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Abstract

Background: Adolescents and young adults who had childhood cancer are at increased risk for insomnia, due to
being critically ill during an important phase of their life for the development of good sleep habits. Insomnia is
disabling and prevalent after childhood cancer (26–29%) and negatively impacts quality of life, fatigue, pain, and
general functioning and is often associated with other (mental) health problems. Insomnia and a history of
childhood cancer both increase the risk of adverse health outcomes, posing a double burden for adolescents who
had childhood cancer. The first-line treatment for insomnia is cognitive behavioral therapy for insomnia (CBT-I).
However, access to this type of care is often limited. The guided online CBT-I treatment “i-Sleep” has been
developed to facilitate access via online care. i-Sleep is shown effective in adult (breast cancer) patients, but it is
unknown if iCBT-I is effective in pediatric oncology.

Methods/design: We developed a youth version of i-Sleep. Our aim is to evaluate its effectiveness in a national
randomized-controlled clinical trial comparing iCBT-I to a waiting-list control condition at 3 and 6months (n = 70).
The intervention group will be also assessed at 12 months to see whether the post-test effects are maintained.
Adolescents and young adults aged 12–30 years with insomnia, diagnosed with (childhood) cancer, currently at
least 6 months since their last cancer treatment will be eligible. Outcomes include sleep efficiency (actigraphic),
insomnia severity (self-report), sleep and circadian activity rhythm parameters, fatigue, health-related quality of life,
perceived cognitive functioning, chronic distress, depressive and anxiety symptoms, and intervention acceptability.
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Discussion: Insomnia is prevalent in the pediatric oncology population posing a double health burden for adolescents
and young adults who had childhood cancer. If guided iCBT-I is effective, guidelines for insomnia can be installed to
treat insomnia and potentially improve quality of life and the health of adolescents and young adults who had
childhood cancer.

Trial registration: NL7220 (NTR7419; Netherlands Trial register). Registered on 2 August 2018

Keywords: Adolescent, Young adult, Childhood cancer, Insomnia, CBT, eHealth, Randomized controlled trial

Background
Sleep problems are common after childhood cancer with
up to a third reporting significant sleeping disturbance
[1, 2]. One particular type of sleep problem which is
among the most prevalent ones is insomnia. Insomnia is
characterized by difficulty in initiating or maintaining
sleep for more than 3 nights a week for more than 3
months which significantly impacts daily life functioning
[3]. Insomnia is associated with a lower health-related
quality of life (HR-QoL), more fatigue, and worsened
psychosocial and neurocognitive functioning [4–8]. In
the long run, chronic insomnia is related to increased
risk of adverse health outcomes, e.g., musculoskeletal
pain, other mental disorders, and cardiovascular disease
[9–12]. Childhood cancer survivors are already at in-
creased risk of adverse health outcomes [13]. An add-
itional insomnia diagnosis might therefore pose a double
health burden. Furthermore, insomnia developed during
childhood tends to become chronic, with up to 88% of
adolescents with current insomnia, having a history of
insomnia [14, 15]. Adolescents and young adults who
had childhood cancer may even be at increased risk for
insomnia, being critically ill during a phase of life that is
important in the development of good sleep habits [8].
The increased risk of insomnia in adolescents, age-

group defined as 12–25 years old [16], and young adults,
age-group 19–30 years old [17, 18], who had childhood
cancer might be explained within the conceptual model
of insomnia: the three-factor (3P-) model. In this model,
insomnia develops and is maintained through predispos-
ing, precipitating, and perpetuating factors [19]. Predis-
posing factors in insomnia entail genetic vulnerability,
but also major changes in the sleep architecture that
occur during adolescence within circadian and homeo-
static bioregulation processes [20]. Other hallmarks of
adolescence are also risk factors for insomnia, such as
higher stress reactivity and emotional problems due to
hormonal changes in puberty, school stress, increased
electronic media use, and heightened caffeine intake
[21]. All provide a soil for insomnia, which can develop
through additional precipitating factors.
Precipitating factors within the context of childhood

cancer contain stressful life events, such as the cancer
diagnosis and following treatment periods, but also

medication and hospitalizations leading to sleep disrup-
tion. Being critically ill for a prolonged period of time
can lead to change of sleep habits, with e.g. (re)occur-
rence of daytime napping, increased sleep fragmentation,
and less physical activity, which eventually leads to a dis-
ruption of the circadian sleep-activity rhythm [8, 22–24].
In general, these sleep problems subside over time.
However, not all patients recover. While during treat-
ment up to 75% of patients report sleep problems, after
treatment and into survivorship, symptoms remain in
28–29% [1, 2, 25]. In these cases, insomnia is maintained
by perpetuating factors, such as the continued disruptive
sleeping behaviors and increased hyperarousal. Hyper-
arousal is a heightened state of distress playing a role in
maintaining insomnia and is one of the proposed under-
lying mechanisms [26]. The context of adolescents and
young adults who had childhood cancer therefore entails
several risk factors that increase the chance of develop-
ment and maintenance of insomnia. However, currently,
limited interventions for insomnia in adolescents in
pediatric oncology are available.
The first-line treatment for insomnia in adults is cog-

nitive behavioral therapy for insomnia (CBT-I), which is
effective, shows less side effects, and sustains better
long-term effects compared to pharmacological treat-
ments [27, 28]. Compared to adults, the treatment of in-
somnia in adolescents has been less studied [21, 29]. So
far, three randomized controlled trials showed the effect-
iveness of either face-to-face or online CBT-I for insom-
nia in adolescents [30, 31]. Furthermore, although there
are hypotheses about potential treatment mechanisms of
CBT-I for insomnia in adolescents, they are also yet to
be validated. In childhood cancer, only one pilot study
with a small sample of survivors aged (15–40 years)
studied face-to-face and videoconference CBT-I showing
adequate feasibility and effectivity [32]. However, even if
evidence-based interventions exist, accessibility of those
interventions might be low. This is the case for face-to-
face CBT-I for insomnia due to a shortage in trained
therapists [28]. New developments of online therapy
might provide an answer to this problem, having the ad-
vantage of flexibility and overcoming geographical
boundaries [33]. Online CBT-I (iCBT-I) shows similar
effect sizes in treating insomnia in adults compared to
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face-to-face CBT-I [34]. Additional guidance by an on-
line sleep coach remains important to increase adher-
ence and motivation [35].
The treatment investigated in this study is based on i-

Sleep, a guided 5-week iCBT-I program including com-
mon CBT-I treatment principles [36, 37]. i-Sleep was
shown effective in improving insomnia, and secondary
outcomes such as depressive symptoms and HR-QoL, in
general population adults in a clinical trial and in an
open-cohort study with adult breast cancer patients [38–
40]. However, it is unknown if iCBT-I is also effective in
adolescents and young adults with insomnia after child-
hood cancer. We therefore adapted the guided iCBT-I
program to fit the adolescent age group and will investi-
gate if “i-Sleep youth” can effectively treat insomnia in
adolescents who had childhood cancer.

Aims and hypotheses
The objective of this trial is to evaluate the effectiveness
of the online guided cognitive-behavioral therapy “i-
Sleep youth” in treating insomnia in adolescents and
young adults who had childhood cancer compared to a
waiting-list-control condition in a 1:1 parallel-group su-
periority RCT. Our hypothesis is that the intervention
will improve sleep efficiency (actigraphy) and insomnia
severity (self-report) on the short-term compared to the
control group, which is maintained on the long-term up
to a year after the intervention. Furthermore, we expect
that patients in the intervention group will also show
improvement on other actigraphy-based sleep parame-
ters (sleep onset latency, wake after sleep onset, total
sleep time). We will also assess two non-parametric cir-
cadian rhythm parameters, in which we expect that the
intervention group will show increased stability and less
fragmentation of the 24-h sleep-activity rhythm. Other
outcomes we hypothesize to be improved after the inter-
vention are HR-QoL, fatigue, (perceived) cognitive func-
tioning, and depressive and anxiety symptoms compared
to the control group. We also aim to study the accept-
ability of the online intervention in the adolescent target
group. At last, we aim to explore the treatment mechan-
ism in this population by studying the following media-
tors: chronic hyperarousal (defined as chronic distress)
and disrupted daytime rhythm (napping). These mediat-
ing treatment factors were found in CBT-I for adult in-
somnia populations [41] and might also be mediating
factors in treating insomnia after childhood cancer
(higher chronic distress and disrupted rhythm due to be-
ing ill).

