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Abstract
Objective—Insomnia is a common complaint among cancer survivors. Fortunately, cognitive-
behavioral therapy for insomnia (CBT-I) has been shown to be an effective treatment in this
population. However, it is rarely implemented given its limited availability. To address this
barrier, we examined the ability of an easily-accessible online CBT-I program to improve
insomnia symptoms in cancer survivors.

Methods—Twenty-eight cancer survivors with insomnia were randomly assigned to either an
Internet insomnia intervention (n=14) or to a waitlist control group (n=14). The online program,
Sleep Healthy Using the Internet, delivers the primary components of CBT-I (sleep restriction,
stimulus control, cognitive restructuring, sleep hygiene, and relapse prevention). Pre- and post-
assessment data were collected via online questionnaires and daily sleep diaries.

Results—Participants in the Internet group showed significant improvements at post-assessment
compared to those in the control group in overall insomnia severity (F1,26=22.8; P<.001), sleep
efficiency (F1,24=11.45; P=.002), sleep onset latency (F1,24=5.18; P=.03), soundness of sleep
(F1,24=9.34; P=.005), restored feeling upon awakening (F1,24=11.95; P=.002), and general fatigue
(F1,26=13.88; P=.001). Although other group x time interactions were not significant, overall
adjusted effect sizes for all sleep variables as well as for fatigue, depression, anxiety, and quality
of life ranged from small to large.

Conclusions—CBT-I delivered through an interactive, individually-tailored Internet
intervention may be a viable treatment option for cancer survivors experiencing insomnia.
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INTRODUCTION
As many as 63% of cancer patients and survivors experience disturbed sleep [1–5] and more
than 30% meet criteria for insomnia [1, 4, 6, 7]. This insomnia rate is 2–3 times higher than
that of the general population [8] where insomnia is associated with decreased quality of
life, greater work absenteeism, depressive symptoms, and increased healthcare usage [9–11].
Insomnia reportedly impacts cancer patients’ ability to cope with stress, carry out activities,
and concentrate [1]. Insomnia in this population is also associated with mood disturbances,
decreased quality of life, fatigue, and immunosuppression [1, 12–14].
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Sleep disturbances are commonly addressed with pharmacotherapy, an effective short-term
treatment for those with primary insomnia [15–17]. Although many cancer patients and
survivors are prescribed sleeping medications [1, 4], pharmacotherapy presents several
drawbacks for this population. First, little research has been conducted on the use of
hypnotics in the context of cancer treatment and recovery [3]. Furthermore, hypnotic
medications treat the symptoms of insomnia rather than the underlying cause, increase the
risk for tolerance/dependence, frequently cause residual next-day effects, and have the
potential for negative interactions with other medications that cancer survivors may take [3,
12, 18]. For these reasons, non-pharmacological treatments such as cognitive-behavioral
therapy for insomnia (CBT-I) can present an attractive alternative for cancer survivors
experiencing poor sleep.

Although the most common precipitating factors for sleep disturbance are psychological
stress and/or major life changes (e.g., a cancer diagnosis), different maladaptive behaviors
and dysfunctional thoughts typically perpetuate the problem. In fact, sleep difficulties often
become independent of precipitating factors. At its core, CBT-I works to examine and
change the thoughts and behaviors that frequently perpetuate insomnia [19–21]. It
accomplishes this through five treatment components: sleep restriction, stimulus control,
cognitive restructuring, sleep hygiene, and relapse prevention [19, 20, 22]. The validity of
CBT-I has been well-established [17, 23, 24]; in 2005 the NIH State-of-the-Science
Conference Statement acknowledged CBT-I as the first-line approach to insomnia treatment,
one that may be even more effective in improving sleep in the long term than medications
[17]. Recent evidence suggests CBT-based treatments may also be effective for treating
cancer survivors with insomnia [25–31]. Despite its advantages, CBT-I is significantly
underutilized for a number of reasons, including a limited number of providers trained in its
delivery, poor geographical distribution of those providers who have adequate training, and
limited insurance reimbursement [32, 33].

One approach to increase access to CBT-I is the use of the Internet as a means for
intervention delivery. The Internet is increasingly being used as a resource for delivering a
wide variety of behavioral and mental health programs with excellent success [34–36].
Disseminating interventions in this way significantly increases access to care, allowing
greater numbers of people to receive treatment than would otherwise be possible. In Espie’s
model of stepped care for insomnia [37], the use of the Internet is advocated as a first step in
providing treatment for insomnia.

