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Abstract

Study Objectives: Insomnia disorder, affecting 10% of the population, poses a significant public health concern and is a risk-factor
for many health issues. Cognitive behavioral therapy is first-choice treatment, but the key component—sleep restriction therapy—
presents with side effects and adherence challenges. Sleep compression therapy, suggested as a potentially gentler alternative, has
never been directly compared to sleep restriction therapy.

Methods: Single-blind trial at the Internet Psychiatry Clinic in Stockholm, Sweden. Patients with insomnia disorder were randomized
1:1 to evaluate non-inferiority of sleep compression therapy to sleep restriction therapy in improving insomnia and to compare
important clinical aspects. Primary outcome: self-reported Insomnia Severity Index (ISI), assessed pretreatment, weeks 1-5, and week
10. Non-inferiority analysis based on intent-to-treat analyses with multiple imputation and mixed effects models.

Results: Adults with insomnia (n = 234; mean age 44.3 [SD = 13.7] years, 173 [73.4%] female) received treatment as a 10-week highly
structured, therapist-guided online program, to strengthen experimental integrity and treatment fidelity. Both treatments improved
insomnia severity with large effects. Sleep compression therapy failed to show non-inferiority with a conservative limit of 1.6 ISI-
points (95% CI: -0.01, 1.70), gave statistically significantly smaller improvements (p = .006), and was associated with slower improve-
ments despite better adherence and somewhat less side effects.

Conclusions: This direct comparison and well-controlled trial provides empirically based support for clinicians to prioritize sleep
restriction therapy over sleep compression therapy, while the latter can be a valid alternative when sleep restriction therapy cannot
be used.

Clinical Trial: CompRest—a Comparison Between Sleep Compression and Sleep Restriction for Treating Insomnia. URL: https://clini-
caltrials.gov/study/NCT02743338?term=NCT02743338&rank=1

Registration: NCT02743338.
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Graphical Abstract

Is sleep compression therapy non-inferior to sleep restriction therapy? A single blind randomized controlled non-

inferiority trial comparing sleep compression therapy to sleep restriction therapy as treatment for insomnia

METHODS

Soa =

- ®

234 participants with insomnia

+  Moderate insomnia severity (mean ISI
19.49+3.65)

+  Middle aged (44.3+13.7 years)

+  Predominantly female (73.4% females)

Ak BLEOC

Single blind, randomized trial 5+5 weeks of online treatment, either  Primary outcome: Insomnia
« Sleep compression therapy (n=117) severity index
or
+ Sleep restriction therapy (n=117)

Secondary outcomes:
adherence, side effects, sleep
diary data, actigraphy

RESULTS

Non-inferiority margin Sleep compression therapy failed

to show non-inferiority with a
conservative limit of 1.6 ISI-points

Week 10 (CI-95% -0.04 - 1.73)

-1 0 1 2 3
Favors sleep restriction

Better adherence in sleep compression therapy

Less side effects in sleep compression therapy early in treatment
Sleep restriction therapy associated with faster change in sleep
diary-assessed sleep variables

No differences in sleep variables at the end of treatment

CONCLUSIONS: Sleep restriction therapy should be prioritized over sleep compression therapy, while the latter can be a valid alternative when

sleep restriction therapy cannot be used.

Statement of Significance

the former.

This study directly compares sleep compression therapy and sleep restriction therapy for the treatment of insomnia, addressing
a critical gap in research. Sleep restriction therapy, though highly effective, is associated with side effects and adherence chal-
lenges, leading to the exploration of sleep compression as a gentler alternative. In a large, rigorously controlled trial, both therapies
improved insomnia, but sleep compression was less effective than sleep restriction in treating insomnia. However, sleep compres-
sion was associated with better adherence and fewer side effects. These findings provide clear guidance for clinicians to prioritize
sleep restriction therapy, while also recognizing that sleep compression may serve as a viable option for patients unable to tolerate

Insomnia disorder affects approximately 10% of the adult
population and is characterized by difficulty initiating sleep,
maintaining sleep, or waking to early during nighttime, in com-
bination with functional impairment and daytime distress [1].
It is associated with decreased quality of life and increased risk
for depression, anxiety, and substance misuse [2, 3] and has
been associated with a range of health conditions [4]. Cognitive
behavioral therapy for insomnia (CBT-I) is recommended as first-
choice treatment by expert guidelines [5], before pharmacologi-
cal treatment.

A key component of CBT-I is sleep restriction therapy [6]. It
involves systematically regularizing and restricting time in bed to
consolidate and stabilize sleep. Sleep restriction therapy is effec-
tive in alleviating insomnia symptoms, both as standalone inter-
vention [7] and as part of CBT-I [8].

