brief behavioural therapy, = Community
4 weeks

Sleep restriction therapy, 4 ~Community
sessions (face-to-face and

telephone)

Sleep restriction therapy Community

CBT-I (with placebo or
modafinil),

8xweekly sessions, 30-90
mins

Community and
sleep centre

WASO >30 min>3 nights>6 months, daytime impairment

Self-reported sleep problems

Complaint of insomnia confirmed by BSM board certified
psychologist or physician

Insomnia that started or was made worse through diagnosis
determined by clinical interview

SOL or WASO >30 minutes>3 nights per week >6 months,
daytime impairment

Research Diagnostic Criteria

Problems with SOL/WASO or EMA >30 min on > 3 days per
week for at least 3 months and daytime impairment

ICSD classification of psychophysiological insomnia and >30
min SOL>2 awakenings per night >15 min and/or WASO 30 min,
TST <6 hrs unless SE >80%. Problem >4 nights per week with >6
months duration, daytime impairment complaint that had to at
least be sleepiness/fatigue



Petrov et al.
(2014)%°

Randall et al.
(2019)3

Riedel &
Lichstein
(2001)*

Savard et al.
(2016)'"

Seyedi-

Chegeni et al.

(2018)

Sidani et al.
(2015)%0

Sidani et al.
(2017)%*

Smitherman et

al. 2016)%

N=53
Age=18.9 (1.7), 17-25 (range)
87%f

N=30
Age=
33.13(8.85)
0%f

N=22

Age=67.96 years (7.07), 6081
(range)

73%f

N=161

Age=52.6 (8.9) (face-to-face CBT),
55.3 (8.7) (video based CBT-I)
100%f

Comorbidity: cancer

N=45

Age=57.37 (12.8)
33%f

Comorbidity: COPD

N=262
Age=56 (16), 21-90 (range),
60%f

N=213
Age=56 (16), 21-90 (range),
60%f

N=16
Age=29.6 (13.4)
94%f

Behavioural treatment,
1x 90 mins group session

CBT-I, 1 session

Sleep restriction therapy, 6
weekly sessions

CBT-I (face to face or
digital),

6 weeks of 50 mins
sessions or 6 booklets with
5-20 mins video

Progressive muscle
relaxation, 8 weeks

Behavioural therapy,
4 group sessions, 2
telephone sessions

Behavioural therapy,
4 group sessions, 2
telephone sessions

Behavioural therapy,
3x30 mins biweekly
sessions

College

Prison setting

Community

Cancer centres

Respiratory clinic

n/a

n/a

Community and
neurology clinic

ISI>8, and ICSD-2 classification, > "sometimes" > 1/11 items of
sleep disorders screener

DSM-V criteria (2-3 months duration) for acute insomnia

SOL or WASO >30 min 3x a week for >6 months

ISI>8 or use of sleep med > 2x in past 2 weeks

PSQI>21

SOL or WASO >30 min on >3 nights per week based on sleep
diary and reported problems for >3 months based on ISI

SOL or WASO >30 min on >3 nights per week for >3 months
based on ISI

ICSD-3 criteria for insomnia



Tamura &
Tanaka
(2017)*

Taylor et al.
(2014)%!

Tremblay et
al. (2009)'2

Trockel et al.

(2014)%

Vincent &
Hameed
(2003)%3

Vincent et al.

(2008

Vincent &
Lewycky
(2009)*

Comorbidity: chronic migraines

N=28
Age=67.21 (8.33)
T1%¢

N=17
Age=19.47 (1.66), 17-25(range)
24%f

N=57

Age=54.05 (7.36)
100%f
Comorbidity: cancer

N=696
Age=52(14), 22-85 (range)
10%f

N=50
Age=51.4(11.4)
66%f

N=40
Age=46.9 (11.9)
50%f

N=59
68%f

Behavioural treatment,
single 2-hour group
session

CBT-I,

6x individual sessions

CBT-I,
8x weekly 90 mins group
sessions

CBT-I, 5 sessions

CBT-],
7x weekly 90 mins group
sessions

CBT-I, 6xweekly group
sessions

Digital CBT-I, 5 sessions

Public health centre

Student sample

Community and
referrals

Clinic (VA)

Community and
referral

Sleep clinic

Community and
referrals to sleep
clinic

SOL or WASO >30 min and >10 points on ISI (Japanese version)

DSM-V insomnia criteria

SOL or WASO >30 min, SE <85%, >3 nights per week>6
months, daytime impairment

DSM-IV insomnia criteria

DSM-IV TR and TST <6.5 hrs SOL >45 or WASO>30 and>4 hrs
for>6 months and two daytime areas of impairment

SOL or WASo or EMA>30 min or non restorative sleep>3 nights
per week>6 months with >2 daytime impairment areas

SOL or WASO >30 min, 1 daytime impairment and > 6 months >
nights per week

CBT-I= Cognitive Behaviour Therapy for Insomnia, DSM=Diagnostic and Statistical Manual of Mental Disorders, EMA= Early morning awakenings, ICSD=
International Classification of Sleep Disorders, ISI= Insomnia Severity Index, PSQI= Pittsburgh Sleep Quality Index, SD=standard deviation, SOL= Sleep onset
latency, TST=Total sleep time WASO= Wake after sleep onset, * same trial as Savard et al. 2015, + same trial as Garland 2006 Summary of subjective

adherence data

Table 2: Subjective adherence measures, magnitude, correlation with outcomes and predictors