There is already research documenting the feasibility and efficacy of Internet interventions
for insomnia [38–41]. Specifically, Sleep Healthy Using the Internet (SHUTi, pronounced
“Shut-Eye”), an individually-tailored, interactive intervention based on CBT-I, has been
shown to significantly improve sleep in adults with primary insomnia [39]. The current
article reports on the use of SHUTi to treat insomnia in a cancer survivor population. We
hypothesized that those who have access to and utilize SHUTi would experience sleep
improvements, particularly reduced insomnia severity and increased sleep efficiency,
compared to the control group. We also explored whether fatigue, mood, and quality of life
improved following the intervention.

METHODS
Participants were recruited between July 2008 and July 2009 using flyers placed in the
University of Virginia’s Cancer Center and the surrounding community, notices in Cancer
Center newsletters and local newspapers, letters sent directly to patients of Cancer Center
physicians, and online postings (Figure 1). The study was open to adults (age 21 or older)
with regular Internet access and in remission from any stage and any type of cancer as long
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as at least one month had passed since the completion of active treatment (radiation,
chemotherapy, or surgery). In addition to meeting the DSM-IV-TR [42] definition of
insomnia, participants had to report poor sleep for at least 6 months, difficulty sleeping at
least 3 nights per week, daytime consequences of sleep disturbance (e.g. fatigue,
performance deficits, mood disturbance), and no more than 6.5 hours of sleep per night on
average over the past month. To be eligible, participants’ cancer diagnosis or cancer
treatment had to either cause the insomnia or worsen existing sleep problems based on self-
report.

Exclusion criteria included having a diagnosis of a sleep disorder other than insomnia (e.g.,
sleep apnea, restless legs syndrome, narcolepsy) or a major psychiatric or medical condition
other than cancer suspected to contribute to their sleep disturbance. Participants undergoing
psychotherapy could enroll as long as they had not started psychotherapy within the past 3
months and were not receiving treatment specifically for insomnia. Other exclusion criteria
included an unstable medication regimen, shift work schedule or other irregular sleep
pattern, and pregnancy. All participants completed the informed consent process and were
paid $100 upon study completion. This study was approved by the Institutional Review
Board at the University of Virginia Health System.

Procedure
Potential participants contacted the research center via phone or email. A member of the
research staff conducted a brief phone screen before inviting potentially eligible participants
to attend an in-person screening session. During this visit, participants completed the
informed consent process and participated in a semi-structured interview to ensure
eligibility. At the conclusion of the visit, eligible participants were provided unique
usernames and passwords to access the Internet program. Staff spent approximately 15
minutes instructing each participant on how to log in and navigate the initial elements of the
program that all participants would view, such as how to complete online sleep diaries.
Participants then entered the pre-assessment period in which they completed an online
battery of questionnaires at home as well as daily online sleep diaries. Automatic daily email
reminders prompted participants to enter their sleep diary data. After completing 10 days of
sleep diaries within a 2-week period, participants received an email with notification of their
assignment to either the experimental (Internet) or waitlist control group. Random group
assignment was based on a computer-generated randomization schedule managed by the
project coordinator (E.T.B.).

Although the core content of SHUTi can be reviewed in as few as 6 weeks, Internet
participants were provided access to SHUTi for 9 weeks. At the conclusion of the
intervention period, all participants entered the post-assessment period where they were
again instructed to complete an online battery of questionnaires and 10 days of daily online
sleep diaries (with daily email reminders). Following study completion, control participants
were provided access to the SHUTi program, but no follow-up data was collected.

Internet Intervention for Insomnia
The SHUTi program, based on well-validated face-to-face CBT-I [17], includes six
interactive cores. The first core, “Overview,” provides an introduction to SHUTi and builds
rationale for the intervention. The next two cores, “Behavior 1” and “Behavior 2,” introduce
sleep restriction (e.g., following an algorithmically-determined sleep window) and stimulus
control (e.g., limiting time spent awake in bed in order to re-associate the bed and bedroom
with sleep). The “Education” core focuses on sleep hygiene, and the “Sleep Thoughts” core
helps users to identify and restructure unhelpful beliefs about sleep. The final core,
“Problem Prevention,” covers relapse prevention. Users are initially granted access to both
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the Overview and Behavior 1 core and are subsequently provided access to a new core one
week after completion of the previous core, thus allowing users time to consolidate what has
been learned in each core. Each core takes between 45 and 60 minutes to complete, and
users are able to revisit them at any time.