However, critical limitations have been observed. First, side
effects are common during treatment, particularly daytime con-
sequences such as fatigue, exhaustion, extreme sleepiness, and
reduced motivation and energy [9], as well as deteriorations in
attention and reaction time [10]. These are probably related to the
abrupt shortening of total sleep time that normally occurs dur-
ing the initial phase of treatment. Second, patients often describe

adherence difficulties, e.g. in relation to family life and having
to avoid driving during periods of extreme sleepiness [9]. Third,
there is evidence suggesting that sleep restriction therapy might
be the least palatable treatment component in CBT-I [11]. Due to
these issues, sleep restriction therapy is sometimes avoided by
therapists, and commonly adapted for vulnerable patients, e.g.
psychiatric patients [12, 13], and certain occupational groups, e.g.
truck drivers [14].

An alternative to sleep restriction therapy is sleep compres-
sion therapy [15] which also regularizes and restricts time in bed,
but in a more stepwise manner. This is expected to be a gentler
procedure with fewer side effects that could increase adherence
and patient satisfaction and be applied to all insomnia patients.

However, research on sleep compression therapy is scarce, and
we have identified only three studies [16-18]. They suggest that
sleep compression therapy does have a positive effect on sleep
and insomnia symptoms, but speed of improvement and size of
effects are unclear. Side effects have not been investigated, and
it is thus unclear if sleep compression therapy truly is “gentler”
than sleep restriction therapy. None of these trials made a direct
comparison with the gold standard treatment, sleep restriction
therapy.
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Taken together, sleep restriction therapy is well-established to
alleviate insomnia and improve sleep in patients with insomnia,
and sleep compression therapy has the potential to achieve the
same results while reducing side effects. It might therefore be
the preferred choice. However, head-to-head comparison to sleep
restriction therapy are lacking. To help clinicians choose the best
treatment for their patients, the aim of the current paper was
to evaluate if sleep compression therapy is non-inferior to sleep
restriction therapy.

Our hypotheses are that after 10 weeks, sleep compression
therapy will be non-inferior to sleep restriction therapy regarding
the effect on insomnia severity, while showing superiority regard-
ing tolerability (less side effects), adherence, treatment satisfac-
tion, and daytime functioning. In line with the theoretical change
processes in each treatment, sleep restriction therapy should
show a faster improvement in insomnia severity and induce a
faster rise in sleep pressure (subjective sleepiness at bedtime),
sleep efficiency, and subjective sleep quality as well as a faster
decrease of total sleep time. However, these differences should
not remain after 10 weeks.

Methods
Study design

This study is a single-blind randomized (1:1) controlled non-
inferiority trial comparing sleep compression therapy (COMP) to
the reference treatment sleep restriction therapy (REST), includ-
ing 234 participants between April 2016 and February 2019 and
conducted at the Internet Psychiatry Clinic in Stockholm, Sweden.
The overall CompRest study was preregistered at clinicaltrials.
gov (NCT02743338), and at the Regional Ethical Review Board in
Stockholm, and received ethical approval before the study started
(Dnr 2016/44-31/4). Written informed consent was obtained from
all participants. Reports from assessments with polysomnogra-
phy of a subgroup of participants have been published elsewhere
[19, 20].

Participants and recruitment

The study welcomed adults in Sweden, recruited through the
homepage of the Internet Psychiatry Clinic, Psychiatry Southwest,
Region Stockholm. Participants were screened for eligibility
through online questionnaires and therapist interview by tele-
phone. Inclusion criteria were: 18 years or older, > 10 points on
the Insomnia Severity Index (ISI) [21], fulfilling diagnostic criteria
for chronic insomnia according to DSM-5 [22], ability to read and
write in Swedish, being able to answer questionnaires online and
to have no practical hindrance to participate.

Exclusions were primarily limited to conditions that might
make internet-delivered treatment or sleep restriction therapy
unsuitable: sleep disorders requiring other treatment (untreated
sleep apnea or narcolepsy); major depressive disorder; >30 p on
the Montgomery-Asberg Depression Rating Scale Self-rated ver-
sion [23]; ongoing self-harm or high risk for suicidal behavior;
comorbid disorders contraindicative of sleep deprivation (e.g.,
bipolar disorder); ongoing alcohol or drug abuse; use of med-
ications with sleep-related side effects; night-shift work; previ-
ous experience with sleep restriction therapy, sleep compression
therapy, or similar methods; unwilling to keep sleep medication
stable (or stop using) during treatment; not completing the pre-
treatment assessment on time. The use of antidepressants was
allowed if they did not affect sleep, and the use of sleep medica-
tion was not an exclusion criterion.
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Randomization and blinding

Randomization and assignment to interventions were conducted
by individuals not involved in the study, in cohorts ranging in size
from 3 to 43 with a 1:1 allocation ratio, utilizing an online service
(www.random.org/lists/). Participants, who self-reported the pri-
mary outcome, were blinded to their assigned treatment. They
were only briefly informed beforehand that the two treatments
they would be randomized between differed in that one had a
slightly faster pace than the other, and that both were expected to
yield similar results after 10 weeks. No information was provided
regarding whether the treatment they had received was the one
with the faster pace or not.