Author, Adherence Quality | Quality rating: | Magnitude of Correlation between Predictors/correl | Non-predictors/correlates of adherence
year measure rating: | measure of adherence adherence and ates of
descript | adherence outcomes adherence
ion of
adheren
ce
measur
e
Absolon et | % of High Low 75% Not associated with Baseline variable
al. (2016)'¢ | participants who any treatment variables
were able to
follow treatment
recommendation
for at least
24/30 days
Aremetal. | % of Low Low 71%
2019y participants who
reported home
practice as "very
often"
Bernatchez | % of time Low Low 65% (median)
et al. strategies were
(2019)"7 applied
Blom et al. | How often Low Low
(2016)% treatment
components
were used on a 5
point scale (0
not at all-4 very
much)
Buchanan | Self-report (how 5.0 (1.5-7.0) for
et al. well did you self-report;
(2018)* adhere to

treatment on




scale 0-7, higher
score indicating
better

adherence)
Chambers | Self-reported Low Low Adherence did not
& compliance predict treatment
Alexander outcomes
(1992)*
Ebert et al. | Participants Low Low [reported here for indirect effects of
(2015)*! were asked if % implementing increased recreational
they completed exercise activities that was
exercises at completely] 50.88 associated with reduced
home for utilisation of perservative cognitions
"completely, recreational and this with the
partly, or not at activities; 35.09% | reduction of sleeping
all." for stimulus control | problems ((
and sleep 0.11, SE .07, 95% CI:
restriction, 63% for | 0.41 to 0.02)
sleep restriction
specifically;
35.09% for
strategies
overcoming
persevative
cognitions
Edinger et | How many days | High Low Mean of 6.23 days
al. (2009)*° | per week per week adherent
implemented
each of the 6

core elements of
the treatment
(standard rise
time, avoidance
of naps, not
worrying in bed,
use of the bed
only for
sleeping,




adherence to
TIB
prescription,
getting out of
bed when
unable to sleep)
and adherence
to each item was

averaged.
Epstein et | i) Self report (0- | Low Low i) No means
al. (2012)*7 | 4 with higher reported for self-
scores better reports
adherence) and ii) 89.3% (£ 9.5) for
ii) questions SCT, 87.3% (+
about adherence 10.2) for SRT, and
to specific 90.0% (+ 8.5) for
behaviours e.g. MCIL.
did you adhere
to the QHR
Epstein et | Self-report Low Low 28% indicated very
al. (2013)? | questionnaire much. Use of audio
(how often did files: guided
you implement imagery 40.7 -79.4
components, % depending on
scale not clear) treatment week;
and % of breathing
veterans using awareness 25.9-
audio files 58.8%; body scan
22.2-61.8%
Hebert et % of homework | High Low Clock-watching Perceived
al. (2010)%” | practice for at (70.0%), caffeine behavioural
least 4 nights of (60.9%) and control, support,
the week alcohol taper and higher

(95.6%), avoiding
heavy meals before
bed (87.0%),
sleeping separately

intention were
associated with
adherence to
sleep hygiene




from noisy bed
partner (87%),
exercising (39%),
tapering liquids
before bed (60.9%),
temperature control
in bedroom (87%),
avoidance of
napping (82.6%),
regular sleep
schedule (82.6%),
avoiding reading or
TV viewing in bed
(82.6%), abdominal
breathing (60.0%),
progressive muscle
relaxation (38.8%),
imagery-induced
relaxation (38.8%),
hypnosis (41.2%),
and sleep restriction
(44.4%).

practices. More
contemplative
individuals were
more likely to
adhere to
exercise and
tapering
caffeinated
beverages

Ho et al.
(2014)%¢

how far they
had followed
instructions (all,
almost all or
more than half)

Low

Low

Support

Holmqvist
et al.
(2014)>°

Use of
homework on
>4 nights per
week

Low

Low

Telehealth: 75%
(clockwatching),
73% (relaxation),
72% (sleep
restriction and
stimulus control)
47.8% (cognitive
therapy), 95%
(sleep hygiene)...
Online CBT-I: 65%

web vs
telehealth




(clockwatching),
72.7% (relaxation),
95% (sleep
restriction and
stimulus control)
80% (cognitive
therapy), 100%

(sleep hygiene)...
Horsch et How often the High Low Median 0 (IQRS6, reminders vs no | type of reminder (self or system set), self-
al. relaxation for no reminders), reminders, empowerment or opportunity (opportunity
(2017a)*° exercises were median 1 (IQR 3 appreciation for | to do the relaxation exercises was
used (in days) for self-set the relaxation available), acceptance and use of
reminder) and 1 exercises and technology, locus of control, insomnia
(IQR 5 for system ability to use the | severity, behavioural intention
set reminder) phone
Horsch et | Number of High Low Mean of 49
al. relaxation relaxation exercises
(2017b)* | exercises completed, (10% of
performed (also participants
reported % with adherent for
>35 relaxation relaxation)
exercises)
Kaldo et Hours spent Low Low Mean 6.1 hrs (SD=
al. (2015)%* | each week using 4.5)
treatment
methods
Lee & Self-report High Low Mean=82.08 recall of therapy components, how many
Harvey assessing on a (SD=17.02) therapy components were delivered per
(2015)%! scale of 0-100 to homework session
what extent they compliance
completed the
homework

assignment with
higher scores




indicating better

adherence

Manber et | Self-report scale | High Low Mean of 1.69-2.33 | Adherence related to lower

al. (2011)°® | from 0-3 for for high depression | lower posttreatment ISI | depression
each of the 6 group and 1.85-2.49 | scores scores, esp for
components for low depression rise time and
with higher group TIB (no diff for
scores conitive
indicating better components
adherence

McCrae et | Self-report logs Sleep hygiene: Adherence

al. (2018)*° | for sleep 86.19% (SD20.13), higher for sleep
hygiene Stimulus Control hygiene than
behaviours 83.01% (SD20.21) stimulus control
stimulus control and Relaxation and relaxation
components and 68.83% (SD 30.43)
relaxation
practice
(supposed to
practice 2x day
and specify
time), and then
reported % of
items that were
adhered to