Methods/design
Study design
The MICADO-study (Managing Insomnia after Childhood
cancer in ADOlescents) is a national randomized

controlled clinical trial. The trial will be coordinated from
the Princess Máxima Center for pediatric oncology, which
is the single national pediatric cancer center in the
Netherlands. Patients with insomnia during pediatric can-
cer follow-up or survivor care will be randomized to either
immediate access to the online intervention or the
waiting-list control group. Participants in the waiting-list
control group will receive the online treatment after
6 months. The design of the trial and study flow is shown
in Fig. 1. This trial has been approved by the Medical
Ethics Committee of UMC Utrecht (NL65009.041.18) and
registered at the Netherlands National Trial Register (Trial
NL7220 (NTR7419)). Patient inclusion started in January
2019.

Participants: inclusion and exclusion criteria
Patients are eligible when they fulfill the following cri-
teria: have insomnia symptoms of at least subthreshold
clinical severity (Insomnia Severity Index-score ≥ 8; ISI,
see the “Outcomes” section), aged between 12 and 30
years old, diagnosed with (childhood) cancer or a low-
grade brain tumor and at least 6 months since their last
cancer treatment (since insomnia during treatment can
be directly related to therapy and recover spontan-
eously). Exclusion criteria are (a) receiving palliative
therapy; (b) not sufficiently fluent in Dutch; (c) signifi-
cant cognitive impairment; (d) comorbidities that affect
sleep or can be exacerbated by the sleep restriction in
CBT-I, e.g., severely diminished eye-sight (sleep-wake
rhythm can be affected due to poor sight), acute schizo-
phrenia or substance abuse, history of a seizure disorder
diagnosis or having experienced a seizure within the past
12 months; (e) pregnancy or patients who just had a
newborn < 6months, since sleep problems often occur
in pregnancy and parents of a newborn; (f) shift work
employment; (g) suicidality; (h) current psychological
treatment for psychopathology (e.g., substance abuse,
psychosis) or sleeping disorders; and (i) severe sleep
disorders other than insomnia and untreated sleep-
breathing disorders (SBD). Patients that use sleep medi-
cation such as benzodiazepines and melatonin will not
be excluded since they may still benefit from the inter-
vention. The use of sleep medication will, however, be
monitored throughout the study, as a secondary out-
come of the intervention.

Recruitment and randomization
Participants in the MICADO-study are recruited
through a national insomnia screening in childhood can-
cer patients and survivors at the Princess Máxima Cen-
ter and the affiliated shared-care hospitals. Patients with
(subthreshold) insomnia (Insomnia Severity Index-
score ≥ 8; ISI) that are interested in participating in the
trial are sent an information package and are
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approached by the research team for a telephonic
screening including additional information and an eli-
gibility check. After the telephonic screening partici-
pants are sent an informed consent form and will be
approached 2 weeks later to provide opportunity for
questions. When participants return the form with
written consent, it is signed off by RvL or SP and a
copy will be sent back. After written consent (in pa-
tients < 16 years consent given by patients as well as
parents/legal caregivers) is given, patients are sent the
baseline measurement package. Participants will be
randomized to the intervention or waiting list group
with a 1:1 ratio, using minimization techniques, and
will be stratified on the use of sleep medication.

Randomization will take place after the baseline as-
sessment and is outsourced to an independent party
using the randomization program ALEA. Due to the
nature of the study, blinding of the participants or the
researchers is not possible.

Description of the guided online CBT for insomnia
intervention: i-Sleep youth
I-Sleep is an online therapy to treat insomnia based on
common CBT-I principles with non-synchronous online
guidance by a sleep coach. The Internet intervention is
developed at the Vrije Universiteit (author AvS) based
on CBT-I protocols including psycho-education, stimu-
lus control, sleep restriction, relaxation, and cognitive

Fig. 1 Design of the trial and study flow
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restructuring. These elements are offered in 5 sessions
in 5–8 weeks through written texts, videos, patients vi-
gnettes, and exercises. A sleep diary app is
complimentary used to guide the monitoring the sleep
behavior and sleep restriction. For more information
about the development of the original intervention, see
Van Straten et al. [40]. The topics of the five lessons and
intervention flow are shown in Fig. 2. The intervention
is weekly guided by an online coach with a psychosocial
background supervised by a sleep expert. We adapted
the original version of i-Sleep into “i-Sleep youth” to ac-
commodate the target group adolescents (12–30 years)
after childhood cancer. The instruction text, videos,
logo, images, and four patient vignettes (two video and
two written vignettes per session) were adjusted to ado-
lescent language use and examples entailing both youn-
ger adolescent stories including going to school, as older
adolescents who just started studying or working. Age-
appropriate themes were added: attention for screen use,
gaming, drugs, and energy drinks [21]. As parents play a
key role in the life of mainly the younger adolescents, an
intervention factsheet for parents with a summary and
support tips was developed. Within the Dutch law of
Agreement on Medical Treatment Act, adolescents who
are 16 years or older are considered competent to enter
a medical agreement independently. Therefore, within i-
Sleep youth, the factsheet is optional for adolescents
above 16 years of age. Parents of 13–15 years olds will
automatically receive the factsheet. After the adapta-
tion phase, i-Sleep youth was evaluated on target-
group suitability and usability by three independent
child-sleep experts, the Dutch childhood cancer
parent-patient organization, and eight adolescents in a
suitability and usability evaluation. The evaluation re-
sults were used for the final adjustments of i-Sleep
youth.

Intervention group: i-Sleep youth condition
Patients in the intervention group will start i-Sleep directly
after randomization for 5–8 weeks. They will receive an e-
mail with a username, password, and a welcome message
from the sleep coach. During the treatment, the patient
will work on homework and exercises. When the home-
work is finished, the coach will receive a notification.
Within a week, the coach will provide online feedback on
the homework. The coaching and feedback are aimed at
commenting on exercises, motivating the participants to
persist with the exercises necessary for the behavioral
changes and to clarify the information in the module. In
the current trial, SP will coach the patients, supervised by
AS, experienced in insomnia treatment, and a licensed
CBT child-psychologist within the Princess Maxima
Center.

Control group: waiting list condition
Patients in the control group will be randomized to a
waiting list of 6 months after which they are offered the
intervention. They are asked not to seek treatment for
sleeping problems (either behavioral or pharmacological)
during the waiting period. Adherence to this request will
be assessed at follow-up time points. After 6 months
they will be offered the intervention on which they will
provide feedback via an intervention feedback question-
naire and contribute to studying intervention acceptabil-
ity. The effectiveness of i-Sleep will not be assessed in
this group.

Assessments
The outcomes will be evaluated at baseline (T0), 3
months (T3), and 6months (T6) after randomization.
Patients in the intervention will additionally be assessed
at 12 months (T12). See Table 1 for an overview of as-
sessments. Acceptability of i-Sleep will be measured

Fig. 2 The topics of the five lessons and intervention flow
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following the intervention. All self-report questionnaires
will be offered through a secure website, www.hetklikt.
nu. This secure internet environment is in use in patient
care as well as in pediatric (oncology) care in the
Netherlands [42, 43]. Paper questionnaires will be avail-
able upon request to the participants. The baseline
choice of modality (paper-pencil or online) will be
retained for all time points.