Procedure

After screening, eligible participants were invited to pretreatment
assessments. They logged their sleep and daytime functioning
in an online sleep diary for a minimum of 7 days, filled out pre-
treatment assessments online, and wore an actigraph during
pretreatment assessment and treatment. Participants were then
randomly assigned to start either COMP or REST.

During the treatment period, participants continued to log
their sleep and daytime functioning in sleep diaries and to wear
the actigraphs. The ISI was filled out weekly during the first 5
weeks, and then again at week 10. Both patients and therapists
rated patient adherence to the assigned method nightly for the
first 5 weeks of treatment and therapists registered the current
sleep window and time in bed for each participant during the
same period.

Interventions

To ensure unbiased comparability and fidelity in the delivery
of each treatment where all things should be equal except the
sleep window-algorithm described below, both interventions
were administrated via an online treatment platform. The refer-
ence treatment REST was delivered as per standard procedures
[7]. Both treatments consisted of eight modules with written
materials delivered over 10 weeks. The modules were identical
except for the instructions for the sleep window-algorithm. The
first 5 weeks were a more intense treatment phase with six mod-
ules and active therapist-support via written messages. In the
following 5 weeks, patients continued working on their own with
the allocated treatment. At week 10, therapists and patients
communicated again to address any concerns or difficulties and
plan for the future (detailed description in the TIDieR-checklist,
Table S1, Appendix, p. 4).

Sleep compression and sleep restriction were both introduced
in Module 2, which was opened in the middle of week 1 if the
patient worked according to plan, and in Module 3, i.e. week 2
in treatment, patients were expected to start using their initial
individual sleep window. Sleep restriction or sleep compression
continued throughout the course of the 10-week treatment and
this was the only sleep-related treatment component. Weekly
revisions were performed until an optimal balance between sleep
efficiency and sleep duration was achieved. This was operation-
alized as no changes to the sleep window for several weeks with
SE falling between 85% and 90%, and the patient not experienc-
ing bothersome daytime sleepiness, or was satisfled with their
sleep, which sometimes required a higher (or even a lower) sleep
efficiency.

At the end of treatment, as part of relapse prevention, patients
made plans for the future, which could include continued revi-
sions of the sleep window according to the instructions.

G20z 1sNBny Gz uo 1senB Aq 989601 8/E604ESZ/8/8Y/2I01ME/d03]S/ W09 dNO"dlWapED.//:SANY WOy PAPEOjuMOQ


www.random.org/lists/
http://academic.oup.com/sleep/article-lookup/doi/10.1093/sleep/zsaf093#supplementary-data
http://academic.oup.com/sleep/article-lookup/doi/10.1093/sleep/zsaf093#supplementary-data

4 | SLEEPJ, 2025, Vol. 48, No. 8

The treatment was entirely focused on sleep restriction or
sleep compression, excluding all other sleep-specific compo-
nents of CBT-I (e.g., stimulus control, relaxation), but contained
components to enhance problem solving and motivation (e.g. a
decisional balance work sheet) and ability to engage in the active
sleep component. Eligible therapists have licensed psychologists
and clinical psychology students in their final (fifth) year, or in
the first year of clinical training post-MSc. All therapists received
training in and delivered both treatments according to therapist
manuals. They were supervised by a licensed psychologist with
expertise in CBT-I (AR, SJ or EF), who monitored treatment fidelity
through supervision meetings, and by reviewing therapist mes-
sages and providing feedback when needed. Therapist messages
consisted primarily of validation and encouragement to con-
tinue working with REST/COMP, problem solving, and support to
carry out the treatment (e.g., how to calculate or adjust the sleep
window).

Specific instructions for sleep compression therapy (COMP)
The length of the initial sleep window was equal to the average
total time in bed recorded in the sleep diary during a minimum of
10 nights, minus one-fifth of the average wake-time in bed recorded
during the same period. In the following weeks, if average sleep
efficiency (sleep time/time in bed) for the previous week was lower
than 85%, the sleep window was shortened by one-fifth of the aver-
age time awake during the sleep window for the same period.

Specific instructions for sleep restriction therapy (REST)

The length of the initial sleep window was equal to the average
total sleep time recorded in the sleep diary during a minimum
of 10 nights. Please note that no minimum (or maximum) length
of the sleep window was stipulated, as we wanted to ensure that
the two methods would result in different initial sleep windows
also for individuals with short sleep durations. This means that
a participant who reported a very short average total sleep time
(e.g., 3h), would start with a very short sleep window (e.g., 3 h).
In the following weeks, if sleep efficiency was less than 85% the
sleep window was shortened by 15 min.

Common instructions for COMP and REST

If sleep efficiency was between 85 and 90%, the sleep window
remained the same as the previous week. If sleep efficiency was
90% or higher, the sleep window was extended by going to bed
15 min earlier. The 90% limit was chosen from the original instruc-
tions for sleep restriction [6]. A regular rise-time was set to fit the
patient’s daily life (e.g. work-schedule and preferences). The rise-
time was to be kept constant during the course of treatment and
any changes to the length of the sleep window were done through
adjusting the bedtime. However, if the patient’s circumstances
changed (e.g., the patient had a new work-schedule that required
them to be at work earlier than anticipated), a new rise-time could
be decided upon and was then to be kept constant. Patients were
encouraged not to take naps, or if necessary, to take a nap at the
same time each day, before 15:00 and for a duration of no more
than 15 min. Nap time was not included in the sleep diary-based
calculation of sleep efficiency and sleep window.