Miller Sleep restriction | Low High week 1=26.1 (3.5),

(2013)"! adherence scale week 2 =24.0 (3.8),
(range 5-30, week 3 =25.1(1.3),
greater score week 4 =23.1 (6.1)
more adherence

Miller Sleep restriction | Low High >20 on SRAS,

(2015)® adherence scale "adherence

(range 5-30,

suggested on sleep
diary"




greater score
more adherence)

Ruiter Self-report High Low On average 77 % of Bed partner or Baseline variables not related to SH
Petrov et asking whether stimulus control pet and higher adherence; baseline variables (except bed
al. (2014)*° | they instructions and treatment- partner/pet and treatment related self-
implemented 11 85% of sleep related self- efficacy) not related to SCT adherence
behaviours then hygiene instructions efficacy
average % of were adhered to associated with
behaviours stimulus control
adhered to over adherence.
the 14-day FU Treatment-
period related self-
efficacy and less
alcohol use
were associated
with better sleep
hygiene
adherence.
Savard et % of Low Low Implementing
al. (2016)'" | participants moderately: 100%
implementing behavioural, 94%
strategies at cognitive and 100%
least sleep hygiene;
"moderately" or implemeting a lot
at least "a lot" or or extremely: 97%
"extremely" for behavioural
65% for cognitive
and 93% for sleep
hygiene
Seyedi- Self report High Low Average exercise
Chegeni et | duration and time 50 min and 1.8
al. (2018)* | time of times per day
relaxation

practice at home
(were told to
practice 2 times




per day for 30

min each)
Sidani et i) On diary High Low i) Use of bed for Group (allocated based on treatment
al. (2015)%° | indicated sleep only reported preference or randomised to treatment)

whether (1) used in days per week:

the bed for sleep applied on average

only (2) getting (randomised=6.3-

out of bed when 6.5;

unable to fall preference=6.1-

asleep or fall 6.4), non-applicable

back to sleep (randomised=0.5-

within 15 to 20 0.6;

minutes, and (3) preference=0.14-

taking a nap in 0.23)

bed only if Got out of bed:

necessary. applied

Adherence was (randomised=1.6-2;

conceptualised preference=1.3-

as the number of 1.9), non-applicable

days, within (randomised=2.3-

each treatment 2.9;

week, that each preference=2.3-3.3)

recommendation Took nap in bed:

was applied and applied

no. of days it (randomised=0.7-1;

was not needed. preference=0.4-

ii) overall rating 0.7), non-applicable

scale measured (randomised=4.7-

overall 5.2;

adherence to preference=4.8-5.3)

treatment (five- ii) Mean overall

point scale compliance score:

ranging from (random group=3.1)

not at all (0) to (preference

very much (4)). group=2.9)
Sidani et Self-reportona | Low Low suitability of the | utility, therapist competence and
al. (2017)* | scale of 0-4 with treatment, interpersonal style, perceived benefits on




higher rates
indicating better
adherence

overall attitude
towards and
desire for
continued
treatment use

insomnia/everyday functioning,
satisfaction with format and dose of
treament; satisfaction with outcomes and
attribution of outcomes to treatment

Smitherma
n et al.
(2016)»

Self-report on a
scale of 1-5 with
higher scores
indicating more
frequent
implementation
(nearly every

day)

High

Low

Mean=4.3 (SD=
0.4)

Taylor et
al. (2014)%!

Self-report to
indicate whether
they were
adherent to
various
behaviours each
day of the week

Low

High

Tamura &
Tanaka
(2017)*

Self-reported
how often
practiced any of
the sleep-
promoting
behaviours with
scores from 0-
23. Also
reported %
practice
individual
behaviours

Low

Low

Went from 8.89
(4.84) at baseline to
7.25 (4.29) at
posttreatment. The
only change in the
sleep-promoting
behaviours was
exposure to sunlight
in the morning. %
implementing
behaviours at
posttreatment
ranged from 35.7 to
85.7




Vincent et
al. (2008)*

Self-report
rating about
adherence in
general from 1-6
with higher
scores (range 5-
30) indicating
better adherence

Mean=214.

Barriers PBC, pretreatment sleepiness, gender,
(discomfort, postsecondary education status
annoyance,

boredom)

Vincent &
Lewycky
(2009)*!

n of participants | Low

practicing home
work >4 nights
per week each
week

Low

Clock-watching
(73.9%), sleep
hygiene (76.8%),
stimulus control
(64.2%), relaxation
training (67.6%),
sleep restriction
(51.6%) hypnotic
tapering (22.6%).
(relaxation types:
paced breathing
exercises 48%,
PMR 22%,
hypnosis 22%,
imagery-induced
relaxation 22%

Table 3: Quasi-objective adherence measures, magnitude, correlation with outcomes and predictors

Author,
year

Adherence measure

Quality
rating:
description
of
adherence
measure

Quality Magnitude of
rating: adherence
measure of

adherence

Correlation between

adherence and outcomes

Predictors/correlates of Non-

adherence

predictors/correlates
of adherence




Birling et
al. (2018)%

TIB difference,
calculated by
subtracting prescribed
TIB from mean TIB
reported in the sleep
diary

High

High

Bouchard et
al. (2003)*

Recorded the presence
or absence of 7
behaviours based on a
sleep diary, then
combined this score for
min 0 and max 49 score
(Behaviours evaluated
included: bedtime more
than 15 min prior to
prescribed time, get up
more than 30 min after
prescribed time, doesn’t
get out of bed if awake
for more than 30 min,
naps>60 min and after
3pm, not following
evening routine, used
bed for non-sleeping
activities)

High

High

Ranged from
M=42.35
(SD=5.32) in
week 2 to
M=45.61
(SD=3.35) in
week 7

Self-efficacy

Boullin et
al. (2017)*

Adherent if TIB that on
average was 15 minute
within prescribed TIB

High

High

53.85% (group
treatment)
91.67%
(individual
treatment arm)