The SHUTi program provides a high degree of individual tailoring and feedback. This is
accomplished, in part, by prompting SHUTi users to enter daily sleep diary data during the
intervention. At the beginning of each core, users receive tailored sleep recommendations
based on their diary data. Each core contains numerous interactive elements and includes a
combination of text, graphics, vignettes, and animation. Automated emails are sent
throughout the program to inform the users as to next steps (e.g., time to begin new cores or
fill in diaries) as well as to encourage adherence (e.g., notifications that new cores will be
available in a specified number of days; encouragement to log back in after periods of time
without logins). The program was developed and evaluated based on the behavior change
model for Internet interventions [43]. This model was developed to guide Internet
intervention development and help predict and explain behavior changes and symptom
improvement targeted by Internet interventions. It suggests that effective Internet
interventions produce and maintain behavior change and symptom improvement based on a
number of components including those focused on the user, environmental factors, website
use and adherence, and support and website characteristics. No modifications were made to
SHUTi for this trial. For a complete description of the SHUTi program, see Thorndike et al.,
2008 [44].

Dependent Measures
Insomnia Severity Index—Participants completed the ISI [19, 45], a 7-item index of
subjective sleep difficulty, as part of the online battery administered at pre- and post-
assessment. The ISI uses a 5-point Likert scale to rate difficulty with sleep onset, sleep
maintenance, and early morning awakenings, as well as interference with daytime
functioning, how noticeable sleep problems are to others, distress caused by problematic
sleep, and overall sleep satisfaction. Total scores range from 0–28 with higher scores
indicating greater insomnia severity. ISI is a reliable, valid measure that can be delivered
online [46] and is sensitive to changes in treatment studies [45].

Sleep Diary—Sleep diaries are widely used as a reliable and valid method to collect
prospective sleep data [24]. In this study, participants completed online daily sleep diaries
during pre- and post-assessment. In order to complete a given assessment period,
participants were instructed to fill out 10 days of diary data within a 2-week period. While
this was required at baseline, meaning the participant would not be able to continue if 10
diaries were not completed, at post-assessment, participants’ diaries were included in data
analysis as long as at least seven were completed. Although participants were encouraged to
fill out diaries on a daily basis, the program accepted information that was up to 3 days old.
The online sleep diaries contained ten standard questions including information about
bedtime, sleep onset latency, number of awakenings, total length of awakenings, wake time,
arising time, daytime naps, rating of soundness of previous night’s sleep, rating of refreshed
feeling upon morning awakening, and information about sleep aids (medication and/or
alcohol use details).

Fatigue, Mood, and Quality of Life—All other measures were also delivered online.
The Multidimensional Fatigue Symptom Inventory-Short Form (MFSI-SF) is a 30-item
validated instrument that assesses fatigue in the past week and includes subscales of general
fatigue, physical fatigue, emotional fatigue, mental fatigue, and vigor [47, 48]. The Hospital
Anxiety and Depression Scale (HADS) [49] is a 14-item validated measure that is widely
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used to assess mood in medical settings [50]. Quality of life was assessed using the SF-12, a
12-item scale that has been found to be a reliable and valid patient-based assessment of
physical and mental health[51].

Internet Evaluation—To assess their experience using SHUTi, participants completed the
Internet Intervention Utility Questionnaire (UQ) [44]. The UQ contains general questions
relevant to all Internet interventions, as well as a few questions tailored to the particular
Internet intervention being evaluated. The 16-item measure uses a 5-point Likert scale (0–4,
with 4 indicating most positive response) to assess usability, likeability, usefulness,
understandability, and convenience of the Internet intervention. A previous version of this
scale was administered to users of a different Internet intervention and showed acceptable
internal reliability (α=.69) [52]. The UQ also includes two additional open-ended questions
that inquire about the most and least helpful aspects of the program to assist with future
modifications to the system.

