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Abstract

Background: Insomnia is two to three times more prevalent in cancer survivors than in the general population, where it
is estimated to be 10% to 20%. Cognitive-behavioral therapy for insomnia (CBT-I) is the recommended treatment for chronic
insomnia, but meeting survivor needs remains a challenge. Internet-delivered CBT-I (iCBT-I) has been shown efficacious
in otherwise healthy adults. We tested the efficacy of iCBT-I in breast cancer survivors with clinically significant sleep
disturbance.
Methods: Women from a national sample of Danish breast cancer survivors who experienced clinically significant sleep
disturbance were randomly allocated to iCBT-I or waitlist control (55:45). The fully automated iCBT-I program consisted of six
cores. Online measures of insomnia severity, sleep quality, and fatigue were collected at baseline, postintervention (nine
weeks), and follow-up (15 weeks). Online sleep diaries were completed over two-week periods pre- and postintervention.
Intention-to-treat analyses (time � group interactions) were conducted with mixed linear models and corrected for multiple
outcomes. All statistical tests were two-sided.
Results: A total of 255 women were randomly allocated to iCBT-I (n ¼ 133) or waitlist control (n ¼ 122). Statistically significant
(P � .02) time � group interactions were found for all sleep-related outcomes from pre- to postintervention. Effect sizes
(Cohen’s d) ranged from 0.33 (95% confidence interval [CI] ¼ 0.06 to 0.61) for wake after sleep onset to 1.17 (95% CI ¼ 0.87
to 1.47) for insomnia severity. Improvements were maintained for outcomes measured at follow-up (d ¼ 0.66–1.10).
Conclusions: iCBT-I appears to be effective in breast cancer survivors, with additional benefit in terms of reduced fatigue.
This low-cost treatment could be incorporated in cancer rehabilitation programs.

Insomnia is prevalent in the general population, with an an-
nual prevalence of 10% to 20% (1), and the rates in cancer sur-
vivors have been found to be two to three times higher (2). In
breast cancer, treatments such as chemotherapy and radio-
therapy—and possibly surgery and hormonal therapy—may
be partly responsible (3). Although the precise causal path-
ways are unclear, poor sleep is associated with higher levels
of cancer-related fatigue, reduced quality of life (4,5), and per-
haps even increased risk of all-cause mortality (6) and cancer
recurrence (7).

While pharmacotherapy remains the most commonly used
option for insomnia (8,9), hypnotics such as benzodiazepine re-
ceptor agonists are associated with side effects, dependence, and
tolerance over time and are usually not curative, requiring main-
tenance treatment over many years (10). Cognitive-behavioral
therapy for insomnia (CBT-I) (11) is an efficacious nonpharmaco-
logical alternative (12,13) and is the recommended first-choice
treatment for chronic insomnia (14). Short-term effects are com-
parable or superior to those found for pharmacotherapy, and
long-term effects are maintained for up to three years (15), both
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in individuals with insomnia as their primary problem and in
patients with co-occurring diagnoses such as cancer (16).

Due to limited availability of trained therapists and the
relatively high costs of face-to-face-delivered CBT-I (17), a
considerable challenge remains to make it available and ac-
cessible to meet population needs. Delivering CBT-I over the
internet (iCBT-I) is a possible solution. A meta-analysis (18) of
11 RCTs of iCBT-I found statistically significant effects on key
sleep outcomes such as insomnia severity, sleep efficiency
(SE), wake after sleep onset (WASO), total sleep time (TST),
sleep onset latency (SOL), number of nocturnal awakenings
(NA), and subjective sleep quality at post-treatment, with ef-
fect sizes (Hedges’s g) ranging from small (0.2) to large (1.1).
Furthermore, the effects were generally maintained up to
several months postintervention and comparable to those
found for face-to-face-delivered individual and group-based
CBT-Is (18).