Outcomes
Primary outcomes

Sleep efficiency (SE)—based on actigraphy Sleep effi-
ciency (SE) based on a 7-day wrist actigraphy measure-
ment is a primary outcome of this trial. SE can be
calculated by dividing total sleep time (TST) by the total
time the person spent in bed (× 100%). SE contains in-
formation on difficulties falling asleep as well as difficul-
ties staying asleep and is therefore often considered the
best primary outcome measure as it represents different
types of sleep problems [44]. Average SE throughout the
week will be calculated using information gathered from
the actigraph and accompanied sleep log [45]. For more
information on actigraphy methods, see paragraph “sleep
parameters.”

Insomnia severity—self-report questionnaire Insom-
nia severity is additionally a primary outcome and will
be evaluated using the Insomnia Severity Index (ISI)
[46]. The ISI is a 7-item self-report questionnaire that
assesses the nature, severity, and impact of insomnia.
The dimensions are severity of sleep onset, sleep main-
tenance and early morning waking problems, sleep dis-
satisfaction, interference of sleep difficulties with
daytime functioning, noticeability of sleep problems by
others, and distress caused by sleep difficulties. It is
rated on a 5-point Likert scale (total score 0–28). A
score of 0–7 indicates absence of insomnia, 8–14 sub-
threshold insomnia, 15–21 moderate insomnia, and 22–
28 severe insomnia. Internal consistency is excellent in
community as well as clinical samples (Cronbach’s alpha
0.90–0.91). Acceptable reliability is shown in cancer sur-
vivors [47]. A decrease of 8 points is considered a rele-
vant clinical change in insomnia severity [46].

Secondary outcomes

Sleep parameters based on actigraphy and sleep log
Sleep parameters from actigraphy and sleep log of our
interest are total sleep time (TST), total time in bed
(TIB), sleep onset latency (SOL), wake after sleep onset

Table 1 Study outcome measurements and time points

Measurement Instrument Nr.
of
items

Time-points

Baseline
(T0-months)

Post treatment
(T3 months)

Follow-
up
T6
months

Follow-
up
T12*
months

Primary outcomes

Sleep efficiency (SE) Actigraph and sleep log – X X X X

Insomnia Severity ISI 7 Assessed in
screening

X X X

Secondary outcomes:

Sleep parameters: TST, TTB, SOL, WASO, napping Actigraph and sleep log X X X X

Circadian rhythm parameters: Fragmentation (IV) and
intradaily stability (IS)

Actigraph and sleep log X X X X

Health-Related (HR) quality of life PedsQL
- teens 13–18 years
- young adult 19–30
years

23 X X X X

Fatigue CIS 20 X X X X

Depressive and anxiety symptoms HADS 14 X X X X

Perceived cognitive functioning Peds-PCF-SF 10 X X X X

Chronic stress CSQ-CA 19 X X X

General questionnaire Pain
Sleep medication use

2 X X X X

Intervention feedback Satisfaction questionnaire,
adherence

20 X*/X**

Notes.*only intervention-condition, **at 9 months for control-condition. TST total sleep time, TTB total time in bed, SOL sleep onset latency, WASO wake after sleep
onset, ISI Insomnia Severity Index, CIS Checklist Individual Strength, HADS Hospital Anxiety and Depression Scale, Peds-PCFSF Peds Perceived Cognitive functioning
Short Form, CSQ-CA Chronic Stress Questionnaire for Childs and Adolescents
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(WASO), napping, number of awakenings. Actigraphy
measures sleep-wake rhythm from the presence or ab-
sence of wrist movement, by a nonintrusive wristwatch
style device that patients will wear 24 h a day for 7 days
[48]. This method yields typical sleep-pattern measures.
This method has been widely used; reliability and valid-
ity have been established in children and adults [49–51].
A paper-pencil self-report sleep log containing a few
items on sleep-wake schedule will be kept additionally
measuring: in-bed and out-bed times, naps, and time not
wearing actigraph (e.g., during showering). The actigraph
that will be used in this study is the GTX3+, a commer-
cially available valid, and reliable device for detecting
sleep/wake diurnal patterns [52]. Accompanying stan-
dardized software ActiLife will be used to extract sleep
outcomes with the Sadeh algorithm, developed for use
in children as well as in young adults [53].

Circadian rhythm parameters—based on actigraphy
To obtain circadian rhythm parameters, a non-
parametric analysis is performed on raw wrist-actigraphy
data [54, 55]. Two parameters are calculated including
(1) Stability of circadian rhythm indicated by intradaily
stability (IS), which represents the similarity of day-night
patterns over time by the strength of synchronization
with environmental 24-h cues named zeitgebers. Stabil-
ity of rhythm measured with IS ranges from 0 to 1, in
which 1 is perfect synchronization with zeitgebers.
(2) Fragmentation of circadian rhythm is indicated by

intradaily variability (IV), which is the amount of shifting
between rest and activity. Ideally, a 24-h rhythm entails
low fragmentation with a period of a daily activity as op-
posed to a period of rest at night. Fragmentation mea-
sured with IV ranges from 0 to 2, with a higher IV
indicating a more fragmented rhythm.

Self-report questionnaires HR quality of life (HR-QoL)
will be assessed using the acute version of the Pediatric
Quality of Life Inventory (PedsQL) Generic core scales
(23 items). The multidimensional scales are physical,
emotional, social, and school/work functioning. The 5-
point Likert scale investigates to what extent the prob-
lem occurred in the last week. Each answer is reversed
scored and rescaled to 0–100 scale (0 = low, 100 = high
HR-QoL). The questionnaire demonstrates adequate re-
liability and validity in adolescents and Dutch references
are available [56, 57].
Fatigue will be measured with the Checklist Individual

Strength (CIS) subscale “fatigue severity” (8 items),
scored on a 7-point Likert scale (range 8–56; higher
score indicates more fatigue). CIS-F has shown adequate
reliability and discriminative validity [58, 59] and has
previously been used as a treatment outcome in online
CBT studies in adolescents for fatigue [60, 61].

Depressive and anxiety symptoms will be assessed with
the Hospital Anxiety and Depression Scale (HADS),
measuring depressive (7 items, score range 0–21) and
anxiety (7 items, score range 0–21) symptoms. Items are
rated from 0 (no distress) to 3 (maximum). It has shown
adequate psychometric properties in Dutch adult popu-
lations and in adolescents [62, 63].
Perceived Cognitive Functioning is assessed with the

short form of the Peds-PCF. The Peds-PCF measures per-
ceived neurocognitive functioning. The Dutch short form
of the Peds-PCF has recently been tested through IRT
modeling and showed satisfactory psychometric proper-
ties. Scores range from 10 to 50, in which a higher score
indicates better neurocognitive functioning [64].
Chronic distress in the past 3 months will be measured

using the Chronic Stress Questionnaire for Children and
Adolescents (CSQ-CA). This 17-item self-report ques-
tionnaire has been validated in adolescents and has ad-
equate psychometric properties [65]. It consists of 4-
point Likert scales, 1 = not true for me at all to 4 = com-
pletely true for me (score range 17–68) in which a
higher score indicates more distress in the past 3
months.
An additional questionnaire assesses subjective pain

(on a 10-point visual analog scale (VAS)) and sleep
medication use at T3, T6, and T12. Use of sleep medica-
tion, either prescribed or over the counter, is measured
with a sleep medication 4-Likert scale item: “During the
past month, how often have you taken medicine (pre-
scribed or “over the counter”) to help you sleep?” (0 =
not in the past month, 4 = three or more times in the
past month). Furthermore, sociodemographic and clin-
ical variables are derived from the national screening
prior to the MICADO-study.
Post-treatment intervention feedback and satisfaction

with i-Sleep will be evaluated after completing the inter-
vention with a similar acceptability procedure as in the
previous i-Sleep trial in breast cancer patients by Doze-
man and colleges [38] existing of a 20-item satisfaction
questionnaire developed by our research group. In
addition, data will be extracted from the e-health plat-
form to evaluate adherence, and acceptability by evaluat-
ing intervention feedback per session. These two
questions are included at the end of each session: “How
do you evaluate the session?” (1–10) and “Did this ses-
sion help you” (1–10).