Indvidual treatment arm

Chakravorty
etal.
(2019)"3

Adherent if difference
between TIB and pTIB
in total (for the week)
<105 minutes

High

High

90.9




Cui & Fiske | Standard deviation in High High 27.1 (SD 29.0) Higher age, fewer Gender, ethincity,
(2019)°? bed and rise times min [bedtime], depression symptoms education,
(higher SD poorer 40.4 (SD 25.9) employment,
adherence) based on min [risetime] insurance, marital
weekly averages status, number of
health problems,
anxiety, baseline
PSQI, IST or ESS
Cvengros et | Difference between High High Mean total Fewer dysfunctional Age, gender,
al. (2015)* | TIB/risetime and TIB=22 (SD 38.3) beliefs (to TIB and rise ethnicity, years of
prescribed TIB/risetime minutes more time) and less severe education, duration of
and then calculated % than prescribed, insomnia (to rise time) insomnia
of days/35 when TIB rise time=30.5
was no more than >30 minutes (SD 36.4)
earlier and rise time was later than
no more than 60 min prescribed;
later participants were
adherent with TIB
recommendations
on 61.6% of days
(SD=27.4,
range=0-96.4%),
and rise time
recommendations
72.4% of days
(SD=24.8,
range=17.1-
100%)
Dong et al. 1. Calculated n of High High 1. Bedtime: 6.17 Beta -0.18 for overall Pre-treatment fatigue (for | Psychiatric
(2018)% adherent days per week days (SD 0.92); adherence and insomnia | global adherence to comorbidities,

for each criterion:
bedtime <15 min before
prescribed bedtime,

Rise time 5.08
days (SD 1.39);
naps 5.91 days

improvement. Beta -0.22
for getting out of bed
during night and ISI

behavioural strategies)

daytime impairment,
treatment expectation
at session 1, duration




risetime <30 min after
the prescribed risetime,
20 min rule in the
middle of the night, nap
before 3pm and <60
min, TIB <30 min
within pTIB.

(SD 1.56); Sleep
window 5.05 days
(SD 1.41);
Getting out of bed
during night
awakenings 4.51
days (SD 2.11)

change at posttreatment
and at FU. Insomnia
remission and overall
adherence OR 1.99 at
posttreatment and OR
1.54 at 6- month FU.
Getting out of bed and
remission OR 2.63 at
posttreatment and OR
2.23 at 6 month FU.
Adherence to bedtime,
risetime, napping and
sleep window did not

of insomnia,
dysfunctional beliefs
about sleep and sleep-
related safety
behaviours (some of
these were reported as
significant trends)

significantly predict
outcomes.

Edinger et 2. standard deviations High High Magnitude of
al. (2009)*° | in TIB and rise time TIB/rise time

from baseline to post- variance not

treatment from the sleep reported

diary
Ellis et al. % of participants within | High High 60% within 15
(2015)"° 15 min of their pTIB min, 65% within

and % of participants 30 min of

within 30 min of their prescribed TIB

prescribed TIB
Garland et % of participants within | High High 67.6 (CBT+A) not whether assigned
al. (2016)'® | 30 min of their TIB 54.78 (CBT+P) to placebo or

armodafinil

Heenan et Average difference Low High No correlation with sleep
al. (2019)?* | between bedtime and diary and questionnaire

prescribed bedtime outcome measures
Horsch et Difference between TIB | High High M difference to
al. and prescribed TIB prescribed TIB of
(2017b)® (also reported % with 59.2 minutes (SD

diff <60 min) 46.4) (68%




adherent to sleep
restriction)

Kamen et Difference in time of High High 37.5 week 1, then social support
al. (2019)" | bed and prescribed ranged between
TIB>30 minutes, then 60-75.7 %
dichotomous yes no for (depending on
adherent vs not adherent week of
treatment)
Lovato et Difference between TIB | Low High TIB not
al. (2013)*® | and pTIB significantly
different from
prescribed time in
bed
Ludwin et 1. Difference between High High 1. 57% had a diff | No correlation with ISI,
al. (2018)'* | TIB and prescribed TIB score between SE, WASO, SL, TST
in the final week, TIB and pTIB that | (although moderate
participants considered was <1 None negative relationships of
adherent if diff score <1 had a diff score some outcomes with rise
and non-adherent if >30 minutes 2. time variability)
difference >0; 2. rise Median rise
time variability during variability went
initial and final from (.42) (.08-
treatment weeks and 3. 1.05)
variability of TIB 0.21 (0.05-0.56)
during the initial and 3. Median TIB
final treatment weeks variance went
with greater variability from (.62) (.30—
indicating poorer 1.23) to 0.34
adherence (0.13-0.65)
Matthews et | N of days that High High 3-4.1 (rise time), r=.35 (for prescribed Chemotherapy (vs other | age, full-time

al. (2012)!°

bedtime/risetime were
within 15 minutes of
prescribed time, and
TIB was within 30

4.2-5.1 (TIB) and
5.4-6.1 days
(bedtime)

bedtime and reported
awakenings per night.
r=.38 (for prescribed
bedtime and TST) and

treatments for bedtime

and TIB), motivation (for
TIB and rise time), lower

fatigue (for rise time)

employment, marital
status, radiation,
months since
diagnosis, insomnia




minutes of prescribed
time

r=.32 (for prescribed TIB
and TST)

severity, anxiety and
depression

McCrae et 1. Diff between TIB and | High High No difference
al. (2018)*° | prescribed TIB and 2. between TIB and
Difference in pre and pTIB. There was
post treatment TIB a reduction in TIB
from baseline to
late treatment,
posttreatment but
not at FU.
Miller et al. | 2. TIB reduction from Low High Significant
(2013)7 pre to posttreatment reduction in TIB
from pre to
posttreatment
(489 versus 367
min)
Miller et al. | TIB reduction from pre | Low High Significant
(2015)® to posttreatment reduction in TIB
from pre to
posttreatment
(526 versus 428
min)
Perlis et al. | Difference between High High 80% CBT with Modafinil
(2004)% bedtime and prescribed modafinil, 51%
bedtime. If it was later CBT with placebo

or the same, then
assigned 0, and if all the
weekly values (sum)
were at least 105
minutes then deemed
non-adherent. (That
equates to on average