So far, only two feasibility trials have examined the efficacy
of iCBT-I in cancer survivors: a small controlled pilot study
with 28 survivors with mixed cancer diagnoses (19) and an
uncontrolled feasibility trial with 171 breast cancer patients
(20). While both studies found statistically significant effects
for several sleep outcomes, there is a need to evaluate the effi-
cacy of iCBT-I in cancer survivors in large and well-designed
RCTs. We therefore tested the efficacy of Sleep Healthy Using
The Internet (SHUTi), previously shown efficacious in other-
wise healthy adults with insomnia (21) and with promising pi-
lot results in cancer survivors (19), in a national sample of
Danish breast cancer survivors experiencing clinically signifi-
cant sleep disturbances.

Methods

Study Design and Participants

A national sample of 255 Danish breast cancer survivors
experiencing clinically significant sleep disturbances (scores >5
on the Pittsburgh Sleep Quality Index [PSQI]) (22) were randomly
assigned to iCBT-I (SHUTi) (21) or a waitlist control condition
and assessed at baseline, postintervention (nine weeks), and
follow-up (15 weeks). Eligible women were age 18 to 75 years
and surgically treated according to the Danish Breast Cancer
Group (DBCG) guidelines for locoregional breast cancer between
June 1, 2011, and December 31, 2013. Exclusion criteria included
recurrence of breast cancer, second cancer, severe psychological
or physical comorbidity, other sleep disorders (sleep apnea,
parasomnia, narcolepsy), and inability to read Danish. The
study was approved by the Regional Science Ethical
Committees (Registration No. 1-10-72-553-12) and the Danish
Data Protection Agency and preregistered at ClinicalTrials.gov
(NCT02444026).

Random Assignment and Masking

Recruitment, screening, and randomization were done in two
waves. Based on names and addresses in the DBCG registry, re-
search assistants mailed out invitations, screened the women
who responded, sent out links to the online baseline question-
naire, and allocated women who completed baseline question-
naires using computer-generated lists (PASS v.12). All outcomes
were assessed by online questionnaires (Qualtrics, Provo, UT)
and automated online collection of sleep diaries integrated in
the SHUTi platform. Researchers had no contact with study

participants and no knowledge about allocation until after
study completion.

Procedure

Sample size and allocation ratio were based on the average ef-
fect (d ¼ 0.38) across sleep outcomes reported in six trials of
iCBT-I available at the time of planning the study (23). To de-
tect a statistically significant (P < .05) effect of a d value of 0.38
with a statistical power of 80% required a sample of 2� 109
participants. Based on the available trials (23), we anticipated
an uneven dropout of 30% and 15% in the intervention and
control groups, respectively, and planned to randomly assign
268 women in a ratio of 55:45 to intervention and control.
Expecting a response rate of 50% and a prevalence of sleep dis-
turbance of 50% (24), we anticipated a need to contact approxi-
mately 1600 women. In March 2015, letters including study
information and a link to an online version of the Pittsburg
Sleep Quality Index (PSQI) (22) were mailed out to a random
sample of 1607 women in the DBCG registry fulfilling the age,
surgery date, and clinical inclusion criteria. Women with PSQI
scores greater than 5 who had provided their telephone num-
ber were contacted by research assistants, who conducted a
structured screening interview with the aim of excluding
women with comorbidities and other sleep disorders. Eligible
women were mailed an informed consent form, and those who
returned the signed form were e-mailed a link to the online
baseline questionnaire. Those who completed the baseline
questionnaire were then randomly assigned to intervention
(SHUTi) or waitlist control, as described above. Because of the
lower response rate and prevalence of sleep disturbance than
expected, only 114 women had been included after the first re-
cruitment wave. In September 2015, a second recruitment
wave was initiated, in which 1599 letters were mailed out to
another random sample from the same cohort. Following the
same procedure as described above, this resulted in a final
sample of 133 and 122 participants in the intervention and
control groups, respectively.