Statistical Analysis
Descriptive statistics were computed for age, sex, race, marital status, education, type and
stage of cancer at diagnosis, time since completion of active treatment, and duration and
frequency of sleep difficulties. Baseline comparisons were made using t-tests for continuous
variables (e.g. age, education) and χ2 tests for categorical variables (e.g. sex, race). A 2
(Internet and control group) × 2 (pre- and post-assessment) repeated-measures analysis of
variance was conducted to compare changes across time. Primary outcome variables are ISI,
SE, and TST. For those variables with a significant overall interaction, paired-sample t-tests
were used to examine time effects within treatment group. Effect sizes were calculated and
presented for all measures because of the limitations small sample sizes pose to significance
testing [53]. Pre to Post effect sizes by group were computed as standardized mean
differences (SMDs) using pooled baseline SDs, and Hedge’s correction for small sample
size. These SMDs by group were used to compute an adjusted treatment effect size to
account for changes in both groups with one statistic. The adjusted effect size was computed
by subtracting the control group Pre-Post SMD from the experimental group Pre-Post SMD.
All effect sizes are presented so that a positive ES indicates an improvement in symptoms
and a negative ES indicates worsening of symptoms. Results are reported using completers
analyses. However, intent-to-treat analyses using the last observation carried forward were
also conducted for variables with missing data, and results did not significantly differ. All
analyses were conducted using the statistical software, SPSS for Windows version 17.0
(SPSS Inc, Chicago, Illinois).

RESULTS
Of the 29 participants who enrolled, 14 were randomized to immediately receive the Internet
insomnia intervention (SHUTi) and 14 were randomized to the waitlist control condition;
one participant became ineligible due to a return to active treatment for his cancer (thus his
data is not included in analyses). On average, participants were 56.7 years of age and had
completed 17.0 years of education. The majority were married (79%) and white (93%).
Most participants’ self-reported cancer diagnosis was either Stage I (46%) or Stage II (21%),
and nearly 4 years had passed since the completion of their active treatment. On average,
participants reported experiencing sleep difficulties for over 6 years and were currently
experiencing disrupted sleep on more than 5 nights per week at the onset of the study.

There were no significant differences between the Internet and control groups on the
baseline characteristics of age, ethnicity/race, marital status, years of education, cancer
stage, time since completion of active treatment, duration of sleep difficulties, or frequency
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of sleep difficulties (Table 1). There were, however, significant baseline differences for sex
and cancer type. Females accounted for 86% of the sample, and, with no a priori plans to
stratify on sex, the four male participants were randomly assigned to the control condition
(χ2=4.67, p=.03). Cancer type was also not evenly distributed between groups with 93% of
the Internet participants carrying a breast cancer diagnosis compared to 36% of the control
group (χ2=10.0, p<.01). Importantly, there were no significant group differences at baseline
on any of the outcome measures with the following exceptions: Internet participants
reported feeling less restored upon awakening (p=.03) and had lower scores on the MRSI-
Vigor subscale (p=.02).

Ninety-six percent of participants reported that they felt at least “comfortable” using the
Internet and 82% of participants reported checking email at least once per day. There were
no significant differences between the Internet and control groups in Internet comfort or use.

Insomnia Severity
All participants completed the ISI at both time points and were included in the analysis.
There was a significant group x time interaction effect with the Internet group showing a
marked improvement in insomnia severity from pre- to post-assessment, and the control
group showing no significant change (F1,26=22.8; p<.01). More specifically, the Internet
group dropped from an ISI score of 17.1 at pre-assessment to 8.2 at post-assessment,
(t(13)=10.15, p<.01), while the control group showed no significant change: ISI of 15.9 at
pre-assessment and 14.4 at post-assessment, (t(13)=1.24, p=0.2; see Figure 2). Per Cohen’s
guidelines [54], the adjusted ES indicates a large SHUTi treatment effect for insomnia
severity (d=1.85).

Gains made by participants who used SHUTi were also clinically significant. At baseline, 9
out of 14 participants (64%) in each group had ISI scores in the “clinically significant” range
of insomnia, as defined by an ISI score of greater than 14 [19]. The remaining five
participants in each group all had ISI scores in the “subthreshold insomnia” range (ISI score
in the range of 8 to 14); no participant had an ISI score in the “no insomnia” range (ISI <8).
After using SHUTi, only 2 of the 14 (14%) Internet participants still had “clinically
significant” levels of insomnia symptoms (ISI >14), compared to 8 of 14 control participants
(57%). In addition, 7 of 14 (50%) Internet participants had ISI scores in the “no insomnia”
range, compared to just 2 of 14 (14%) control participants.