15 minute deviation per
day). Adherence was
conceptualised as % of
participants considered
adherent

Ruiter Standard deviation in High High 81.6 min
Petrov et al. | rise time and % of deviation from
(2014)% participants who were rise time (SD
more than 30 min diff 96.5, range 0—
540.0.) 47% of
participants were
<31 min diff from
their prescribed
rise time.
Randall et n of nights that Low High 90%
al. (2019)> | participants were within
15 minutes of their
prescribed bedtime or
rise time on their 1-
week posttherapy diary
Riedel & 1. Difference in TIB High High 1.27.89 min (SD | r=0.51 for WASO and
Lichstein and prescribed TIB 2. % 31.72) more time | TIB variance; r=0.44 for
(2001)* of time in bed reduction in bed, 64% were | Rise variance and

that was adhered to (in
%) 3. Change in TIB
from baseline to post-
treatment 4. Time in
bed variance 5. Rise
time variance

within 30 min of
TIB and 36%
within 15 min of
prescribed TIB 2.
adherence of
68.99 (SD 26.31)
% 3. TIB
posttreatment was
(M=400.39,
SD=69.90) and
this was sig lower
than baseline
(M=467.92,
SD=66.24) 4.

Awakenings, r=-0.51 for
TIB variance and sleep
efficiency, and r=-0.60
for sleep quality and rise
time variance. Adherence
to combined score for
TIB difference/TIB %,
rise variance and TIB
variance was associated
with reduced WASO and
improved sleep quality




variance of TIB at
baseline
(4095.01) and
post-treatment
(1189.80). 5. Rise
time variance
1790.86 at
baseline and
692.37 at
posttreatment

Tamura &
Tanaka
(2017)*

1. Variance in bedtime
and rise time ,

Low

High

Bedtime variance
reduced from 2.61
(2.40) at baseline
to 2.35 (1.86) at
posttreatment;
Rise time
variance reduced
from 8.89 (4.84)
at baseline to 7.25
(4.29) at
posttreatment.

Taylor et al.
(2014)%!

Difference between TIB
and prescribed TIB, and
difference between rise
time and prescribed rise
time.

Low

High

Difference of 7.65
minutes between
actual bedtime
and prescribed
bedtime;
difference of
20.61 minutes
between
prescribed rise
time and actual
rise time

Tremblay et
al. (2009)'2

Dichotomous yes/no for
5 criteria: 1. <15 min
within bedtime, after
the 6th session that
turned to >30 min

High

High

Overall: 88.83 %
days (SE 8.48),
Bedtime: 89.20
% days (SE
11.60), Rise time:

Association between
adherence to not napping
and change in objective
WASO (B(beta)=-0.41),




earlier and then
computed the sum of all
bedtimes / n of days

2. same as 1. but for rise
time 3. getting up
within 30 min of
awakenings in the night,
4. any naps <60 and
ending before 3.15pm,
5. TIB,<30 min
different to prescribed
TIB. Then % of days
that the participant was
adherent was calcuated
from the days between
session 3 and end of
CBT-1

78.36 % days (SE
15.60), Avoidance
of napping 95.63
% days (SE 6.02),
Rising during the
night if awake:
97.73 % days (SE
4.33), Adherence
to TIB: 83.20%
days (SE 17.20)

TST (0.41) and Sleep
efficiency (0.38).

Vincent & Consistency of bedtime, | High High Tapering of sleep meds Anxiety, dysthymia
Hameed consistency of wake at posttreatment was
(2003)%3 time (Standard related to more
deviations at 14 days consistent wake time r=
pre and post treatment), —-.49.
Vincent et Consistency of wake Low High Significant No correlation with wake | , Younger age, less Barriers, perceived

al. (2008)%

time

improvement in
variance of rise
time (pre 1.2 hrs,
SD 0.68; post
0.91hrs, SD 0.58)

time consistency

sleepiness

behavioural control
Gender,
postsecondary
education status




Table 4: Objective adherence measures, magnitude, correlation with outcomes and predictors

Author,
year

Adherence
measure

Quality
rating:
description
of
adherence
measure

Quality
rating:
measure
of
adherence

Magnitude of
adherence

Correlation between
adherence and
outcomes

Predictors/correlates of
adherence

Non-predictors/correlates of
adherence

Dolsen et
al.
(2017)*

Therapist
adherence scale
(0-100, "To what
extent did your
patient complete
the practice
exercises outside
of session this
past week?” (0%
to 100% with
10% increments")

High

High

More total wake time after the
session (but this was reversed
later on in treatment); longer
TST (later on in treatment)

Dong et
al.
(2018)%

Therapist
adherence scale
(0-100, "To what
extent did your
patient complete
the practice
exercises outside
of this session?”

Mean=
80.99,
(SD=17.85)

ISI reduction post-
treatment (b =
—0.14, p = 0.045),
remission at post-
treatment (OR =
1.84, p = 0.008).

Psychiatric comorbidities, daytime
fatigue, daytime impairment,
treatment expectation at session 1,
duration of insomnia, dysfunctional
beliefs about sleep and sleep-related
safety behaviours

Koffel et
al.
(2018)°!