SHUTi (25), a fully automated interactive iCBT-I based on
well-established face-to-face CBT-I (26), was adapted into
Danish. The program, which has been described in detail else-
where (25), consists of six successively delivered cores: intro-
duction and treatment rationale (Core 1), sleep restriction and
stimulus control (Core 2 and 3), cognitive restructuring (Core 4),
sleep hygiene (Core 5), and relapse prevention (Core 6). Each
core takes 45 to 60 minutes to complete, with new cores becom-
ing available one week after the completion of the previous
core. Participants receive automated e-mail prompts when it is
time to complete a new core and reminders to complete sleep
diaries. To receive updated sleep restriction recommendations,
participants must complete at least 5 days of sleep diaries in a
seven-day period. Based on this information, participants re-
ceive automatically computed tailored recommendations for
sleep restriction. The fully automated program presents infor-
mation through text, graphics, interactive activities, vignettes,
and video clips. Participants were not in contact with research-
ers or research assistants unless they requested technical help.
The program can be completed in as little as six weeks; how-
ever, participants were given nine weeks before postassessment
was administered. At pre- and postintervention, all participants
were instructed to access the online program and complete 10
sleep diaries over a two-week period, but access to the SHUTi
intervention was not made available to waitlist controls until
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week 15, that is, six weeks after the postintervention
assessment.

Measures

Participant Characteristics
Data obtained from the DBCG registry included age at surgery
and cancer and treatment characteristics. Additional informa-
tion obtained through the baseline questionnaire included soci-
odemographic data, health behaviors, work status and type,
insomnia duration, sleep medication use, and chronotype (the
reduced Morningness-Eveningness Questionnaire [rMEQ]; score
range ¼ 5–25) (27). Motivation and expectancy was measured

with five ad hoc items (see Table 1 for further details on patient
characteristics).

Outcomes
Primary sleep-related outcomes included insomnia severity and
sleep quality at baseline, postintervention (nine weeks), and
follow-up (15 weeks), and sleep diaries completed at pre- and
postintervention. The secondary outcome of fatigue was
assessed at baseline, postintervention, and follow-up. All
instruments had either previously been translated or were
translated into Danish for the present study using recognized
approaches (28).

Table 1. Participant and nonparticipant characteristics

Nonparticipants* Participants† P‡ Intervention Control P‡

No. 2952 255 133 122
Stage (0–III), % .86 .23

0 0.3 0.0 – 0.0 0.0 –
I 25.3 25.9 – 26.4 25.2 –
II 44.3 46.1 – 41.6 51.4 –
III 29.4 27.6 – 32.0 22.4 –

Tumor size, mean (SD), mm 19.4 (29.1) 19.6 (13.5) .93 20.5 (13.1) 18.6 (13.8) .29
ER status, mean (SD), % pos. cells 77.1 (38.0) 80.7 (35.1) .12 81.6 (34.7) 79.6 (35.7) .66
Lymph node positive, % 39.5 45.8 .06 47.6 43.6 .54
Premenopausal, % 51.5 62.0 .002k 59.2 64.7 .37
Mastectomy, % 29.2 32.8 .23 31.6 33.9 .70
Chemotherapy, % 47.9 56.7 .03¶ 50.4 63.6 .07
Radiotherapy, % 74.5 74.0 .92 74.5 85.9 .13
Endocrine therapy, % 76.0 77.6 .21 77.4 81.0 .45
Age at surgery, mean (SD)§ 52.3 (11.2) 50.2 (8.8) <.001k 50.3 (8.8) 50.1 (8.9) .89
Age group, y <.001 .95

18–40 16.3 14.6 - 12.8 14.9 –
41–50 32.9 45.3 - 46.6 46.3 –
51–60 25.0 24.7 - 25.6 23.1 –
61–75 25.8 15.4 - 15.0 15.7 –

Age at inclusion, mean (SD)§ – 53.1 (8.8) – 53.2 (8.8) 52.9 (8.9) .81
Time from surgery, mean (SD), y – 2.9 (2.9) – 2.9 (1.8) 2.9 (3.8) .98
Married/partnered, % – 79.6 – 78.2 81.1 .56
Education .24