Sample size calculation
The sample size calculation for the RCT is based on the
comparison of sleep efficiency (SE) between the iCBT-I
group and waiting list group after 3 months (T3) using
the program PASS version 16. Previous studies have
shown an improvement in SE varying between 4.3 and
11%, with a standard deviation of about 11.5%. In adults
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that received the i-Sleep intervention, baseline SE was
around 67% [40]. Mean iCBT-I improvements in SE vary
between 5 and 11% [31, 40]. Standard deviations were
similar pre- and post-intervention, about 11.5% [40]. In
this study, sample sizes of 29 in each group will achieve
80% power with a significance level of 0.05, a slope of
λ1 = 8.0, with a standard deviation of σy = 11.5, and a
standard deviation of the condition of σx = 0.50 using lin-
ear regression sample size calculation. Adjustment for
the baseline score was not possible due to limited litera-
ture [66]. Previous studies show an average drop-out
after treatment of 20% [39, 40, 67, 68]. Taking into ac-
count this potential drop-out rate of 20%, a total sample
of 70 (35 per group) is necessary to achieve adequate
power for the per-protocol effectiveness analysis.

Statistical analyses
Intention-to-treat as well as per-protocol analysis will be
performed. A linear regression model adjusted for base-
line score will be estimated to answer our primary study
aim: the effectiveness of iCBT-I on SE and insomnia se-
verity (ISI-score) in the iCBT-I group and the WL post-
treatment (T3). The differences in SE and ISI at T3
between both groups will also be expressed in Cohen’s d
effect sizes. For our secondary study aims, the clinical
relevant response from the intervention effect posttreat-
ment will be investigated by estimating a logistic regres-
sion model using yes/no clinical improvement based on
the self-reported insomnia severity, since this represents
both sleep problems, as daytime consequences of insom-
nia. A clinically relevant improvement is defined based
on the self-report ISI as a decrease of ≤ 8 points between
T0 and T3 [46, 67]. Due to the presence of repeated
measurements a mixed linear model will be estimated to
investigate the long-term effects. Mediation analyses at
T3 are performed with the regression-based PROCESS
macro [69] in which the potential mediational effect of
chronic stress and napping on treatment effectivity on
SE and ISI at T3 is tested. Missing data will be imputed
under the appropriate missing data analysis assumptions,
e.g. leading to multiple missing data imputation [70]. All
analyses will be performed using SPSS and R.

Composition of the coordinating center and trial steering
committee
The research team entails childhood oncologists and fel-
lows, psychologists, epidemiologists, and research assis-
tants. Weekly meetings are held with the core research
team providing day-to-day support including RvL, SP,
and research assistants. Monthly the trial is supervised
by MG, GK, AvS, and the Trial and Data Center (TDC)
of the Princess Maxima Center. Stakeholders are in-
volved through yearly cooperating with the patient-
parent organization VOKK.

Monitoring
This trial is monitored by the monitoring company
Julius Clinical based on a low-risk study profile. The
monitor consists of an initiation visit, two monitor visits
(after 10 and after 50 inclusions), and a close-out visit
(Julius Clinical reference: 18-534). No interim analyses
are performed due to the low-risk profile. Furthermore,
each year the accredited medical ethical committee will
be updated on the progress of the trial.

Discussion
Insomnia is common in adolescents and young adults
who had childhood cancer and poses a high burden that
can persist for a long time if left untreated. The cancer
diagnosis and treatment in itself may increase the risk of
developing insomnia, while ongoing dysfunctional sleep-
ing habits and distress may perpetuate insomnia in the
long run [8, 23, 24, 71–73]. In adult cancer survivors the
efficacy of internet cognitive behavioral therapy for in-
somnia (iCBT-I) shows promising results [74]. iCBT-I
might provide an answer to the paucity in access to in-
somnia care and shows similar effect sizes compared to
face-to-face CBT-I in adults [34]. iCBT-I might be a po-
tential treatment for insomnia after childhood cancer.
Therefore, this paper presents the design of the MICA
DO-study, a randomized controlled trail, to investigate
the efficacy of the iCBT-I intervention “i-Sleep youth” in
adolescents and young adults who had childhood cancer.
This trial has several strengths and limitations. Firstly,

it contributes to the expanding literature of the effectiv-
ity of iCBT-I in adolescents with insomnia and is the
first RCT studying its effectiveness for adolescents with
insomnia after childhood cancer. Furthermore, the trial
has a high external validity, since we include a nation-
wide patient population derived from a national screen-
ing in all pediatric oncology centers in the Netherlands.
However, this has the disadvantage that there might be a
self-selection bias in participants responding to the na-
tional screening invitation, e.g., specific subgroups, such
as with a lower education level, socioeconomic status, or
language barrier are less likely to respond [75, 76].
Another strength of this study is that we include both
subjective and objective measures of sleep, which is rec-
ommended in insomnia treatment trials [44]. A limita-
tion is that the coach is also the investigator, not
allowing for blinding or masking, which potentially poses
an expectancy bias. However, the coaching contact only
entails guidance online in the self-help program or via
post mail, so investigator contact to elicit this bias is lim-
ited. At last, the waiting-list control is a non-active con-
trol group which might inflate treatment effects [77].
Furthermore, the waiting-list control receives treatment
after 6 months, which limits comparison of long-term
effects of iCBT-I only up to 6 months. However,
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currently, there is no standard care-as-usual for this pa-
tient group and a non-active waiting list is commonly
used to study cognitive behavioral interventions [78].
Overall, there is a need for interventions for adoles-

cents with insomnia after childhood cancer. Additional
insomnia on top of being a childhood cancer survivor
may put an already vulnerable group for adverse out-
comes, even more at risk for impaired physical and psy-
chosocial health. Currently, the availability of first-line
treatment cognitive behavioral therapy for insomnia is
limited. An online guided modality might provide an an-
swer. Therefore, the online cognitive behavior therapy
“i-Sleep youth” for adolescents and young adults with in-
somnia after childhood cancer was adapted and will be
studied in this trial. Insomnia treatment has the poten-
tial to contribute to enhancing health-related quality of
life and psychosocial functioning in this adolescent
pediatric oncology population.

Trial status
At the time of submission of this paper (protocol version
number 4, 11-12-2020), subject recruitment is still on-
going. Inclusion started in 24 January 2019 and study
completion is expected in September 2021.

Abbreviations
CBT-I: Cognitive behavioral therapy for insomnia; CSQ-CA: Chronic Stress
Questionnaire for Children and Adolescents; CIS: Checklist Individual
Strength; DSM-IV: Diagnostic and Statistical Manual of Mental Disorders;
DSPS: Delayed-sleep phase disorder; HADS: Hospital Anxiety and Depression
Scale; HR-QoL: Health-related quality of life; HSDQ: Holland Sleep Disorder
Questionnaire; iCBT-i internet-based: Cognitive behavioral therapy for
insomnia; ISI: Insomnia Severity Index-score; IS: Intradaily stability;
IV: Intradaily variability; MICADO: Managing Insomnia after Childhood Cancer
in Adolescents; PedsQL: Pediatric Quality of Life Inventory; RCT: Randomized
controlled trial; SBD: Sleep breathing disorders; SE: Sleep efficiency; TST: Total
sleep time; TIB: Total time in bed; SOL: Sleep onset latency; VAS: Visual
analog scale; WASO: Wake after sleep onset

Acknowledgements
We would like to thank the participating adolescents, the patient-parent
organization VOKK and adolescent sleep experts Ed de Bruin and Anne-Marie
Meijer for their feedback during the adaptation process of i-Sleep youth.