Therapist rated
scale for six
treatment
recommnedations,
scale 1-6 with
higher scores

High

High

CBT-I coach or not




indicating better

adherence
Trockel Therapist rated High High d=0.95, higher Therapeutic alliance
etal. scale for six adherence had 4.1
(2014)%* | treatment points greater I1SI

recommnedations, reduction compared

scale 1-6 with to lower group

higher scores

indicating better

adherence. Then

split group into

terciles (high med

low adherence)
Vincent Therapist High High 47% rated at | Therapist rated No dysthymia related to Anxiety, medication use,
& questionnaire (on least very adherence was higher therapist-rated depression
Hameed a scale of 1-5 much related to reduction | adherence;
(2003)%* | with higher scores adherent on in dysfunctional

indicating better therapist beliefs, less sleep

adherence for 5 questionnaire. | related impairment,

components of Average better sleep quality;

CBT-I) and score on not related to post-

spouse spouse treatment SOL or

questionnaire questionnaire | sleep efficiency.

with a range of 5- was 20.58, Spouse rating not

25 with higher .
Adherence to
multiple
behaviours was
assessed in the
spouse
questionnaire
(relaxation
practice, sleep
diary completion,
changes to night
routine, QHR,

highest score
was for diary
completion,
then bedtime
routine, sleep
restriction
and then
relaxation
training.

related to outcomes.




1. Riemann D, Baglioni C, Bassetti C, et al. European guideline for the diagnosis and treatment of

insomnia. . Journal of sleep research. 2017;26(6):675-70.

2. Qaseem A, Kansagara D, Forciea MA, Cooke M, Denberg TD, Clinical Guidelines Committee of the
American College of Physicians. Management of chronic insomnia disorder in adults: A clinical
practice guideline from the american college of physicians. Annals of Internal Medicine;

Ann.Intern.Med. 2016;165(2):125-133.

3. van Straten A, van der Zweerde T, Kleiboer A, Cuijpers P, Morin CM, Lancee J. Cognitive and

behavioral therapies in the treatment of insomnia: A meta-analysis. Sleep Med Rev. 2017.

4. Trauer JM, Qian MY, Doyle JS, Rajaratnam SM, Cunnington D. Cognitive behavioral therapy for

chronic insomnia: A systematic review and meta-analysis. Ann Intern Med. 2015;163(3):191-204.

5. Spielman AJ, Saskin P, Thorpy MJ. Treatment of chronic insomnia by restriction of time in bed.

Sleep. 1987;10(1):45-56.

6. Kyle SD, Morgan K, Spiegelhalder K, Espie CA. No pain, no gain: An exploratory within-subjects
mixed-methods evaluation of the patient experience of sleep restriction therapy (SRT) for insomnia.

Sleep Medicine. 2011;12(8):735-747.

7. Chakrabarti S. What's in a name? compliance, adherence and concordance in chronic psychiatric

disorders. World J Psychiatry. 2014;4(2):30-36.

8. Matthews EE, Arnedt JT, McCarthy MS, Cuddihy LJ, Aloia MS. Adherence to cognitive behavioral

therapy for insomnia: A systematic review. Sleep Med Rev. 2013;17(6):453-464.



9. Arem H, Lewin D, Cifu G, et al. A feasibility study of group-delivered behavioral interventions for
insomnia among breast cancer survivors: Comparing cognitive behavioral therapy for insomnia and a

mind-body intervention. J Altern Complement Med. 2019;25(8):840-844.

10. Matthews EE, Schmiege SJ, Cook PF, Berger AM, Aloia MS. Adherence to cognitive behavioral
therapy for insomnia (CBTI) among women following primary breast cancer treatment: A pilot study.

Behav Sleep Med. 2012;10(3):217-229.

11. Savard J, lvers H, Savard MH, Morin CM. Long-term effects of two formats of cognitive behavioral

therapy for insomnia comorbid with breast cancer. Sleep. 2016;39(4):813-823.

12. Tremblay V, Savard J, lvers H. Predictors of the effect of cognitive behavioral therapy for chronic

insomnia comorbid with breast cancer. J Consult Clin Psychol. 2009;77(4):742-750.

13. Chakravorty S, Morales KH, Arnedt JT, et al. Cognitive behavioral therapy for insomnia in alcohol-
dependent veterans: A randomized, controlled pilot study. Alcohol Clin Exp Res. 2019;43(6):1244-

1253.

14. Ludwin BM, Bamonti P, Mulligan EA. Program evaluation of group-based cognitive behavioral
therapy for insomnia: A focus on treatment adherence and outcomes in older adults with co-

morbidities. Clin Gerontol. 2018;41(5):487-497.

15. Randall C, Nowakowski S, Ellis JG. Managing acute insomnia in prison: Evaluation of a "one-shot"
cognitive behavioral therapy for insomnia (CBT-1) intervention. Behav Sleep Med. 2019;17(6):827-

836.

16. Absolon NA, Balneaves L, Truant TL, et al. A self-administered sleep intervention for patients with

cancer experiencing insomnia. Clin J Oncol Nurs. 2016;20(3):289-297.



17. Bernatchez MS, Savard J, Savard MH, Aubin M. Feasibility of a cognitive-behavioral and
environmental intervention for sleep-wake difficulties in community-dwelling cancer patients

receiving palliative care. Cancer Nurs. 2019;42(5):396-409.

18. Garland SN, Roscoe JA, Heckler CE, et al. Effects of armodafinil and cognitive behavior therapy
for insomnia on sleep continuity and daytime sleepiness in cancer survivors. Sleep Med. 2016;20:18-

24,

19. Kamen C, Garland SN, Heckler CE, et al. Social support, insomnia, and adherence to cognitive

behavioral therapy for insomnia after cancer treatment. Behav Sleep Med. 2019;17(1):70-80.