Lower (<2 y of higher ed.) – 23.9 – 22.3 25.7 –
Medium (2–4 y of higher ed.) – 57.8 – 55.4 60.6 –
Higher (�5 y of higher ed.) – 18.3 – 22.3 13.8 –

Body mass index, mean (SD), kg/m2 – 25.7 (4.8) – 25.3 (4.2) 26.1 (5.3) .17
Alcohol, mean (SD), drinks/wk – 7.2 (5.3) – 6.9 (5.2) 7.7 (5.3) .32
Smoker, % – 8.2 – 8.3 8.2 .98
Working, % – 76.1 – 77.4 74.6 .59
Work type: day, evening, shift, % – 91.4, 2.3, 6.3 – 90.0, 2.2, 7.8 92.9, 2.4, 4.8 .72
Insomnia duration, mean (SD), y – 3.4 (2.7) – 3.3 (2.8) 3.4 (2.7) .77
Sleep medication, last 30 d, % – 15.3 – 15.8 14.8 .82
Sleep aids: herbal supplements, % – 10.6 – 13.5 7.4 .11
Sleep aids: relaxation, % – 46.3 – 46.6 45.9 .91
Sleep aids: other, % – 50.2 – 51.1 49.2 .76
Morningness (rMEQ), mean (SD)# – 16.7 (3.5) – 16.7 (3.6) 16.8 (3.5) .86
Motivation and expectancy, mean (SD)** – 10.6 (2.5) – 10.6 (2.6) 10.5 (2.5) .85

*Includes nonresponders, decliners, and excluded. ER ¼ estrogen receptor; rMEQ ¼ reduced Morningness-Eveningness Questionnaire.

†Participants who consented and completed baseline measures.

‡t test for independent samples or chi-square tests (two-sided), as appropriate, after adjusting for multiple comparisons with the Benjamini-Hochberg procedure (35).

§Age at surgery differs from age at inclusion (mean ¼ 2.9 years later).

kWhen entering participants vs nonparticipants as the dependent variable and age and menopausal status (pre/post) as independent variables in a logistic regression,

neither remained statistically significant (P ¼ .37 and .22).

¶When adjusting for multiple comparisons (35), chemotherapy did not reach the adjusted statistical significance level (P < .02).

#reduced Morningness-Eveningness Questionnaire (27).

**Five-item ad hoc scale.
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Insomnia severity was assessed with the Insomnia Severity
Index (ISI) (29). Total scores range from 0 to 28, with higher
scores indicating more severe insomnia. The ISI is a valid and
reliable measure shown to be sensitive to changes in treatment
studies (30). A cutoff of 10 has been found optimal for detecting
insomnia (30). Internal consistency was 0.80 in the present
sample.

Sleep quality was assessed with the Pittsburgh Sleep Quality
Index (PSQI) (22), which measures a broader concept than the
ISI. The PSQI yields seven component scores summed to pro-
duce a global measure of sleep disturbance, with higher scores
denoting poorer sleep quality (range ¼ 0–21). A cutoff of 5 has
been suggested for the presence of sleep disturbance (22).
Internal consistency was 0.77.

An online version of the consensus sleep diary (31) was com-
pleted daily over a two-week period by both groups at pre- and
postintervention (but not at follow-up). The diary measures
time to fall asleep; number and length of any awakenings at
night; time of awakening and arising from bed in the morning;
length of any naps; subjective sense of how refreshed they felt
on awakening as well as soundness of sleep during the night;
and amount of medication and alcohol used as a sleep aid. Each
sleep diary period yields the following outcomes: 1) SOL
(minutes), 2) NA, 3) WASO (minutes), 4) early morning awaken-
ing (EMA; minutes), 5) time in bed (TIB; hours), 6) TST (hours), 7)
SE (calculated as TST/TIB)�100, and 8) the proportion of nights
on which participants took sleep medication.