Sponsor contact information
The institution of the principal investigator RvL is the sponsor of this
investigator-initiated trial: Princess Maxima Center for pediatric oncology, Hei-
delberglaan 25, 3584 CS Utrecht, Netherlands. Contact person head of trial
and data center: Prof. Michel Zwaan. TDCSecretary@prinsesmaximacentrum.
nl. The sponsor evaluated the study design through internal peer review
evaluation and provides support in data management through the Trial Data
Center. However, the sponsor plays no part in the collection, analysis, and in-
terpretation of data; writing of the report; and the decision to submit the re-
port for publication.

Authors’ contributions
RvL is the principal investigator and wrote the grant application. AvS, MG,
and GJ are the co-principal investigators playing a key role in the study and
revised the grant protocol. SP is the PhD-candidate on the study and wrote
the manuscript based on the grant protocol. AT is a statistician and contrib-
uted to the statistical analysis plan. EB is a senior licensed child-psychologist
and contributed to the adaption of i-Sleep for the adolescent childhood on-
cology population. All authors read and approved the manuscript.

Funding
The trial is funded by the Dutch Cancer Society (DCS, call number 2016–2,
grant number 10706). The role of the Dutch Cancer Society is limited to peer
review of grant proposal. The Dutch Cancer Society is not involved in data
collection, analyses, and interpretation of the data nor in writing the
manuscripts.

Availability of data and materials
The data collection is ongoing. When the dataset for analyses is completed,
the datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This trial has received ethical approval from the Medical Ethics Committee of
UMC Utrecht, reference number NL65009.041.18 (registration number: 18-
453), on the 1st of August 2018 as a single-center trial. Written informed con-
sent is obtained from all participants before participation by the coordinating
researchers RvL and SP.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Princess Máxima Center for Pediatric Oncology, Heidelberglaan 25, Utrecht
3584 CS, The Netherlands. 2Emma Children’s Hospital, Amsterdam UMC, Vrije
Universiteit, Pediatric Oncology, Cancer Center Amsterdam, Amsterdam, The
Netherlands. 3Department of Clinical, Neuro, and Developmental Psychology,
Faculty of Behavioural and Movement Science & Amsterdam Public Health
Research Institute, Vrije Universiteit Amsterdam, van der Boechorststraat 7,
Amsterdam 1081 BT, The Netherlands.

Received: 24 August 2020 Accepted: 13 April 2021

References
1. Daniel L, Wang M, Srivastava D, Schwartz L, Brinkman T, Edelstein K, et al.

0863 Sleep behaviors and patterns in adult survivors of childhood cancers: a
report from the childhood cancer survivor study (ccss). Sleep. 2018;
41(suppl_1):A320–A1.

2. Zhou ES, Recklitis CJ. Insomnia in adult survivors of childhood cancer: a
report from project REACH. Support Care Cancer. 2014;22(11):3061–9.
https://doi.org/10.1007/s00520-014-2316-y.

3. Association AP. Diagnostic and statistical manual of mental disorders (DSM-
5®): American Psychiatric Pub; 2013. https://doi.org/10.1176/appi.books.
9780890425596.

4. Clanton NR, Klosky JL, Li C, Jain N, Srivastava DK, Mulrooney D, Zeltzer L,
Stovall M, Robison LL, Krull KR. Fatigue, vitality, sleep, and neurocognitive
functioning in adult survivors of childhood cancer: a report from the
Childhood Cancer Survivor Study. Cancer. 2011;117(11):2559–68. https://doi.
org/10.1002/cncr.25797.

5. Daniel L, Kazak AE, Li YM, Hobbie W, Ginsberg J, Butler E, Schwartz L.
Relationship between sleep problems and psychological outcomes in
adolescent and young adult cancer survivors and controls. Support Care
Cancer. 2016;24(2):539–46. https://doi.org/10.1007/s00520-015-2798-2.

6. Meeske KA, Siegel SE, Globe DR, Mack WJ, Bernstein L. Prevalence and
correlates of fatigue in long-term survivors of childhood leukemia. J Clin
Oncol. 2005;23(24):5501–10. https://doi.org/10.1200/JCO.2005.03.210.

7. Spathis A, Booth S, Grove S, Hatcher H, Kuhn I, Barclay S. Teenage and
young adult cancer-related fatigue is prevalent, distressing, and neglected:
it is time to intervene. A systematic literature review and narrative synthesis.
J Adolesc Young Adult Oncol. 2015;4(1):3–17. https://doi.org/10.1089/jayao.2
014.0023.

8. Walter LM, Nixon GM, Davey MJ, Downie PA, Horne RS. Sleep and fatigue in
pediatric oncology: a review of the literature. Sleep Med Rev. 2015;24:71–82.
https://doi.org/10.1016/j.smrv.2015.01.001.

Peersmann et al. Trials          (2021) 22:307 Page 9 of 11

mailto:TDCSecretary@prinsesmaximacentrum.nl
mailto:TDCSecretary@prinsesmaximacentrum.nl
https://doi.org/10.1007/s00520-014-2316-y
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1002/cncr.25797
https://doi.org/10.1002/cncr.25797
https://doi.org/10.1007/s00520-015-2798-2
https://doi.org/10.1200/JCO.2005.03.210
https://doi.org/10.1089/jayao.2014.0023
https://doi.org/10.1089/jayao.2014.0023
https://doi.org/10.1016/j.smrv.2015.01.001


9. Roberts RE, Roberts CR, Duong HT. Chronic insomnia and its negative
consequences for health and functioning of adolescents: a 12-month
prospective study. J Adolesc Health. 2008;42(3):294–302. https://doi.org/10.1
016/j.jadohealth.2007.09.016.

10. Sivertsen B, Lallukka T, Salo P, Pallesen S, Hysing M, Krokstad S, Øverland S.
Insomnia as a risk factor for ill health: results from the large population-
based prospective HUNT study in N orway. J Sleep Res. 2014;23(2):124–32.
https://doi.org/10.1111/jsr.12102.

11. Taylor DJ, Lichstein KL, Durrence HH. Insomnia as a health risk factor. Behav
Sleep Med. 2003;1(4):227–47. https://doi.org/10.1207/S15402010BSM0104_5.

12. Taylor DJ, Mallory LJ, Lichstein KL, Durrence HH, Riedel BW, Bush AJ.
Comorbidity of chronic insomnia with medical problems. Sleep. 2007;30(2):
213–8. https://doi.org/10.1093/sleep/30.2.213.

13. Hudson MM, Mertens AC, Yasui Y, Hobbie W, Chen H, Gurney JG, Yeazel M,
Recklitis CJ, Marina N, Robison LR, Oeffinger KC, Childhood Cancer Survivor
Study Investigators. Health status of adult long-term survivors of childhood
cancer: a report from the Childhood Cancer Survivor Study. JAMA. 2003;
290(12):1583–92. https://doi.org/10.1001/jama.290.12.1583.

14. Johnson EO, Roth T, Schultz L, Breslau N. Epidemiology of DSM-IV insomnia
in adolescence: lifetime prevalence, chronicity, and an emergent gender
difference. Pediatrics. 2006;117(2):e247–56. https://doi.org/10.1542/peds.2
004-2629.