Measures

Patient background information, treatment expectations,
and therapist activity

Background data included age, sex, education, economic situa-
tion, occupation, medication use, depression symptoms assessed

with the Montgomery-Asberg Depression Rating Scale Self-rated
version [23], and alcohol use with the Alcohol Use Disorder
Identification Test [24]. The treatment credibility questionnaire
(TSQ) [25] was used to gauge treatment expectations. The treat-
ment platform logged number of messages sent from therapists
to patients and therapist time logged in to the platform which
were used to evaluate the therapists’ activity.

Insomnia severity—primary outcome and non-inferiority
limit

Insomnia severity was the primary outcome and was meas-
ured with the ISI, a patient-reported, seven-item scale ranging
from 0 (no symptoms) to 28 (most severe insomnia) and com-
monly used in evaluations of the reference treatment. The ISI
has adequate psychometric properties and is sensitive to change
[21]. Assessments with the ISI were performed at pretreatment,
weekly during weeks 1-5 and at week 10.

Difference between the groups was used to test non-inferiority
between the two treatments at weeks 5 and 10.

At the outset of the study, we selected a non-inferiority margin
of 4 points, based on previous studies. However, upon closer exam-
ination, this corresponds to a relatively large effect size (medium
to large according to Cohen’s d), prompting us to reconsider its
appropriateness. As the study progressed, it became increasingly
evident that non-inferiority margins should be more conserva-
tive, and the field evolved in this direction. Recently, Kyle et al. [26]
found that sleep restriction therapy compared to sleep hygiene
gave a mean difference in the ISI of 3.88 points (95% CI: 3.10, 4.66).
Using the initial 4-point limit as a non-inferiority margin would
have meant to risk of concluding non-inferiority even if the effect
of sleep compression therapy were similar to that of placebo.
Instead, based on recommendations from Althunian et al. [27],
we decided to derive the effect of sleep restriction therapy com-
pared to control treatment from a meta-analysis on sleep restric-
tion therapy [7], which was found to be within the 95% confidence
interval of 3.2-5.3 (M = 4.2 points). Since we wanted to ensure that
sleep compression preserved a 50% fraction of this effect, using
the fixed-margin method, the non-inferiority threshold was set
to 50% of 3.2, the lower margin of the confidence interval, equal-
ing 1.6 points on the ISI. In the light of COMP demanding simi-
lar amounts of time and resources, and that any advantages of
COMP are still largely unproven, we argue that it is wise to choose
a conservative limit when comparing COMP to REST in the pres-
ent context. The revision of the non-inferiority limit was made
after data collection was ended but before analyzing the data.

Ratings of side effects, treatment satisfaction, adherence,
and daytime dysfunction

Side effects were assessed at weeks 2, 4, and 5 using the side
effects-checklist developed by Kyle and colleagues [9], with
ratings of the presence (0 [NoJ/1 [Yes]) and impact on daytime
function (0 [not at all] to 4 [very much]) of 12 different symp-
toms associated with sleep restriction therapy, such as fatigue,
excessive sleepiness, and trouble concentrating. A total score,
ranging from 0 to 48 points, was calculated based on the presence
and impact ratings for all symptoms. A score of O corresponded
to either not experiencing the symptom or rating its impact as
0. The questionnaire was followed by an open-ended question
about other side effects that participants might have experienced
(“If any side-effects you have experienced are missing from the
list above, please describe them here”). The answers were used
to collect data on serious adverse events such as life-threatening
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events, hospitalization, persistent or significant disability or inca-
pacity or any other event that may require medical intervention
to prevent these outcomes. We did not conduct a structured
assessment to verify whether the reported symptoms or events
were directly related to the treatment.

Treatment satisfaction was assessed at weeks 5 and 10 in two
ways: (1) with the Client Satisfaction Questionnaire (CSQ-8) [28],
eight items rated on a scale from 1 to 4 per item, maximum total
score 32, with higher scores indicating a higher degree of treat-
ment satisfaction, and (2) with the questions: “To what extent
have you been able to utilize the treatment so far?” and “How
much benefit have you had from the treatment so far?” rated
from 1 (not at all) to 4 (to a very high extent/great benefit), and
“How labor-intensive and extensive has the treatment been so
far?” rated from 1 (very extensive) to 5 (not at all extensive), and
“Has the treatment been worth the effort so far?” rated from 1 (no,
absolutely not) via 3 (yes, but only barely) to 5 (yes, absolutely).