Fatigue was assessed with the 13-item Functional
Assessment of Chronic Illness Therapy for Fatigue (FACIT-F)
(32). Raw scores range from 0 to 52, with higher scores indicat-
ing less fatigue. A cutoff score of 34 was used to determine the
level of clinically significant fatigue (33). Internal consistency
was 0.91.

Statistical Analysis

Data were analyzed with IBM SPSS statistics, v.24 (IBM, Chicago,
IL) when both waves had completed follow-up. Baseline differ-
ences between nonparticipants and participants and between
the intervention and control groups were explored with t tests
or v2 tests. Intervention adherence was quantified as the num-
ber of SHUTi cores (1 to 6) completed. Study dropouts were de-
fined as participants failing to complete questionnaires at
postintervention and follow-up. For scales with internal consis-
tencies of at least 0.70, mean substitution of missing values
with the respondent’s average response on the remaining scale
items was used if respondents had completed at least 50% of
the items (34). Mixed linear models (MLMs) based on the intent-
to-treat sample were used to compare groups over time on all
outcome variables, all treated as continuous variables. MLMs
can be fit to all available data, including data from participants
with missing values. An intervention effect was indicated by a
statistically significant group � time interaction. The false dis-
covery rate (FDR) for baseline comparisons was controlled for
multiple comparisons at baseline with the Benjamini-Hochberg
procedure (35), and the familywise error rate (FWER) for multi-
ple outcomes was controlled with Holm’s procedure (36).
Generalized estimating equation (GEE) models were used to ex-
amine between-group differences in changes over time (time �
group interaction) in dropout and proportions of participants
above suggested clinical cutoffs (ISI, PSQI, SE, FACIT-F). Effect
sizes are presented as Cohen’s d, based on absolute between-
group differences at postintervention and follow-up, with 0.2,

0.5, and 0.8 considered a small, medium, and large effect size,
respectively (37). All statistical tests were two-sided, and a
P value of less than .05 was considered statistically significant.

Results

Participants

Between March 26 and Oct. 4, 2015, a total of 255 women were
enrolled in the study. Clinical and demographic characteristics
of participants and nonparticipants and the intervention and
control groups are shown in Table 1. Participants were on aver-
age two years younger and more likely to be premenopausal
than nonparticipants. The two recruitment waves did not differ
in background variables or outcome measures at baseline (P �
.11 for all). Attrition in the intervention and control groups from
baseline to postintervention (22.6% and 18.1%) and follow-up
(1.9% and 3.0%) was evenly distributed (time � group interac-
tion; Wald v2 ¼ 0.80, P ¼ .67) (Figure 1). Dropouts and partici-
pants who completed postintervention assessments did not
differ on any background or outcome variables at baseline (data
not shown).

Sleep Outcomes and Fatigue

Statistically significant group � time effects were found at post-
intervention for all but one outcome, with effect sizes (Cohen’s
d) ranging from 0.33 (95% confidence interval [CI] ¼ 0.06 to 0.61)
for wake after sleep onset to 1.17 (95% CI ¼ 0.87 to 1.47) for in-
somnia severity (Table 2). Changes in the proportion of nights
on which participants took sleep medication did not reach sta-
tistical significance (P ¼ .09). Large effect sizes were found for
improvements in insomnia severity (ISI), sleep quality (PSQI),
and sleep efficiency; medium effect sizes for increased total
sleep time, less time in bed, and fewer EMAs; and small effect
sizes for shorter SOL, fewer NAs, reductions in fatigue (FACIT-F),
and less time spent awake after sleep onset (WASO).
Improvements were maintained for outcomes measured at
follow-up, with effect sizes from 0.66 (95% CI ¼ 0.38 to 0.95) to
1.10 (95% CI ¼ 0.80 to 1.40). Effects for ISI and PSQI were large,
and the effect for fatigue (FACIT-F) was of medium magnitude
(Table 2).