15. Sivertsen B, Harvey AG, Pallesen S, Hysing M. Trajectories of sleep problems
from childhood to adolescence: a population-based longitudinal study from
Norway. J Sleep Res. 2017;26(1):55–63. https://doi.org/10.1111/jsr.12443.

16. Jaworska N, MacQueen G. Adolescence as a unique developmental period.
J Psychiatry Neurosci. 2015;40(5):291.

17. Aubin S, Barr R, Rogers P, Schacter B, Bielack SS, Ferrari A, et al. What should the age
range be for AYA oncology? New Rochelle: Mary Ann Liebert, Inc; 2011.

18. Bleyer A, O’leary M, Barr R, Ries L. Cancer epidemiology in older adolescents
and young adults 15 to 29 years of age, including SEER incidence and
survival: 1975–2000. Cancer epidemiology in older adolescents and young
adults 15 to 29 years of age, including SEER incidence and survival: 1975–
2000. 2006.

19. Spielman AJ, Caruso LS, Glovinsky PB. A behavioral perspective on insomnia
treatment. Psychiatr Clin. 1987;10(4):541–53.

20. Colrain IM, Baker FC. Changes in sleep as a function of adolescent
development. Neuropsychol Rev. 2011;21(1):5–21. https://doi.org/10.1007/
s11065-010-9155-5.

21. de Zambotti M, Goldstone A, Colrain IM, Baker FC. Insomnia disorder in
adolescence: diagnosis, impact, and treatment. Sleep Med Rev. 2018;39:12–
24. https://doi.org/10.1016/j.smrv.2017.06.009.

22. Daniel LC, Schwartz LA, Mindell JA, Tucker CA, Barakat LP. Initial validation
of the sleep disturbances in pediatric cancer model. J Pediatr Psychol. 2016;
41(6):588–99. https://doi.org/10.1093/jpepsy/jsw008.

23. Hinds P, Hockenberry M, Srivastava DK, Gattuso J, Jones H, West N, et al.
Sleep, fatigue, and dexamethasone in children and adolescents with acute
lymphocytic leukemia (ALL). Oncol Nurs Forum. 2007;34(1):197–8.

24. Rogers VE, Zhu S, Ancoli-Israel S, Hinds PS. Impairment in circadian activity
rhythms occurs during dexamethasone therapy in children with leukemia.
Pediatr Blood Cancer. 2014;61(11):1986–91. https://doi.org/10.1002/pbc.25147.

25. Zupanec S, Jones H, Stremler R. Sleep habits and fatigue of children
receiving maintenance chemotherapy for ALL and their parents. J Pediatr
Oncol Nurs. 2010;27(4):217–28. https://doi.org/10.1177/1043454209358890.

26. Riemann D, Spiegelhalder K, Feige B, Voderholzer U, Berger M, Perlis M,
Nissen C. The hyperarousal model of insomnia: a review of the concept and
its evidence. Sleep Med Rev. 2010;14(1):19–31. https://doi.org/10.1016/j.
smrv.2009.04.002.

27. Riemann D, Perlis ML. The treatments of chronic insomnia: a review of
benzodiazepine receptor agonists and psychological and behavioral
therapies. Sleep Med Rev. 2009;13(3):205–14. https://doi.org/10.1016/j.smrv.2
008.06.001.

28. Morin CM, Benca R. Chronic insomnia. Lancet. 2012;379(9821):1129–41.
https://doi.org/10.1016/S0140-6736(11)60750-2.

29. Dewald-Kaufmann J, de Bruin E, Michael G. Cognitive behavioral therapy for
insomnia (CBT-i) in school-aged children and adolescents. Sleep Med Clin.
2019;14(2):155–65. https://doi.org/10.1016/j.jsmc.2019.02.002.

30. Blake MJ, Sheeber LB, Youssef GJ, Raniti MB, Allen NB. Systematic review
and meta-analysis of adolescent cognitive-behavioral sleep interventions.
Clin Child Fam Psychol Rev. 2017;20(3):227–49. https://doi.org/10.1007/s1
0567-017-0234-5.

31. Ma ZR, Shi LJ, Deng MH. Efficacy of cognitive behavioral therapy in children
and adolescents with insomnia: a systematic review and meta-analysis. Braz J
Med Biol Res. 2018;51(6):e7070. https://doi.org/10.1590/1414-431x20187070.

32. Zhou ES, Vrooman LM, Manley PE, Crabtree VM, Recklitis CJ. Adapted
delivery of cognitive-behavioral treatment for insomnia in adolescent and
young adult cancer survivors: a pilot study. Behav Sleep Med. 2017;15(4):
288–301. https://doi.org/10.1080/15402002.2015.1126597.

33. Espie CA. “Stepped care”: a health technology solution for delivering
cognitive behavioral therapy as a first line insomnia treatment. Sleep. 2009;
32(12):1549–58. https://doi.org/10.1093/sleep/32.12.1549.

34. Zachariae R, Lyby MS, Ritterband LM, O'Toole MS. Efficacy of internet-
delivered cognitive-behavioral therapy for insomnia–a systematic review
and meta-analysis of randomized controlled trials. Sleep Med Rev. 2016;30:
1–10. https://doi.org/10.1016/j.smrv.2015.10.004.

35. Lancee J, van den Bout J, Sorbi MJ, van Straten A. Motivational support
provided via email improves the effectiveness of internet-delivered self-help
treatment for insomnia: a randomized trial. Behav Res Ther. 2013;51(12):797–
805. https://doi.org/10.1016/j.brat.2013.09.004.

36. Morin C, Espie C. Insomnia–a clinical guide to assessment and therapy. New
York: Kluwer Academic/Plenum Publishers; 2003.

37. Verbeek I, Van de Laar M. Verbeter je slaap: Springer Science & Business
Media; 2010. https://doi.org/10.1007/978-90-313-7522-6.

38. Dozeman E, Verdonck-de Leeuw IM, Savard J, van Straten A. Guided web-
based intervention for insomnia targeting breast cancer patients: feasibility
and effect. Internet Interv. 2017;9:1–6. https://doi.org/10.1016/j.invent.2017.
03.005.

39. van der Zweerde T, van Straten A, Effting M, Kyle SD, Lancee J. Does online
insomnia treatment reduce depressive symptoms? A randomized controlled
trial in individuals with both insomnia and depressive symptoms. Psychol
Med. 2019;49(3):501–9. https://doi.org/10.1017/S0033291718001149.
Cambridge University Press.

40. van Straten A, Emmelkamp J, de Wit J, Lancee J, Andersson G, van Someren
EJ, et al. Guided internet-delivered cognitive behavioural treatment for
insomnia: a randomized trial. Psychol Med. 2014;44(7):1521–32. https://doi.
org/10.1017/S0033291713002249.

41. Schwartz DR, Carney CE. Mediators of cognitive-behavioral therapy for
insomnia: a review of randomized controlled trials and secondary analysis
studies. Clin Psychol Rev. 2012;32(7):664–75. https://doi.org/10.1016/j.cpr.2
012.06.006.

42. Schepers SA, Sint Nicolaas SM, Haverman L, Wensing M, Schouten van
Meeteren AY, Veening MA, et al. Real-world implementation of electronic
patient-reported outcomes in outpatient pediatric cancer care.
Psychooncology. 2017;26(7):951–9. https://doi.org/10.1002/pon.4242.

43. Haverman L, van Oers HA, Limperg PF, Hijmans CT, Schepers SA, Nicolaas S,
et al. Implementation of electronic patient reported outcomes in pediatric
daily clinical practice: the KLIK experience. Clin Pract Pediatr Psychol. 2014;
2(1):50–67. https://doi.org/10.1037/cpp0000043.

44. Morin CM. Measuring outcomes in randomized clinical trials of insomnia
treatments. Sleep Med Rev. 2003;7(3):263–79. https://doi.org/10.1053/smrv.2
002.0274.