Sleep Diary Variables
All participants completed 10 diaries at baseline assessment, and 26 of 28 (93%) completed
7 or more diaries at post assessment, and were therefore included in the repeated-measures
analysis of variance (Table 2). Regarding sleep efficiency, a significant group x time
interaction was found (F1,24=11.45; p<.01). Internet participants improved their sleep
efficiency by 19% over baseline (t(12)=−6.83, p<.01), while control participants improved
by just 6% (t(12)= −2.19, p<0.05). Of note, at pre-assessment, the average sleep efficiency
of participants in both groups (72.16% for Internet participants; 75.55% for control
participants) fell below 85%, as is typically seen in patients with insomnia [20]. At post-
assessment, however, the average sleep efficiency of Internet participants had increased to
85.67%, exceeding the 85% mark, while the average of those in the control group was just
79.75%, still in line with the <85% sleep efficiency associated with insomnia. Adjusted ES
signifies a medium-to-large treatment effect (d=.72) for sleep efficiency. There was not,
however, a significant group x time interaction for total sleep time (TST; p=.16), the other
primary outcome variable in this study; however, there was a small-to-medium treatment
effect (d=.32).
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Analysis for sleep onset latency (SOL) also revealed a significant group x time interaction
(F1,24=5.18; p=.03). More specifically, participants who used the Internet program shortened
their SOL by 59% (t(12)=3.14, p<.01), compared to a 14% decrease for control participants
(t(12)=1.24, p=0.24). As with sleep efficiency, adjusted ES revealed a medium-to-large
treatment effect (d=.67) for SOL. Although there was no significant interaction for wake
after sleep onset (WASO; p=.32), time in bed (TIB; p=.12), or number of awakenings (p=.
09), adjusted ES for these variables ranged from .22 (WASO) to .43 (number of
awakenings).

Participants were asked to rate both the soundness of their previous night’s sleep, as well as
how restored they felt upon awakening as part of their sleep diaries. A significant interaction
was found for both variables, with Internet users showing significantly more improvements
than those in the control group on soundness of sleep (F1,24=9.34, p<.01) and feeling
restored (F1,24=11.95, p<.01). Adjusted ES for these subjective ratings were both large (1.21
and 1.35, respectively).

Fatigue, Mood, and Quality of Life
All participants completed the online questionnaires for fatigue, mood, and quality of life
and were included in the analyses. As seen in Table 3, a significant group x time interaction
was found for the overall measure of fatigue, MFSI-SF (F1,26=13.88, p<.01). Participants in
the Internet group had significantly improved fatigue scores from 22.86 to 9.50 (t(13)=3.63,
p<.01); control participants’ scores did not improve over time, changing from 13.71 to 19.79
(t(13)= −1.64, p=.12). Several MFSI-SF subscales also had significant group x time
interactions, including general fatigue (F1,26=9.46, p<.01), mental fatigue (F1,26=8.65, p<.
01), and vigor (F1,26=14.79, p<.01), with Internet participants showing improvements
compared to control participants in all cases. While some subscales lacked significant group
x time interactions (physical fatigue, p=.11; emotional fatigue, p=.08), adjusted ES for the
fatigue variables ranged from a low of .47 to a high of 1.63, indicating a SHUTi treatment
effect for fatigue.

On the total HADS score, a measure of anxiety and depression, the group x time interaction
was not significant (p=.09). However, the adjusted effect sizes for the total was d=.52; and
the subscales, depression and anxiety, were d=.54 and d=.42, respectively. Regarding the
SF-12, a measure of quality of life, the group x time interaction for the mental subscale was
not significant (p=.09), but the adjusted ES indicated a small-to-medium treatment effect
(d=.48). On the physical subscale of the SF-12, the group x time interaction also did not
reach significance (p=.52), but the adjusted ES indicated a small treatment effect for SHUTi
(d=.21).