Statistically significantly fewer participants in the interven-
tion group than in the control group showed signs of clinically
impaired sleep (cutoffs: ISI > 10 and PSQI > 5) at both postinter-
vention (P < .001 and P ¼ .003) and follow-up (P < .001 and P ¼
.011) (Figure 2; see Supplementary Table 1, available online, for
further details). The reduction from baseline to postintervention
in the proportion of participants with SE of less than 85% was
statistically significantly larger in the intervention group than
in controls (P < .001). Group differences in the change in the pro-
portion of participants who were clinically fatigued (scores <

34) only reached statistical significance at follow-up (P < .001)
(Figure 2).

Adherence

On average, intervention group participants completed 4.1 (SD
¼ 2.5) cores, with 82.1%, 75.1%, 67.2%, 64.2%, 62.7%, and 59.7%
completing cores 1, 2, 3, 4, 5, and 6, respectively. Motivation and
expectancy scores at baseline did not predict the number of
completed cores (Beta ¼ .08; P ¼ .19). There were no between-
group differences in the mean number of completed sleep
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diaries at baseline (mean [SD] ¼ 8.7 [3.2] vs mean [SD] ¼ 8.03
[3.9], P ¼ .12) or postintervention (mean [SD] ¼ 6.7 [4.7] vs mean
[SD] ¼ 7.3 [4.4], P ¼ .35; data not shown).

Statistically significant group � time � adherence effects
were found for ISI (F ¼ 19.6, d.f. ¼ 260, P < .001), PSQI (F ¼ 10.1,
d.f. ¼ 262, P < .002), and SE (F ¼ 8.1, d.f. ¼ 119, P < .001). Cores
completed were associated with larger improvements in ISI
scores, PSQI scores, and SE from baseline to postintervention. No
effects of adherence were seen for the remaining sleep outcomes
or fatigue. No adverse effects were reported (data not shown).

Discussion

Our results extend previous findings (16,18) to cancer survivors
by demonstrating that iCBT-I can reduce insomnia severity and

improve overall sleep quality in breast cancer survivors. Not
only were the effects highly statistically significant, but also
clinically relevant when comparing changes in proportions of
participants with clinically significant sleep problems as deter-
mined by the suggested cutoffs for ISI, PSQI, and SE.

The postintervention effect sizes found for insomnia sever-
ity and sleep diary outcomes, ranging from 0.33 (95% CI ¼ 0.06
to 0.61) to 1.17 (95% CI ¼ 0.87 to 1.47), were generally comparable
to those found in a previous pilot study with cancer survivors
(95% CI ¼ 0.22 to 1.85) (19) and the aggregated effects found for
face-to-face CBT-I in cancer survivors, ranging from 0.41 (95% CI
¼ 0.24 to 0.59) to 0.77 (95% CI ¼ 0.60 to 0.93) (16). Sleep medica-
tion use was the only outcome not reaching statistical signifi-
cance. It should be noted that SHUTi does not focus on
medication titration, and participants were instructed to

2 did not complete 
ques�onnaires  

12 dropped out of 
interven�on 
18 did not complete 
ques�onnaires 

3 did not complete 
ques�onnaires 

9 dropped did not 
complete diaries 
13 did not complete 
ques�onnaires 

3207 invited by mail to complete PSQI 
 

1035 (32.3%) responded and completed 
PSQI  

391 (37.8%) with PSQI >5, contacted and 
screened 

255 (65.2%) randomized 

2172 did not respond 

641 ineligible, PSQI < 5 

8 unreachable 
45 comorbidity 
12 work schedule  
4 BC relapse 
64 declined 
3 other 