45. Kushida CA, Chang A, Gadkary C, Guilleminault C, Carrillo O, Dement WC.
Comparison of actigraphic, polysomnographic, and subjective assessment
of sleep parameters in sleep-disordered patients. Sleep Med. 2001;2(5):389–
96. https://doi.org/10.1016/S1389-9457(00)00098-8.

46. Morin CM, Belleville G, Belanger L, Ivers H. The insomnia severity index:
psychometric indicators to detect insomnia cases and evaluate treatment
response. Sleep. 2011;34(5):601–8. https://doi.org/10.1093/sleep/34.5.601.

47. Yusufov M, Zhou ES, Recklitis CJ. Psychometric properties of the Insomnia
Severity Index in cancer survivors. Psycho‐oncology. 2019;28(3):540–6.
https://doi-org.proxy.library.uu.nl/10.1002/pon.4973.

48. Acebo C, Sadeh A, Seifer R, Tzischinsky O, Wolfson AR, Hafer A, Carskadon
MA. Estimating sleep patterns with activity monitoring in children and
adolescents: how many nights are necessary for reliable measures? Sleep.
1999;22(1):95–103. https://doi.org/10.1093/sleep/22.1.95.

49. Ancoli-Israel S, Cole R, Alessi C, Chambers M, Moorcroft W, Pollak CP. The
role of actigraphy in the study of sleep and circadian rhythms. Sleep. 2003;
26(3):342–92. https://doi.org/10.1093/sleep/26.3.342.

50. Sadeh A, Gruber R, Raviv A. Sleep, neurobehavioral functioning, and
behavior problems in school-age children. Child Dev. 2002;73(2):405–17.
https://doi.org/10.1111/1467-8624.00414.

Peersmann et al. Trials          (2021) 22:307 Page 10 of 11

https://doi.org/10.1016/j.jadohealth.2007.09.016
https://doi.org/10.1016/j.jadohealth.2007.09.016
https://doi.org/10.1111/jsr.12102
https://doi.org/10.1207/S15402010BSM0104_5
https://doi.org/10.1093/sleep/30.2.213
https://doi.org/10.1001/jama.290.12.1583
https://doi.org/10.1542/peds.2004-2629
https://doi.org/10.1542/peds.2004-2629
https://doi.org/10.1111/jsr.12443
https://doi.org/10.1007/s11065-010-9155-5
https://doi.org/10.1007/s11065-010-9155-5
https://doi.org/10.1016/j.smrv.2017.06.009
https://doi.org/10.1093/jpepsy/jsw008
https://doi.org/10.1002/pbc.25147
https://doi.org/10.1177/1043454209358890
https://doi.org/10.1016/j.smrv.2009.04.002
https://doi.org/10.1016/j.smrv.2009.04.002
https://doi.org/10.1016/j.smrv.2008.06.001
https://doi.org/10.1016/j.smrv.2008.06.001
https://doi.org/10.1016/S0140-6736(11)60750-2
https://doi.org/10.1016/j.jsmc.2019.02.002
https://doi.org/10.1007/s10567-017-0234-5
https://doi.org/10.1007/s10567-017-0234-5
https://doi.org/10.1590/1414-431x20187070
https://doi.org/10.1080/15402002.2015.1126597
https://doi.org/10.1093/sleep/32.12.1549
https://doi.org/10.1016/j.smrv.2015.10.004
https://doi.org/10.1016/j.brat.2013.09.004
https://doi.org/10.1007/978-90-313-7522-6
https://doi.org/10.1016/j.invent.2017.03.005
https://doi.org/10.1016/j.invent.2017.03.005
https://doi.org/10.1017/S0033291718001149
https://doi.org/10.1017/S0033291713002249
https://doi.org/10.1017/S0033291713002249
https://doi.org/10.1016/j.cpr.2012.06.006
https://doi.org/10.1016/j.cpr.2012.06.006
https://doi.org/10.1002/pon.4242
https://doi.org/10.1037/cpp0000043
https://doi.org/10.1053/smrv.2002.0274
https://doi.org/10.1053/smrv.2002.0274
https://doi.org/10.1016/S1389-9457(00)00098-8
https://doi.org/10.1093/sleep/34.5.601
https://doi-org.proxy.library.uu.nl/10.1002/pon.4973
https://doi.org/10.1093/sleep/22.1.95
https://doi.org/10.1093/sleep/26.3.342
https://doi.org/10.1111/1467-8624.00414


51. Sadeh A, Hauri PJ, Kripke DF, Lavie P. The role of actigraphy in the
evaluation of sleep disorders. Sleep. 1995;18(4):288–302. https://doi.org/10.1
093/sleep/18.4.288.

52. Cellini N, Buman MP, McDevitt EA, Ricker AA, Mednick SC. Direct
comparison of two actigraphy devices with polysomnographically recorded
naps in healthy young adults. Chronobiol Int. 2013;30(5):691–8. https://doi.
org/10.3109/07420528.2013.782312.

53. Sadeh A, Sharkey KM, Carskadon MA. Activity-based sleep-wake
identification: an empirical test of methodological issues. Sleep. 1994;17(3):
201–7. https://doi.org/10.1093/sleep/17.3.201.

54. Gonçalves BS, Cavalcanti PR, Tavares GR, Campos TF, Araujo JF.
Nonparametric methods in actigraphy: an update. Sleep Sci. 2014;7(3):158–
64. https://doi.org/10.1016/j.slsci.2014.09.013.

55. Van Someren EJ, Swaab DF, Colenda CC, Cohen W, McCall WV, Rosenquist
PB. Bright light therapy: improved sensitivity to its effects on rest-activity
rhythms in Alzheimer patients by application of nonparametric methods.
Chronobiol Int. 1999;16(4):505–18. https://doi.org/10.3109/0742052
9908998724.

56. Engelen V, Haentjens MM, Detmar SB, Koopman HM, Grootenhuis MA.
Health related quality of life of Dutch children: psychometric properties of
the PedsQL in the Netherlands. BMC Pediatr. 2009;9(1):68. https://doi.org/1
0.1186/1471-2431-9-68.

57. Limperg PF, Haverman L, van Oers HA, van Rossum MA, Maurice-Stam H,
Grootenhuis MA. Health related quality of life in Dutch young adults:
psychometric properties of the PedsQL generic core scales young adult
version. Health Qual Life Outcomes. 2014;12(1):9. https://doi.org/10.1186/14
77-7525-12-9.

58. Vercoulen J, Alberts M, Bleijenberg G. De checklist individuele spankracht
(CIS). Gedragstherapie. 1999;32(131):6.

59. Vercoulen JH, Swanink CM, Fennis JF, Galama JM, van der Meer JW,
Bleijenberg G. Dimensional assessment of chronic fatigue syndrome. J
Psychosom Res. 1994;38(5):383–92. https://doi.org/10.1016/0022-3999(94
)90099-X.

60. Nijhof SL, Priesterbach LP, Uiterwaal CS, Bleijenberg G, Kimpen JL, van de
Putte EM. Internet-based therapy for adolescents with chronic fatigue
syndrome: long-term follow-up. Pediatrics. 2013;131(6):e1788–95. https://doi.
org/10.1542/peds.2012-2007.

61. Stulemeijer M, de Jong LW, Fiselier TJ, Hoogveld SW, Bleijenberg G.
Cognitive behaviour therapy for adolescents with chronic fatigue syndrome:
randomised controlled trial. BMJ. 2005;330(7481):14. https://doi.org/10.1136/
bmj.38301.587106.63.

62. Spinhoven P, Ormel J, Sloekers PP, Kempen GI, Speckens AE, Van Hemert
AM. A validation study of the hospital anxiety and depression scale (HADS)
in different groups of Dutch subjects. Psychol Med. 1997;27(2):363–70.
https://doi.org/10.1017/S0033291796004382.