Intervention Evaluation
Overall, the intervention was well-received by participants. All of the participants (14/14
participants) indicated that the program was mostly or very easy to use (ratings of 3 and 4 on
the 0–4 Likert scale, respectively), and 93% (13/14 participants) described it as mostly or
very convenient to use. All participants (14/14 participants) indicated that the intervention
material was mostly or very understandable, and 86% (12/14 participants) described the
intervention material as useful. Lastly, 71% (10/14 participants) reported that the Internet
intervention was mostly or very effective. Participants’ also self-reported whether they felt
able to follow through with program recommendations with 86% (12/14 participants)
indicating that they were at least somewhat (at least a 2 on the Likert scale) able to follow-
through with them (64% reporting that they were mostly or very able), and 100% reporting
that they were able to keep the sleep diaries during the intervention at least “somewhat well”
(57%, 8/14 participants, indicated mostly or very well).
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Program Usage
All participants (14/14) in the SHUTi group logged in to the program during the nine week
intervention period, ranging from 15 to 61 times (X=38, SD=16). Logins had to be at least
five minutes apart to be considered a unique login. Twelve of the 14 (86%) SHUTi users
completed all of the six SHUTi cores. One non-completer finished 4 out of 6 cores; the other
finished 3 cores. Although SHUTi participants were encouraged but not required to continue
to keep their sleep diary during the intervention period, all participants continued to enter
diaries, ranging from 31 to 67 diaries completed (X=54, SD=13).

DISCUSSION
Data from previous studies have already established face-to-face CBT-based interventions
as effective treatments for cancer survivors with insomnia [25–31]. Research has also shown
that CBT-I delivered as an online intervention can successfully help patients with primary
insomnia in the general population [38–41]. The current study provides an important link
between these two areas of research by demonstrating that CBT-I delivered in an online
format can be a feasible and efficacious method for improving insomnia in cancer survivors
seeking help for their sleep problems.

Use of the SHUTi program by cancer survivors not only resulted in statistically significant
changes but also produced clinically meaningful improvements. These improvements were
seen both in insomnia severity, with half the participants in the Internet group having ISI
scores in the “no insomnia” range at post-assessment compared to just 14% of those in the
control group, and in sleep efficiency, in which the average post-assessment sleep efficiency
for those in the control group remained in the clinical range of insomnia, while those in the
Internet group exceeded, on average, the 85% cut-off. It is also important to note that all
sleep variables demonstrated small to large treatment effects for SHUTi. The data also
suggest that addressing cancer survivors’ insomnia may have an impact beyond improving
their sleep, as the use of online CBT-I was associated with improvements in fatigue, mood
and quality of life.

The dissemination of an insomnia intervention via the Internet has a number of potential
benefits to cancer survivors: It can reach large numbers of patients who might not otherwise
be able to receive adequate non-pharmacological treatment options for their insomnia; it can
provide increased flexibility and convenience for patients already burdened by frequent
medical appointments; and it can likely reduce treatment expenses [55]. When evaluating
the merits of this intervention for cancer survivors with insomnia, it is also important to note
that the treatment effects for the online intervention (which is fully automated and requires
no human support) were on par with what has been found in face-to-face delivered group
CBT-I for cancer survivors. In fact, the SHUTi effect sizes for insomnia severity (d=2.24),
sleep efficiency (d=1.05), sleep onset latency (d=.83), and wake after sleep onset (d=.72)
were comparable to those found in a study of face-to-face group CBT-I for cancer survivors
(ISI d=1.78; sleep efficiency d=1.33; SOL d=.95; WASO d=1.30) [25].

The results of the current study were also similar to the findings of our previous study of
SHUTi and primary insomnia patients [39]. In both studies, adults who received the Internet
intervention demonstrated improvements in the main sleep variables, including insomnia
severity and sleep efficiency. When SHUTi was used with patients with primary insomnia,
large treatment effects were found for insomnia severity (d=2.37), sleep efficiency (d=1.02),
and wake after sleep onset (d=1.05); a medium SHUTi treatment effect was observed for
SOL (d=.55).
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While the present study is characterized by some methodological strengths, including
random assignment and control of treatment administration, findings should be placed in
context of several limitations. We did not use a stratification scheme when randomizing
participants, and, as a result, the Internet and control groups were unbalanced in terms of sex
and cancer type. Although there are sex differences in prevalence of insomnia and rates of
seeking health information online, a recent study of CBT-I in cancer survivors found that
sex did not have a significant impact on response to treatment [26], thus we speculate this
sex imbalance did not substantively effect the intervention outcome. Regarding cancer type,
breast cancer survivors comprised a disproportionate percentage of the Internet intervention
group. Although one prior study found a significant interaction between cancer type and
treatment outcome, this effect was no longer significant when tested in a model that also
included treatment site (the study was completed at two different locations [26]). However,
generalizability of findings may be compromised by this imbalance of cancer type across
treatment group and more work needs to be done with non-breast cancer survivors. Lastly,
although the trial was adequately powered to detect changes in sleep efficiency based on our
previous primary insomnia trial, it was, nonetheless, a relatively small sample. Given the
small sample size, some of the non-significant effects may have been significant if the study
had been appropriately powered.