133 interven�on (iCBT-I) 122 waitlist control  

101 (75.9%) completed 
follow-up at week 15 

97 (79.5%) completed 
follow-up at week 15 

103 (77.4%) completed 
interven�on at week 9 

100 (82.0%) completed 
waitlist control at week 9 

18.1% 22.6% 

1.9% 3.0% 

32.8% 

62.2% 

67.7% 

6 weeks 

9 weeks 

Figure 1. Study flow diagram. iCBT-I ¼ internet-delivered cognitive-behavioral therapy for insomnia; PSQI ¼ Pittsburgh Sleep Quality Index.
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contact their doctor if they wished to change their sleep medi-
cation use. Sleep effects were maintained over time. For insom-
nia severity and sleep quality, which were assessed at the
follow-up, the effects remained statistically significant and
tended to show continued improvement. The effect size at
follow-up for insomnia severity (effect size ¼ 1.10, 95% CI ¼ 0.80
to 1.40) was larger than effect sizes found at follow-up for both
iCBT-I in general population samples (effect size ¼ 0.68, 95% CI
¼ 0.42 to 1.30) (18) and face-to-face CBT-I in cancer survivors
(effect size ¼ 0.55, 95% CI ¼ 0.37 to 0.73) (16). It should here be
mentioned that the time to follow-up in our study was rela-
tively short.

Cancer-related fatigue is a prevalent and distressing symp-
tom among cancer survivors (5), and, at baseline, on average 2.9
years after surgery, a considerable proportion (73.7%) of the
breast cancer survivors in our study reported clinically severe
fatigue (33). While the relative decrease in the proportion
experiencing severe fatigue (<34) did not reach statistical signif-
icance at post-treatment, fatigue continued to decrease, with
only 34% reporting severe fatigue at follow-up, compared with
65% of controls, suggesting that the indirect effects of sleep im-
provement on fatigue may take more time to consolidate.

The study dropout rates of 22.6% and 18.1% in the interven-
tion and control groups, respectively, are comparable to the aver-
age study dropout of 24.7% found in previous iCBT-Is with
general population samples (18) and dropout rates of up to 33%
found in face-to-face-delivered CBT-I (13). The average number
of completed program cores was high (67%), and higher than the
52% reported in a meta-analysis of adherence to technology-
mediated insomnia treatments (38). While the association found
between adherence and improvement in insomnia severity,
sleep quality, and SE at postintervention suggests potential

benefits of attempts to further increase adherence, our results
also indicate that adherence and effects can be substantial even
with a fully automated program with no therapist contact.

Our trial has several strengths, including a national sample
of breast cancer survivors who were generally comparable with
nonparticipants, commonly used sleep measures enabling com-
parisons with existing studies of face-to-face and internet-
delivered CBT-I, and study attrition and intervention adherence
comparable to those found in similar studies with general popu-
lation samples. Some limitations should be mentioned. First,
participants were younger and more likely to be premenopausal
at surgery than nonparticipants. However, the small mean age
difference (two years) is unlikely to be a major threat to general-
izability. Second, we used self-report sleep diaries rather than
more objective assessments such as polysomnography.
However, given the night-to-night variability seen in insomnia,
sleep diaries over multiple nights may provide a more accurate
picture of sleep disturbance (26), and standardized sleep diaries
provide a valid and important perspective on the individual’s
sleep. Third, the follow-up was relatively short (six weeks after
postassessment) so as to not delay the treatment in the control
group. Fourth, while the effects were similar to those reported
for face-to-face CBT-I in cancer survivors (16), comparability is
limited by the lack of direct comparison with a face-to-face
CBT-I condition. Finally, it is unknown whether our findings for
breast cancer survivors can be generalized to other types of can-
cer survivors.