Treatment adherence was assessed in three ways: (1)
Participants’ self-rating of adherence to the assigned treatment
method as “According to method” or “Not according to method,”
noted in the sleep diary; (2) Therapists’ ratings of participants’
adherence as “According to method” or “Not according to
method”; (3) Deviation from the current sleep window, monitored
from the establishment of the first sleep window to the conclu-
sion of week 5, and calculated as minutes difference between
the prescribed sleep window and the recorded time in bed in the
sleep diaries. Details on the adherence measures can be found in
the Appendix, p. 6.

Daytime dysfunction was measured with eight symptoms from
the Daytime Insomnia Symptoms Scale [29], recorded in a day-
time log. Each symptom was rated on a scale from 0 (not at all) to
5 (very much), positive symptoms were inverted such that lower
scores indicated better functioning, and scores were summed to
create a total score ranging from 0 to 40 points (lower = better).

Sleep data

Details on sleep diaries and actigraphs are in Appendix, p. 7. Total
sleep time and sleep efficiency, sleep onset latency, wake after
sleep onset, number of awakenings, and time in bed were derived
from sleep diaries and actigraphy recordings, and the diary also
included ratings of sleep pressure/sleepiness and sleep quality.
Sleep parameters were used as both outcomes and indirect meas-
ures of adherence and fidelity by evaluating if they aligned with
expected change patterns for each treatment.

Statistical analyses and power calculation

Intent-to-treat analyses were applied throughout the study and
data was used from all participants providing at least one out-
come measure (n =234). The primary outcome measure was the
ISI, and the primary analysis regarding non-inferiority at week 10
was used to calculate power.

The original power analysis was based on a non-inferiority
margin of 4 points on the ISI, an expected standard deviation of 6
points, an alpha level of 5%, 90% power, and a 15% expected drop-
out rate. Considering the research questions for the second part
of this study (not included in this report), which involved addi-
tional treatments and comparisons across four groups, we aimed
for a target of at least 180 participants. However, as explained
above, we decided on a more conservative non-inferiority limit
of 1.6 points [30]. Updated power calculations based on this limit,
an expected standard deviation on the ISI of 4.2 points [21] and
20% attrition, show that 215 participants provide 80% power to
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determine if the lower limit of a 95% confidence interval is above
the limit, indicating non-inferiority. Power calculation was done
using an online service (https://www.sealedenvelope.com/power/
continuous-noninferior, 2016). We therefore aimed to include at
least 215 patients, with an upper limit of 250 if study resources
allowed.

Multiple imputations and mixed effects models were com-
puted, and the 95% confidence intervals (CI) for the estimated
mean differences of ISI at weeks 5 and 10 were used to test
non-inferiority. Non-inferiority results were visualized using base
R, and non-inferiority at each time-point was concluded if the
CIL:s did not cross the predefined limit.

A secondary test for ISI tested if any group showed superior-
ity regarding change in insomnia from pretreatment to week 10,
by evaluating the time”2*group interaction in the mixed effects
model for ISI.

To explore potential differences between the two conditions,
chi-square tests (treatment satisfaction and adherence rated by
participants and therapist), linear regression with the group as
a covariate (side effects), or between-group t-tests (treatment
credibility and adherence to the prescribed sleep window) were
conducted.

Outcomes from sleep diaries, actigraphy and daytime logs
were assessed using mixed-effect models with the same type of
predictors as for ISI, but random slopes were not included due
to convergence failure. The variance-covariance structure was
set to unstructured. For the last day of treatment, 95% CI for the
mean estimated values for REST and COMP and mean difference
between the two groups were calculated.

To determine differences in change trajectories, both interac-
tion tests (i.e. time*group and time”2*group) were examined.

For further details on statistical analyses, see Appendix, p. 8.

Results

As shown in Figure 1, a total of 234 participants were enrolled
and randomized, with 117 allocated to REST and 117 to COMP.
Only 7 participants (5.9%) in REST and 6 (5.1%) in COMP discon-
tinued the intervention, all agreed to continue assessments and
were included in the analyses. The sample primarily comprised
women in their middle age experiencing sleep problems for more
than 10 years, with an average ISI-score indicative of moderate
severity (Table 1).

There were no statistically significant differences in Treatment
credibility, number of messages sent from therapists to patients,
or therapist time logged in to the treatment platform (details in
Appendix, p. 9).

Attrition rates varied between 4.6% (primary outcome) and
45.2% (actigraphy), details in Appendix Table S2, p. 8.

For insomnia severity, as shown in Figure 2, both treatments
yielded gradual improvements across the treatment period, with
large within-group effect sizes (Cohen’s d [95% CIJ; pre to week 5:
REST = 2.04 [1.72, 2.35], COMP = 1.54 [1.25, 1.83]; pre to week 10:
REST = 2.37 [2.02, 2.69], COMP = 2.14 [1.81, 2.45]), and small differ-
ences and overlapping confidence intervals between the groups,
but with a faster improvement and stable advantage for REST
compared to COMP, and a statistically significantly larger overall
improvement in REST (p = .006; Appendix Tables S3 and S4, p. 10).