20. Blom K, Jernelov S, Lindefors N, Kaldo V. Facilitating and hindering factors in internet-delivered

treatment for insomnia and depression. Internet Interv. 2016;4:51-60.

21. Lee JY, Harvey AG. Memory for therapy in bipolar disorder and comorbid insomnia. J Consult Clin

Psychol. 2015;83(1):92-102.

22. Heenan A, Pipe A, Lemay K, Davidson JR, Tulloch H. Cognitive-behavioral therapy for insomnia
tailored to patients with cardiovascular disease: A pre-post study. Behav Sleep Med. 2020;18(3):372-

385.

23. Epstein DR, Babcock-Parziale JL, Herb CA, Goren K, Bushnell ML. Feasibility test of preference-

based insomnia treatment for iraq and afghanistan war veterans. Rehabil Nurs. 2013;38(3):120-132.

24. Buchanan DT, McCurry SM, Eilers K, Applin S, Williams ET, Voss JG. Brief behavioral treatment for

insomnia in persons living with HIV. Behav Sleep Med. 2018;16(3):244-258.

25. Smitherman TA, Walters AB, Davis RE, et al. Randomized controlled pilot trial of behavioral

insomnia treatment for chronic migraine with comorbid insomnia. Headache. 2016;56(2):276-291.



26. Seyedi Chegeni P, Gholami M, Azargoon A, Hossein Pour AH, Birjandi M, Norollahi H. The effect
of progressive muscle relaxation on the management of fatigue and quality of sleep in patients with
chronic obstructive pulmonary disease: A randomized controlled clinical trial. Complement Ther Clin

Pract. 2018;31:64-70.

27. American Psychiatric Association. Diagnostic and statistical manual of mental disorders. 5th

edition ed. Washington, D.C.: American Psychiatric Association; 2013.

28. American Academy of Sleep Medicine. International classification of sleep disorders, 3rd edition.

Darien, IL: American Academy of Sleep Medicine; 2014.

29. Edinger JD, Bonnet MH, Bootzin RR, et al. Derivation of research diagnostic criteria for insomnia:

Report of an american academy of sleep medicine work group. Sleep. 2004;27(8):1567-1596.

30. Ruiter Petrov ME, Lichstein KL, Huisingh CE, Bradley LA. Predictors of adherence to a brief

behavioral insomnia intervention: Daily process analysis. Behav Ther. 2014;45(3):430-442.

31. Ebert DD, Berking M, Thiart H, et al. Restoring depleted resources: Efficacy and mechanisms of
change of an internet-based unguided recovery training for better sleep and psychological

detachment from work. Health Psychol. 2015;34S:1240-1251.

32. Tamura N, Tanaka H. Effects of sleep management with self-help treatment for the japanese

elderly with chronic insomnia: A quasi-experimental study. J Behav Med. 2017;40(4):659-668.

33. Bouchard S, Bastien C, Morin CM. Self-efficacy and adherence to cognitive-behavioral treatment

of insomnia. Behav Sleep Med. 2003;1(4):187-199.

34. Riedel BW, Lichstein KL. Strategies for evaluating adherence to sleep restriction treatment for

insomnia. Behav Res Ther. 2001;39(2):201-212.



35. Sidani S, Epstein DR, Fox M. Psychometric evaluation of a multi-dimensional measure of

satisfaction with behavioral interventions. Res Nurs Health. 2017;40(5):459-469.

36. Ho FY, Chung KF, Yeung WF, Ng TH, Cheng SK. Weekly brief phone support in self-help cognitive
behavioral therapy for insomnia disorder: Relevance to adherence and efficacy. Behav Res Ther.

2014;63:147-156.

37. Epstein DR, Sidani S, Bootzin RR, Belyea MJ. Dismantling multicomponent behavioral treatment

for insomnia in older adults: A randomized controlled trial. Sleep. 2012;35(6):797-805.

38. Lovato N, Lack L, Wright H, Kennaway DJ. Predictors of improvement in subjective sleep quality
reported by older adults following group-based cognitive behavior therapy for sleep maintenance

and early morning awakening insomnia. Sleep Med. 2013;14(9):888-893.

39. McCrae CS, Curtis AF, Williams JM, et al. Efficacy of brief behavioral treatment for insomnia in

older adults: Examination of sleep, mood, and cognitive outcomes. Sleep Med. 2018;51:153-166.

40. Vincent N, Lewycky S, Finnegan H. Barriers to engagement in sleep restriction and stimulus

control in chronic insomnia. J Consult Clin Psychol. 2008;76(5):820-828.

41. Vincent N, Lewycky S. Logging on for better sleep: RCT of the effectiveness of online treatment

for insomnia. Sleep. 2009;32(6):807-815.

42. Dolsen MR, Soehner AM, Morin CM, Belanger L, Walker M, Harvey AG. Sleep the night before
and after a treatment session: A critical ingredient for treatment adherence? J Consult Clin Psychol.

2017;85(6):647-652.

43. Miller CB, Kyle SD, Gordon CJ, et al. Physiological markers of arousal change with psychological

treatment for insomnia: A preliminary investigation. PLoS One. 2015;10(12):e0145317.



44. Chambers MJ, Alexander SD. Assessment and prediction of outcome for a brief behavioral

insomnia treatment program. J Behav Ther Exp Psychiatry. 1992;23(4):289-297.

45. Horsch C, Spruit S, Lancee J, et al. Reminders make people adhere better to a self-help sleep

intervention. Health Technol (Berl). 2017;7(2):173-188.

46. Dong L, Soehner AM, Belanger L, Morin CM, Harvey AG. Treatment agreement, adherence, and

outcome in cognitive behavioral treatments for insomnia. J Consult Clin Psychol. 2018;86(3):294-299.