63. White D, Leach C, Sims R, Atkinson M, Cottrell D. Validation of the hospital
anxiety and depression scale for use with adolescents. Brit J Psychiatry.
1999;175(5):452–4. https://doi.org/10.1192/bjp.175.5.452.

64. Marchal JP, De Vries M, Conijn J, Rietman AB, IJsselstijn H, Tibboel D, et al.
Pediatric perceived cognitive functioning: psychometric properties and
normative data of the Dutch Item Bank and Short Form. J Int Neuropsychol
Soc. 2019;25(8):845–56. https://doi.org/10.1017/S1355617719000572.

65. De Bruin EI, Sieh DS, Zijlstra BJ, Meijer A-M. Chronic childhood stress:
psychometric properties of the chronic stress questionnaire for children and
adolescents (CSQ-CA) in three independent samples. Child Indicators Res.
2018;11(4):1389–406. https://doi-org.proxy.library.uu.nl/10.1007/s12187-017-
9478-3.

66. Dupont WD, Plummer WD Jr. Power and sample size calculations for
studies involving linear regression. Control Clin Trials. 1998;19(6):589–601.
https://doi.org/10.1016/S0197-2456(98)00037-3.

67. de Bruin EJ, Bogels SM, Oort FJ, Meijer AM. Efficacy of cognitive behavioral
therapy for insomnia in adolescents: a randomized controlled trial with
internet therapy, group therapy and a waiting list condition. Sleep. 2015;
38(12):1913–26. https://doi.org/10.5665/sleep.5240.

68. Ho FY, Chung KF, Yeung WF, Ng TH, Kwan KS, Yung KP, et al. Self-help
cognitive-behavioral therapy for insomnia: a meta-analysis of randomized
controlled trials. Sleep Med Rev. 2015;19:17–28. https://doi.org/10.1016/j.
smrv.2014.06.010.

69. Hayes AF, Rockwood NJ. Regression-based statistical mediation and
moderation analysis in clinical research: observations, recommendations,

and implementation. Behav Res Ther. 2017;98:39–57. https://doi.org/10.101
6/j.brat.2016.11.001.

70. Little RJA, Rubin DB. Statistical analysis with missing data. 2nd ed. Hoboken:
John Wiley & Sons, Inc; 2002.

71. Daniel LC, Li Y, Kloss JD, Reilly AF, Barakat LP. The impact of dexamethasone
and prednisone on sleep in children with acute lymphoblastic leukemia.
Support Care Cancer. 2016;24(9):3897–906. https://doi.org/10.1007/s00520-
016-3234-y.

72. Rosen G, Harris AK, Liu M, Dreyfus J, Krueger J, Messinger YH. The effects of
dexamethasone on sleep in young children with acute lymphoblastic
leukemia. Sleep Med. 2015;16(4):503–9. https://doi.org/10.1016/j.sleep.2
014.11.002.

73. Rosen GM. Sleep in children who have cancer. Sleep Med Clin. 2007;2(3):
491–500. https://doi.org/10.1016/j.jsmc.2007.05.011.

74. Johnson JA, Rash JA, Campbell TS, Savard J, Gehrman PR, Perlis M, Carlson
LE, Garland SN. A systematic review and meta-analysis of randomized
controlled trials of cognitive behavior therapy for insomnia (CBT-I) in cancer
survivors. Sleep Med Rev. 2016;27:20–8. https://doi.org/10.1016/j.smrv.2015.
07.001.

75. Cheung KL, Peter M, Smit C, de Vries H, Pieterse ME. The impact of non-
response bias due to sampling in public health studies: a comparison of
voluntary versus mandatory recruitment in a Dutch national survey on
adolescent health. BMC Public Health. 2017;17(1):276. https://doi.org/10.11
86/s12889-017-4189-8.

76. Kilsdonk E, Wendel E, van Dulmen-den Broeder E, van Leeuwen FE, van den
Berg MH, Jaspers M. Participation rates of childhood cancer survivors to self-
administered questionnaires: a systematic review. Eur J Cancer Care. 2017;
26(6):e12462. https://doi.org/10.1111/ecc.12462.

77. Cunningham JA, Kypri K, McCambridge J. Exploratory randomized controlled
trial evaluating the impact of a waiting list control design. BMC Med Res
Methodol. 2013;13(1):150. https://doi.org/10.1186/1471-2288-13-150.

78. Butler AC, Chapman JE, Forman EM, Beck AT. The empirical status of
cognitive-behavioral therapy: a review of meta-analyses. Clin Psychol Rev.
2006;26(1):17–31. https://doi.org/10.1016/j.cpr.2005.07.003.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Peersmann et al. Trials          (2021) 22:307 Page 11 of 11

https://doi.org/10.1093/sleep/18.4.288
https://doi.org/10.1093/sleep/18.4.288
https://doi.org/10.3109/07420528.2013.782312
https://doi.org/10.3109/07420528.2013.782312
https://doi.org/10.1093/sleep/17.3.201
https://doi.org/10.1016/j.slsci.2014.09.013
https://doi.org/10.3109/07420529908998724
https://doi.org/10.3109/07420529908998724
https://doi.org/10.1186/1471-2431-9-68
https://doi.org/10.1186/1471-2431-9-68
https://doi.org/10.1186/1477-7525-12-9
https://doi.org/10.1186/1477-7525-12-9
https://doi.org/10.1016/0022-3999(94)90099-X
https://doi.org/10.1016/0022-3999(94)90099-X
https://doi.org/10.1542/peds.2012-2007
https://doi.org/10.1542/peds.2012-2007
https://doi.org/10.1136/bmj.38301.587106.63
https://doi.org/10.1136/bmj.38301.587106.63
https://doi.org/10.1017/S0033291796004382
https://doi.org/10.1192/bjp.175.5.452
https://doi.org/10.1017/S1355617719000572
https://doi-org.proxy.library.uu.nl/10.1007/s12187-017-9478-3
https://doi-org.proxy.library.uu.nl/10.1007/s12187-017-9478-3
https://doi.org/10.1016/S0197-2456(98)00037-3
https://doi.org/10.5665/sleep.5240
https://doi.org/10.1016/j.smrv.2014.06.010
https://doi.org/10.1016/j.smrv.2014.06.010
https://doi.org/10.1016/j.brat.2016.11.001
https://doi.org/10.1016/j.brat.2016.11.001
https://doi.org/10.1007/s00520-016-3234-y
https://doi.org/10.1007/s00520-016-3234-y
https://doi.org/10.1016/j.sleep.2014.11.002
https://doi.org/10.1016/j.sleep.2014.11.002
https://doi.org/10.1016/j.jsmc.2007.05.011
https://doi.org/10.1016/j.smrv.2015.07.001
https://doi.org/10.1016/j.smrv.2015.07.001
https://doi.org/10.1186/s12889-017-4189-8
https://doi.org/10.1186/s12889-017-4189-8
https://doi.org/10.1111/ecc.12462
https://doi.org/10.1186/1471-2288-13-150
https://doi.org/10.1016/j.cpr.2005.07.003

	Abstract
	Background
	Methods/design
	Discussion
	Trial registration

	Background
	Aims and hypotheses

	Methods/design
	Study design
	Participants: inclusion and exclusion criteria
	Recruitment and randomization
	Description of the guided online CBT for insomnia intervention: i-Sleep youth
	Intervention group: i-Sleep youth condition
	Control group: waiting list condition

	Assessments
	Outcomes
	Primary outcomes
	Secondary outcomes

	Sample size calculation
	Statistical analyses
	Composition of the coordinating center and trial steering committee
	Monitoring

	Discussion
	Trial status
	Abbreviations
	Acknowledgements
	Sponsor contact information
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