At week 5, COMP showed an estimated average ISI-score of
1.51 (95% CI: 0.75, 2.27) points higher compared to REST. At week
10, this difference had decreased to 0.84 (95% CI: -0.04, 1.73).
Figure 3 illustrates that the differences in ISI-scores between the
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Interviewed for eligibility (n=544) Reason for exclusion:

¢ Declined to participate n="53
¢ Other sleep treatment n=53

Excluded (n=305)
Enrollment

v

# Not meeting basic requirements n= 47
+ No insomnia diagnosis n=30
# Psychiatric comorbidities n=29

Initially included (n=239) ¢ Otherillness n=28
4 Substance use n=8

4 Other n=57
[ Pre-measurement ]
Did not complete pre-
measurement (n=5) < !
Randomized (n=234)
v [ Allocation ] v
J
Allocated to sleep restriction (n=117) Allocated to sleep compression (n=117)
+ Received intervention (n=117) + Received intervention (n=117)
- v
Discontinued intervention (n=5) Discontinued intervention (n=5)
¢ Too demanding (2) + Too demanding (2)
+ Dissatisfaction with therapist (1) + Lack of time (1)
+ Better sleep (1) + External circumstances (1)
+ Stated no reason (1) + Stated no reason (1)

l [ Week 5 (mid) } l

Lost to week 5 assessment (n=7) | | Lost to week 5 assessment (n=6)
Discontinued intervention (n=2) Discontinued intervention (n=1)

+ Too demanding (1)

+ External circumstances (1)
+ Stated no reason (1)

l [ Week 10 (post) J l

Lost to week 10 assessment (n=14) Lost to week 10 assessment (n=12)
[ Analysis J v

Analyzed (n=117) Analyzed (n=117)

+ Excluded from analysis (n=0) + Excluded from analysis (n=0)

Figure 1. CONSORT Study flow chart.

groups did not fall within the non-inferiority margin at week 5, REST was associated with a somewhat larger burden of side
and at week 10 the results are inconclusive. The effect sizes of effects and the difference was statistically significant at week 2,
the difference between COMP and REST were almost medium at but not at week 4 or week 5, (see Table 2, and Appendix Table S5,
week 5 (Cohen'’s d = 0.45) and small at week 10 (Cohen'’s d = 0.22). p. 10 for details). The three most common side effects reported
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COMP REST
N 117 117
Age, m (sd) 42.89 (13.61) 45.68 (13.74)
Female, n (%) 87 (74.4) 86 (73.5)
Marital status, n (%)
In a relationship 87 (74.4) 87 (74.4)
Divorced/widow (er) 7 (6.0) 8 (6.8)
Single 22 (18.8) 21(17.9)
Other 1(0.9) 1(0.9)
Education, n (%)
Elementary school 3(2.6) 1(0.9)
Upper secondary school 29 (24.8) 26 (22.2)
College/university 80 (68.4) 82 (70.1)
Other 5(4.3) 8(6.8)
Occupation, n (%)
Working 101 (86.3) 97 (82.9)
Sick leave 5(4.3) 6(5.1)
Unemployed 4(3.4) 7 (6.0)
Retired 11 (9.4) 11 (9.4)
Housewife 3(2.6) 0 (0.0
Parental leave 2 (1.7) 2(1.7)
Other occupation 3(2.6) 7 (6.0)
Employment rate, n (%)
100% 83 (70.9) 76 (65.0)
75% 9(7.7) 9(7.7)
50% 8(6.8) 11 (9.4)
25% 6(5.1) 6(5.1)
0% 11 (9.4) 15 (12.8)
Years with sleep problems, m (sd) 11.4 (10.9) 12.8 (11.7)
Sleep medication, n (%) 52 (44.4) 51 (43.6)
DUDIT, m (sd) 0.20 (0.92) 0.36 (1.82)
AUDIT, m (sd) 3.76 (3.64) 3.51 (3.01)
MADRS, m (sd) 14.76 (6.27) 15.10 (6.68)
GAD7, m (sd) 5.85 (4.08) 6.32 (4.43)
Sleep50 Apnea, m (sd) 12.29 (2.35) 12.45 (2.70)
Sleep50 Narcolepsy, m (sd) 6.31 (1.34) 6.11 (1.35)
SleepSO0 Sleep rhythm, m (sd) 4.79 (1.53) 4.70 (1.72)
ISI, m (sd) 19.55 (3.56) 19.43 (3.76)

Note: COMP = Sleep compression therapy; REST = sleep restriction therapy; DUDIT = Drug Use Disorders Identification Test; AUDIT = Alcohol Use Disorders
Identification Test; MADRS = Montgomery-Asberg Depression Rating Scale; GAD7 = Generalized Anxiety Disorder 7-item scale; ISI = Insomnia Severity Index;

m =mean, sd = standard deviation; n = number.

at all time points in both treatment groups were “Tired/fatigue”
“Sleepiness,” and “Lack of motivation” (Appendix Table S6, p. 11
for details). Two participants in the REST group reported serious
adverse events during the treatment period. One participant
was involved in a minor car accident, and another participant
reported experiencing blurred vision for which medical attention
was sought. Both participants continued with the treatment and
did not experience any other severe events during the remaining
treatment period. No participant in COMP reported any serious
adverse events.