In conclusion, iCBT-I appears to be an efficacious treatment
option for breast cancer survivors, with robust and clinically rel-
evant postintervention effects found for multiple sleep
outcomes that were maintained six weeks after completion
of the intervention. With increasing Internet penetration rates

Table 2. Insomnia severity, sleep quality, fatigue, and sleep variables at baseline, postintervention, and 6-month follow-up

Baseline
Postintervention

(9 wk) Group � time
interaction*

Follow-up
(15 wk) Group � time

interaction*

Variable Interv. Control Interv. Control
P†; Cohen’s d

(95% CI)‡ Interv. Control
P†; Cohen’s d

(95% CI)

No. who completed
questionnaires

133 122 103 100 101 97

Insomnia severity by ISI§ 14.9 (4.8) 14.7 (4.5) 7.1 (4.4) 12.8 (5.3) <.001; 1.17 (0.87 to 1.47) 6.1 (4.5) 11.6 (5.5) <.001; 1.10 (0.80 to 1.40)
Sleep quality by PSQIk 10.2 (3.6) 10.2 (3.0) 6.5 (2.8) 9.3 (3.4) <.001; 0.90 (0.61 to 1.19) 6.1 (3.2) 8.9 (3.3) <.001; 0.86 (0.57 to 1.15)
Fatigue by FACIT-F¶ 35.8 (9.4) 35.1 (9.6) 40.8 (8.5) 36.8 (10.6) <.001; 0.42 (0.14 to 0.70) 43.0 (7.9) 37.6 (9.1) <.001; 0.66 (0.38 to 0.95)
No. with �5 sleep diaries 116 99 90 91
Sleep onset latency, min 18.8 (21.3) 19.0 (24.8) 7.7 (10.5) 14.9 (24.0) .02; 0.39 (0.11 to 0.67) – – –
No. of awakenings 2.6 (1.2) 2.4 (1.2) 1.7 (1.0) 2.2 (1.2) <.001; 0.45 (0.18 to 0.73) – – –
Wake after sleep

onset, min
37.7 (38.0) 26.5 (27.5) 11.9 (15.8) 18.0 (20.5) <.001; 0.33 (0.06 to 0.61) – – –

Early morning
awakenings, min

83.3 (57.0) 73.4 (51.5) 31.9 (41.2) 71.9 (62.9) <.001; 0.76 (0.47 to 1.04) – – –

Time in bed, h 8.0 (0.8) 7.9 (0.7) 7.4 (0.8) 7.9 (0.7) <.001; 0.67 (0.38 to 0.95) – – –
Total sleep time, h 5.7 (1.2) 5.9 (1.2) 6.5 (1.1) 6.1 (1.3) <.001; 0.64 (0.34 to 0.94) – – –
Sleep efficiency#, % 71.2 (15.0) 75.2 (14.2) 88.3 (10.3) 78.1 (15.0) <.001; 0.80 (0.51 to 1.08) – – –
Sleep medication** 14.8 (31.3) 8.9 (24.4) 11.0 (28.8) 9.7 (26.2) .09; 0.05 (–0.23 to 0.32) – – –

*Mixed linear models (two-sided significance testing).

†All statistically significant effects remained significant after controlling the familywise error rate with Holm’s method (36).

‡Cohen’s d conventions: 0.2 (small), 0.5 (medium), 0.8 (large) (37).

§Insomnia Severity Index (29), higher scores ¼ more severe insomnia. CI ¼ confidence interval; FACIT-F ¼ Functional Assessment of Chronic Illness Therapy Fatigue;

ISI ¼ Insomnia Severity Index; PSQI ¼ Pittsburgh Sleep Quality Index; Interv. ¼ intervention. Values are reported as means (with SD) unless noted otherwise.

kPittsburgh Sleep Quality Index (22), higher scores ¼ higher levels of sleep disturbance.

¶Functional Assessment of Chronic Illness Therapy Fatigue Scale (32), higher scores ¼ lower levels of fatigue.

#Sleep efficiency (total sleep time/time in bed � 100).

**Proportion (%) of nights on which participants took sleep medication.
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(eg, 96.6% in Denmark and 84.2% in the United States in 2017)
(39), delivering CBT-I over the Internet appears to be a viable
method to overcome the challenges of disseminating this effi-
cacious treatment to the considerable number of cancer survi-
vors with insomnia in need.
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