As with other studies of CBT-I in cancer survivors [25–27], the fact that participants were
predominantly highly-educated Caucasian women of non-Hispanic ethnicity may limit
generalizability of findings to men and those with different racial, ethnic, and educational
backgrounds. In addition, participants in this study volunteered to be included and were not,
for example, identified consecutively in a clinic. Thus, the particular sample may be more
motivated to obtain treatment or concerned about their insomnia, further limiting
generalizability. Outcomes of the current study should also be considered in light of the
extremely low attrition (all participants completed the ISI and other online measures; only 2
of the 28 participants (7%) did not complete sufficient post-assessment diaries). A further
potential limitation is the use of subjective sleep diaries to measure sleep rather than more
objective means such as polysomnography. However, sleep diaries measured over many
nights may actually provide a more accurate picture of sleep disturbance than a single (or
even two) nights of polysomnography given the night-to-night variability typically seen in
insomnia [24]. Finally, the waitlist control design may not account for nonspecific effects
such as participant expectation, and the lack of long-term follow-up in the present study
prevents us from ascertaining whether treatment gains were maintained.

Nonetheless, the findings presented here provide supportive evidence that CBT-I delivered
over the Internet is a viable treatment option for cancer survivors with insomnia. To extend
these findings, future research will need to examine whether cancer survivors maintain these
treatment gains over time. Additional research should also compare the online CBT-I
intervention with a non-waitlist control group. One option would be to compare the
automated, interactive intervention with a static website to determine whether the additional
features of an Internet intervention (e.g., tailored treatment recommendations) are warranted.
Additionally, online CBT-I could be compared directly with face-to-face CBT-I to better
examine possible differences in treatment response. Lastly, findings need to be replicated in
a large national trial with a more heterogeneous sample to ensure that findings generalize
across a broader sample. In sum, these results indicate that delivering an Internet
intervention for cancer survivors with insomnia may be both feasible and efficacious,
warranting further examination of this treatment modality.
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Figure 1.
Study enrollment flow.

Ritterband et al. Page 13

Psychooncology. Author manuscript; available in PMC 2013 July 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Insomnia Severity Index (ISI) scores by group at pre- and post-assessment.
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Table 1

Demographic and Clinical Characteristics of the Sample

Characteristic Internet Participants (n=14) Control Participants (n=14) All Participants (N=28) P Valuea

Age in years, mean (SD) 53.7 (10.8) 59.6 (12.3) 56.7 (11.7) 0.186

Sex

 Female 14 10 24
0.03

 Male 0 4 4

Race

 White 13 13 26

0.37 Black 1 0 1

 More than one race 0 1 1

Marial status

 Married/living with partner 12 10 22

0.24
 Divorced/separated 0 3 3

 Widowed 1 1 2

 Never married 1 0 1

Years of education, mean (SD) 17.7 (2.2) 16.2 (2.1) 17.0 (2.2) 0.08

Cancer type at diagnosis

 Breast 13 5 18
0.002

 Otherb 1 9 10

Cancer stage at diagnosis

 Stage I 8 5 13

0.24

 Stage II 4 2 6

 Stage III 2 3 5

 Stage IV 0 1 1

 Unknown 0 3 3

Years since completion of active
treatment, mean (SD)

4.6 (3.1) 3.2 (2.9) 3.9 (3.0) 0.22

Duration of sleep difficulties in
years, mean (SD)

6.4 (5.1) 6.5 (5.5) 6.4 (5.2) 0.96

Frequency of difficult sleep, nights
per week (SD)

5.5 (1.2) 6.1 (1.4) 5.8 (1.3) 0.26

a
P values are based on t-tests or Pearson χ2 tests.

b
Other cancer diagnoses included colorectal, prostate, cervical cancer, esophageal cancer, Hodgkin’s lymphoma, melanoma, sarcoma, and vagal

paraganglioma.
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