Two out of three treatment adherence measures differed
statistically significantly to COMP’s advantage: patient-rated
proportion of nights according to the method (p <.0001), and
therapist-rated adherence to the sleep window (p <.0001), but
not therapist-rated proportion of nights according to the method
(p = .625; details in Appendix, p. 12 and Figure S1, p. 12).

Treatment satisfaction as measured with the CSQ was high
and very similar in both groups, with no statistically significant
differences at week 5 (p = .62) or week 10 (p = .82; details Appendix
Table S7, p. 12). There were no differences in how much the two
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Insomnia severity index (M, 95% CI)
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= sleep restriction

= sleep compression
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Figure 2. Insomnia severity during treatment. Note: Observed and estimated means for insomnia severity from pretreatment to week 10. For
observed means, 95% confidence intervals are marked with different colors depending on group.

groups reported they had been able to utilize the treatment, how
much they had benefited, how labor-intensive and extensive
they found it, or if they found it to be worth the effort, at week 5
(ps =.15 -.61) or week 10 (ps = .55 —-.90; details in Appendix Table
S8 p. 13).

Daytime dysfunction improved faster in REST, but the groups
did not differ statistically significantly (p = .54; details in Appendix
Table S9, p. 13 and Figure S2, p. 14).

REST had a statistically significantly faster decrease in
sleep diary-derived total sleep time (p <.0001) and a more
rapid increase in sleep efficiency (p < .0001; details in Appendix
Table S10, p. 15 and Figure S4, p. 16). The corresponding
actigraphy-derived sleep variables showed similar trajectories
of change but no statistically significant differences (Appendix

Table S10, p. 15 and Figure S3, p. 14). Sleepiness and sleep
quality (i.e. from sleep diary) also increased faster in REST (ps
=<.0001 and <.0004 respectively, details in Appendix Table
S10, p. 15).

In line with the instructions for the two treatments, time in
bed (both from actigraphs [Appendix Figure S3, p. 15] and sleep
diaries [Appendix Figure S5, p. 17]) decreased faster in REST,
whereas the change in COMP was more gradual (ps=.03 and
<.0001 respectively; for details see Appendix Table S11, p. 16).
Sleep diary-derived sleep onset latency, wake after sleep onset
and a number of awakenings improved faster in REST compared
to COMP (Appendix, Figure S4 and Table S11, p. 16).

After 10 weeks, we could see a tendency of somewhat better
results on sleep continuity (sleep diary) for REST, however, all
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Non-inferiority margin
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Week 10

\ w w
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Favors sleep compression

| — |
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Figure 3. Non-inferiority analysis of insomnia severity. Note: The x-axis represents the estimated mean differences on the insomnia severity index
between sleep restriction therapy and sleep compression therapy at weeks 5 and 10.

Table 2. Side effects, observed means (M), and standard deviations (SD) at weeks 2, 4, and 5

Week 2 Week 4 Week 5
Group M (SD) M (SD) M (SD)
REST 11.11 (7.91) 13.32 (8.94) 13.64 (8.75)
COMP 7.67 (7.60) 10.87 (8.85) 11.41 (8.49)

Note: REST = sleep restriction therapy; COMP = sleep compression therapy.

differences were very small and had partly overlapping confi-
dence intervals (Appendix, Table S12, p. 18).

Discussion

This study aimed to evaluate if sleep compression therapy is
non-inferior to sleep restriction therapy in improving insomnia
severity, and if it results in fewer side effects, better adherence,
and less daytime dysfunction. It also evaluated whether trajecto-
ries of change differed between the treatments.

Both treatments were associated with large reductions in
insomnia severity, but with a conservative non-inferiority limit
of 1.6 points on the ISI, COMP failed to present as non-inferior
to REST at both 5 and 10 weeks. The between-group effect was
medium at week 5 and small at week 10 in favor of REST, which
also showed a statistically significantly faster improvement rate
and a larger overall reduction in insomnia severity. These are
important findings, considering that sleep compression therapy
has been used as an alternative to sleep restriction therapy for
a long time [16-18], and is suggested as such in contemporary
treatment manuals [31].

The choice of non-inferiority limit is crucial for determining
the results in non-inferiority trials. In other non-inferiority trials
for insomnia, the limit has varied from 1.67 to 4 points on the ISI
[32, 33]. Given that non-inferiority must be contextualized, such
variation is not surprising. In this context, we are not willing to
sacrifice too much in effectiveness for the potential benefits that

COMP may offer. If we had chosen a broader non-inferiority limit,
e.g. 4 points, COMP would have been deemed non-inferior to REST.
Nevertheless, we maintain that the current limit is justified in
this context, based on its theoretical and empirical foundations.