47. Miller CB, Kyle SD, Marshall NS, Espie CA. Ecological momentary assessment of daytime
symptoms during sleep restriction therapy for insomnia. Journal of Sleep Research. 2013;22(3):266-

272.

48. Cvengros JA, Crawford MR, Manber R, Ong JC. The relationship between beliefs about sleep and

adherence to behavioral treatment combined with meditation for insomnia. Behav Sleep Med. 2013.

49. Perlis ML, Smith MT, Orff H, et al. The effects of modafinil and cognitive behavior therapy on

sleep continuity in patients with primary insomnia. Sleep. 2004;27(4):715-725.

50. Holmqvist M, Vincent N, Walsh K. Web- vs. telehealth-based delivery of cognitive behavioral

therapy for insomnia: A randomized controlled trial. Sleep Med. 2014;15(2):187-195.

51. Koffel E, Kuhn E, Petsoulis N, et al. A randomized controlled pilot study of CBT-I coach: Feasibility,
acceptability, and potential impact of a mobile phone application for patients in cognitive behavioral

therapy for insomnia. Health Informatics J. 2018;24(1):3-13.

52. Birling Y, Wang J, Li G, et al. Culturally adapted CBTI for chinese insomnia patients: A one-arm

pilot trial. Int J Behav Med. 2018;25(3):331-340.



53. Kaldo V, Jernelov S, Blom K, et al. Guided internet cognitive behavioral therapy for insomnia

compared to a control treatment - A randomized trial. Behav Res Ther. 2015;71:90-100.

54. Boullin P, Ellwood C, Ellis JG. Group vs. individual treatment for acute insomnia: A pilot study

evaluating a "one-shot" treatment strategy. Brain Sci. 2016;7(1):10.3390/brainsci7010001.

55. Ellis JG, Cushing T, Germain A. Treating acute insomnia: A randomized controlled trial of a

"single-shot" of cognitive behavioral therapy for insomnia. Sleep. 2015;38(6):971-978.

56. Horsch CH, Lancee J, Griffioen-Both F, et al. Mobile phone-delivered cognitive behavioral therapy

for insomnia: A randomized waitlist controlled trial. / Med Internet Res. 2017;19(4):e70.

57. Hebert EA, Vincent N, Lewycky S, Walsh K. Attrition and adherence in the online treatment of

chronic insomnia. Behav Sleep Med. 2010;8(3):141-150.

58. Manber R, Bernert RA, Suh S, Nowakowski S, Siebern AT, Ong JC. CBT for insomnia in patients
with high and low depressive symptom severity: Adherence and clinical outcomes. Journal of Clinical

Sleep Medicine. 2011;7(6):645-652.

59. Edinger JD, Olsen MK, Stechuchak KM, et al. Cognitive behavioral therapy for patients with
primary insomnia or insomnia associated predominantly with mixed psychiatric disorders: A

randomized clinical trial. Sleep. 2009;32(4):499-510.

60. Sidani S, Bootzin RR, Epstein DR, Miranda J, Cousins J. Method of treatment allocation: Does it

affect adherence to behavioural therapy for insomnia? Can J Nurs Res. 2015;47(1):35-52.

61. Taylor DJ, Zimmerman MR, Gardner CE, et al. A pilot randomized controlled trial of the effects of
cognitive-behavioral therapy for insomnia on sleep and daytime functioning in college students.

Behav Ther. 2014;45(3):376-389.



62. Cui R, Fiske A. Predictors of treatment attendance and adherence to treatment
recommendations among individuals receiving cognitive behavioral therapy for insomnia. Cogn

Behav Ther. 2020;49(2):113-119.

63. Vincent NK, Hameed H. Relation between adherence and outcome in the group treatment of

insomnia. Behavioral Sleep Medicine. 2003;1(3):125-139.

64. Trockel M, Karlin BE, Taylor CB, Manber R. Cognitive behavioral therapy for insomnia with
veterans: Evaluation of effectiveness and correlates of treatment outcomes. Behav Res Ther.

2014;53:41-46.

65. Manber R, Carney C, Edinger J, et al. Dissemination of CBTI to the non-sleep specialist: Protocol

development and training issues. J Clin Sleep Med. 2012;8(2):209-218.

66. Lichstein KL, Riedel BW, Grieve R. Fair tests of clinical trials: A treatment implementation

model, . Advances in Behaviour Research and Therapy. 1994;16(1):1-29.

67. Manber R, Edinger JD, Gress JL, San Pedro-Salcedo MG, Kuo TF, Kalista T. Cognitive behavioral
therapy for insomnia enhances depression outcome in patients with comorbid major depressive

disorder and insomnia. Sleep. 2008;31(4):489-495.

68. Crawford MR, Vallieres A. The dark side of adherence-a commentary on palm et al.(2018) factors
influencing adherence to continuous positive airway pressure treatment in obstructive sleep apnea
and mortality associated with treatment failure-A national registry-based cohort study. . Sleep Med.

2019;51(85-91).

69. Carney CE, Lajos LE, Waters WF. Wrist actigraph versus self-report in normal sleepers: Sleep

schedule adherence and self-report validity. Behav Sleep Med. 2004;2(3):134-43; discussion 144-7.



70. Ellis JG, Cushing T, Germain A. Treating acute insomnia: A randomized controlled trial of a

"single-shot" of cognitive behavioral therapy for insomnia. Sleep. 2015;38(6):971-978.

71. Miller CB, Kyle SD, Marshall NS, Espie CA. Ecological momentary assessment of daytime

symptoms during sleep restriction therapy for insomnia. Journal of Sleep Research. 2013.

72. Miller CB, Kyle SD, Marshall NS, Espie CA. Ecological momentary assessment of daytime
symptoms during sleep restriction therapy for insomnia. Journal of Sleep Research. 2013;22(3):266-

272.