In a clinical context, the effect on insomnia symptoms is not
the only aspect to consider. We therefore also investigated the
potential advantages of sleep compression therapy and found
that it was associated with less burden of side effects, a differ-
ence which was statistically significant at week 2. Interestingly,
treatment satisfaction was not higher, and daytime function was
not better in sleep compression. We did find that two out of three
adherence measures showed better adherence in sleep com-
pression therapy. This is a potentially important difference with
clinical implications, which may be related to the findings of less
side effects in sleep compression therapy. However, in the cur-
rent study, drop-out from the treatments seems to not have been
affected by less side effects, as it was very low in both groups. It
also did not lead to better outcomes on a group level, but could
still be relevant for clinical decisions on an individual level.

The initial reduction in total sleep time during sleep restric-
tion therapy is expected to elevate sleep pressure, as indicated
by increased subjective sleepiness at bedtime. This is assumed to
induce favorable changes in sleep patterns, including increased
sleep efficiency and improved sleep quality [34]. However, the
reduced total sleep time is also why sleep restriction therapy is
often not used in patients with psychiatric disorders, such as
bipolar disorder. The results from sleep diaries show that sleep
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restriction therapy did induce a faster decrease in total sleep time
compared to sleep compression therapy and a faster increase in
sleep pressure, sleep efficiency, and subjective sleep quality. This
is thus important to keep in mind when choosing therapy for a
particular patient. At week 10, as expected, all these differences
were very small and statistically non-significant, indicating that
sleep compression therapy had “caught up” with sleep restriction
therapy in these respects.

In summary, although sleep compression therapy has some
advantages over sleep restriction therapy regarding tolerability, it
comes with the disadvantages of failing to be non-inferior, having
a smaller effect on the primary outcome, and a slower rate of
improvement.

Our findings thus constitute empirical support for recom-
mending sleep restriction therapy as the first-hand choice over
sleep compression therapy on a group level. However, this does
not imply that sleep compression therapy should never be used.
The large reductions in insomnia severity, well in line with previ-
ous studies, is an important reminder that both treatments are
clinically beneficial and should both be considered before phar-
macological treatments. There may be valid reasons to opt for
sleep compression instead of sleep restriction, for instance, if
patients are unwilling to undergo sleep restriction therapy, or if
sleep restriction is contra-indicated due to medical (e.g., bipolar
disorder) or occupational (e.g., professional drivers) reasons. Also,
there may be other benefits of sleep compression therapy that
were not investigated in this study, and potential moderators of
effects for the two treatments, which should be investigated in
future research.

Strengths and limitations

The randomized controlled design, the large number, and the
blinding of participants are core strengths, accompanied by
the range of subjective and objective measures of outcomes
and sleep parameters, and night-by-night assessment for the
whole treatment period. The level of standardization and fidel-
ity to each treatment regime was very high with very little risk
of contamination since both treatments were text-based and
internet-delivered. The exclusion of all other standard thera-
peutic techniques in CBT for insomnia further reduces the risk
for confounders.

There are also limitations to acknowledge. The complexity of
deciding the non-inferiority limit necessitates cautious interpre-
tation. Not measuring side effects weekly is a study design lim-
itation, as is the high attrition rates for actigraphy. The fact that
we assessed the occurrence of serious adverse events through an
open-ended question rather than asking directly about serious
incidents during treatment may have influenced how patients
responded. Additionally, our decision not to include a lower limit
for the sleep window may have increased side effects in the REST
group compared to sleep restriction treatments that incorporate
a minimum sleep window.

The sample for the current study was predominantly
well-educated and had, on average, low levels of anxiety and
depression. This may limit the generalizability of our findings, par-
ticularly in relation to more diverse or complex insomnia patient
populations, such as those with significant psychiatric comorbid-
ities or other health issues. As such, the observed inferiority of
sleep compression therapy in this sample may not fully reflect
its potential for broader, more clinically diverse groups. Future
research should explore whether the advantages of sleep com-
pression therapy become more pronounced in such populations

and whether the treatment might offer unique benefits for indi-
viduals with more severe or complex insomnia profiles.

It should also explore the mechanisms of sleep restriction
therapy and sleep compression therapy more closely, with a focus
on the role of sleep deprivation in relation to treatment response
and side effects. Future studies should also explore how vary-
ing sleep window-algorithm designs and time-in-bed reductions
impact treatment outcomes and adherence in randomized trials,
potentially using a factorial design.

Conclusions

This single-blind, randomized controlled non-inferiority trial
shows that both sleep restriction therapy and sleep compression
therapy delivered as single-component treatments are associated
with large reductions in insomnia severity, but sleep compres-
sion therapy fails to show non-inferiority using a conservative
non-inferiority margin. Moreover, sleep restriction therapy exhib-
its faster improvement in insomnia symptoms and faster change
in several sleep parameters, such as sleep efficiency and sleep
quality. In contrast, sleep compression therapy is associated with
better adherence and somewhat less side effects early in treat-
ment. The results suggest that sleep restriction therapy should
be first-hand option, and that sleep compression therapy can be
a valid alternative when sleep restriction therapy cannot be used.

Supplementary material

Supplementary material is available at SLEEP online.
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